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Abstract

This dissertation develops readings and interpretations about technological

artifacts and machines in relation to mechanical engineering, and social, political, and

material culture during the Porfiriato, that period in Mexican history associated with the

rule of Porfirio DIaz between 1876 and 1910. It is argued that the PorfIriato facilitated

the mechanical revolution of the country that transformed the life experience of

Mexicans.

To describe the process of Mexico’s mechanisation, this dissertation examines

the case of an iron foundry, the Fundición de Sinaloa (The FundiciOn or ES), that was

established in Mazatlán, State of Sinaloa, by the early 1870s. It is argued that this

foundry was the site where technological adaptation of steam engineering took place

leading to the development of a system for the construction of machines. As a result,

from 1891 to 1906, the foundry produced diverse tools and machinery by adapting

state-of-the-art thermodynamic technology and machines.

The analysis of the Fundición took shape through the interpretation of original

engineering drawings and photographs of steam machines built in the workshops of the

foundry in Mazatlán. In addition, other archival documents and secondary sources

were consulted, including the accounts of those who witnessed and experienced the

socio-cultural effects of technoscientific artifacts in Mexico at the turn of the nineteenth

century. In order to interpret this rich and complex body of evidence, this dissertation

utilises, in combination, Actor-Network-Theory, Technological Systems, and visual

analysis as theoretical frameworks. It is argued that machines are historical actors that

interact with social groups through the creation of networks. In turn, these interactions

establish diverse sociotechnological arrangements while shaping the ways in which

machines and artifacts are understood and conceptualised across cultures and time.

Finally, it is explored how, by the end of the nineteenth century, there was a favourable

combination of local and international conditions that constituted the historical context

for this case of technological adaptation.
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Introduction

In 1887, Mexican poet, journalist, and literary writer Manuel Gutiérrez Nájera

(1859-1 895) published La novela del tranvIa, a short story inspired by the mechanical

motion generated by steam power. Envisioned in much the same way as train travel,

the story possesses a point of departure and a final destination along with alternating

rhythms of faster and slower pacing as well as metaphorical stops at a number of

stations across Mexico City.1

Manuel Gutiérrez Nájera’s analogy linking train travel and plot has inspired the

writing of this dissertation. In it, I develop readings and interpretations of technological

artifacts during the Porfiriato, that period in Mexican history associated with the rule of

Porfirio DIaz between 1876 and 1910. Chapters are conceived both as stations and as

stops. Each station examines particular approaches toward technological artifacts,

particularly in relation to mechanical engineering as well as to social, political, and

material culture. In the same way, the methodological framework that holds the

analysis of this dissertation is envisioned as a railway network of technological artifacts

connecting all chapter-stations.

Gutiérrez Nájera’s analogy also aims to capture the centrality of machines and

steam power as historical actors in the process of Mexico’s mechanisation. For this

reason, and to undertake this task, this dissertation focuses on a case study, an iron

foundry called the FundiciOn de Sinaloa (Fundición or FS), and digs under the

mechanical skin of steam machines in order to provide insights into the building of

engines and their social and cultural effects within the context of Porfirian Mexico.

1 Years before, in 1880, French novelist Emile Zola explained in a letter to his friend Paul Alexis that the
novel, its order and narrative should imitate the steam engine. Zola’s La bête humaine emulated train
travel and plot becoming an aesthetic model for the novel’s spatio-temporal organisation. Cf. Kai
Mikkonen, The Plot Machine: The French Novel and the Bachelor Machines in the Electric Years (1880-
1914) (Amsterdam: Rodopi, 2001) 109-148. The sources for this background information and analysis are
my bachelor and master thesis, respectively. Both studies focus on Mexican intellectuals and their
cultural context during the Porfiriato. See Miguel Angel Avilés-Galán, ‘El Concepto del Tiempo en Ia
Prosa de Manuel Gutiérrez Nájera.” BA. thesis, Universidad Nacional Autônoma de Mexico, 2002, and
“Por donde se sube al cielo (1882): vision estética de Ia prostitución social y material de Ia mujer y el
arte: una doble metáfora en Ia novela inédita de Manuel Gutiérrez Nájera.” MA. Thesis, University of
British Columbia, 2004.



The FundiciOn was established in the port and city of Mazatlán, on the Pacific

coast of the State of Sinaloa (Maps 1 and 2). The foundry was the outcome of several

business partnerships and technical transformations that date to 1862. From 1891 to

1906, the period selected based upon available documentation, the foundry was the

only Mexican firm in the country producing engines and boilers by adapting state-of-the-

art steam technoscience.2 The FundiciOn was a family-owned industrial business in

which three partners provided the capital, the networks, the organisation and the

engineering knowledge. They were mechanical engineer Alejandro Loubet Guzmán

(1858-1 924) who, from 1883 to 1900, acted as the technical manager of the Fundición;

Francisco Echeguren y de Ia Quintana (1834-1911), local entrepreneur; and JoaquIn

Redo Balmaceda (1833-1 904), politician and local entrepreneur as well. These men —

from Spanish and French backgrounds— were investors in the northern Mexican states

of Sinaloa, Sonora, Durango and Baja California Sur. Over the years, they created a

2 In this dissertation there is no single meaning for technology as defined by the three most common
understandings: 1) physical objects as machines, 2) activities or processes, and 3) “know-how”.
According to Jacqueline Senker and Wendy Faulkner in Knowledge and Frontiers. Public Sector
Research and Industrial Innovation in Biotechnology, Engineering Ceramics, and Parallel Computing.
(Oxford: Clarendon Press, 1995), the notion of “know-how” is defined as knowledge that can not be
completely formalised or transmitted in writing (e.g. manual, book, dissertation, blue prints, designs), and
that because of its nature, requires mediation or personal interaction in order to be transmitted. Instead,
the concept of ‘technoscience’ focuses on the institutional settings (in this case an iron foundry) and on
the plurality of signifiers of technoscientific activity. For this reason, machine building and steam
technology, as practiced during the last decades of the nineteenth century, are considered as
technoscience. For example, mechanical engineering relies heavily on mathematics, geometry, physics,
and thermodynamics, to name a few scientific disciplines. But the activities of engineering, metal working
and machining all combine different sets of skills, knowledges and expertise that include other techniques
and practices developed in situ and not necessarily associated with scientific disciplines. In other words,
the production of engines and boilers achieved at the FundiciOn was a matter of technoscience. To clarify
my view, steam engineering was the outcome of tacit and codified knowledges, even art, and in the
practice, there was not a boundary dividing manual and artisanal techniques of the workshop from
scientific work applied to machine design. Historians Lewis Mumford, Technics and Civilization (New
York: Harcourt, Brace & World, 1934), 215, and John Desmond Bernal, Science and Industry in the
Nineteenth Century (London: Routledge and Kegan Paul, 1953), 251, had argued for a long time that the
steam engine developed with little support from science. For both authors steam engines were craft
inventions and scientists were indifferent to such artifacts. Milton Kerker (“Science and the Steam
Engine”, Technology and Culture 2:4 (1961), however, contested this notion and argues that “there has
been a long interaction between science and steam engine technology.” (382) For Kerker, the picture of
the steam engine that emerges from his historical analysis of steam power is certainly more complex than
mere empiricism operating in the artisanal workshop, far from science. Therefore, machine building
developed by engineers and workers of the FundiciOn de Sinaloa was certainly engineering and
production, but, at the same time, technoscientific practice and artisanal work carried out each time a new
engine was to be manufactured. For discussion on the concept of technology see, E. Bijker Wiebe,
Thomas P. Hughes, and Trevor J. Pinch, The Social Construction of Technological Systems: New
Directions in the Sociology and History of Technology (Cambridge, Massachusetts: MIT Press, 1987)4.
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cohesive group in which business partnerships were solidified socially by intermarriage

and the subsequent melding of extended families. By the 1880s, their businesses had

diversified and comprised substantial capital investments in industrial projects including

real state, landholdings, sugar mills, textiles, mining, and multiple manufactured goods.

In 1888, JoaquIn Redo negotiated a business contract3 with the Mexican federal

government which would have significant repercussions in the business life of the

Fundición. This commercial agreement boosted the production of steam machines and

helped to foster the technological system of the foundry. For that reason, this study

focuses on the nature of the relationship that was established between Porfirian officials

and the business partners of the FundiciOn, because it helps to illustrate how the

Mexican government and the owners of the foundry gave different meanings to

machines, in general, and steam power, in particular. In other words, the production of

steam machines embodied flexible social understandings of technological artifacts. In

retrospect, these men and their families exercised great influence in the social and

economic development of Mazatlán and Sinaloa. At that time, they were able to

develop extensive national and international political and commercial networks on a

sustained basis and, in the case of the Redos, their legacy reaches into contemporary

Mexico.

Ironically, this successful case of Mexican technological adaptation, as

performed by the Fundición, has been neglected as a chapter in the historiography of

technology.4 For this reason, the Fundición deserves thorough historical examination.

Cf. Archivo General de Ia NaciOn, Fomento, IndustrIas Nuevas (AGN-FIN), box 14, file no. 1, doc. 27,
printed copy of: Contrato celebrado entre Ia Secretaria de Guerra v Marina v el señor D. JoaciuIn Redo
para el establecimiento de un Arsenal y Fábrica de Mápuinas y Calderas en el Puerto de Mazatlán
(Mexico: Antigua lmprenta de MurguIa, Portal del Aguila de Oro nümero 2, 1889) 1-24.

The landmark in historiography of technology in Mexico is RamOn Sanchez Flores, Historia de Ia
TecnologIa y Ia lnvenciOn en Mexico. Introducción para su Estudio y Documentos para los Anales de Ia
Técnica (Mexico: Salvat Mexicana de Ediciones S.A. de C.V., 1980). Although this work is not an account
of steam power in Mexico, Sanchez Flores is still the best description of Mexican technological
development. Based on primary sources such as patent records, newspaper clippings and excellent
secondary documentation, Sanchez Flores traces the introduction of steam machines into Mexico in the
late eighteenth century, and provides good references for the nineteenth century. This work has become
an essential literature opening paths for research. Remarkably, there is no mention of the FundiciOn de
Sinaloa as the first Mexican manufacturer of steam engines and boilers.

At present, Arturo Carrillo Rojas in his book Los caballos de vapor. El imperio de las mápuinas durante el
Cañedismo (Mexico: Colegio de Bachilleres del Estado de Sinaloa, 1998) has been the first historian to

3



To the present, there are no studies that have investigated the development of

Porfirian-era foundries or how shop-floor knowledge and engineering knowledge were

practiced. Equally notorious is the absence of studies that substantiate the role of

steam power in Mexico and its impact in the socio-technological context.

Certainly, the lack of historical record and analysis is a challenge. Furthermore,

in the particular case of the Fundición there are no real equivalents to compare in

Mexico, either before or during the Porfiriato. For instance, the fireman raising steam in

an engine cab in the train from Veracruz to Mexico City and the boilermaker flanging

plates in a furnace inside the workshops of the FundiciOn were engaged in entirely new

occupations which had no real precedent in Mexico. Nor did, if one thinks of the

operations they were called upon to perform, rather than the nature of the finished

products, the mill-hands of Mazatlán and the northern regions of Sinaloa. Besides, if

one looks at technology from the point of view of mechanical engineering rather than

from that of economic input, which has been the traditional approach in the

historiography with focus on the Porfiriato, a totally different story emerges, one

concerned with machinery and mechanisation rather than industrialisation.

Focusing on the networking activities as developed by the owners of the

Fundición, this study moves back and forth, between local, national and international

contexts, with the aim of exploring the evolution of the design and manufacture of steam

machines. In this manner, four main contributions are introduced that may help provide

a better understanding of the Fundición, in particular, and of the sociotechnical

conditions of late nineteenth and early twentieth century Mexico, in general. All

contributions are more or less intertwined with the discussion about the production of

document the case of the Fundición de Sinaloa. For the purposes of this dissertation, his work is an
obligatory starting point. Carrillo Rojas developed a regional study with focus on how steam input played
a role in the growth of the industrial sectors of Sinaloa during the Porfiriato. His approach to technology
accounts for the production of steam machines as commodities for economic development. He puts
forward the idea that due to local expanding demand of steam power by regional manufacturers, the
business partners of the FundiciOn legitimised their investments in the large-scale production of
machines. Carrillo Rojas also argues that although steam machines were predominantly imported this
situation opened a market opportunity for the FS because foreign machinery required maintenance and
repairs. He does not explain, however, how the FundiciOn achieved its technological system or the
conditions that facilitated the adaptation of steam engineering. This historiography has also the value of
providing basic primary sources to document the context of the Porfiriato in Sinaloa and that of the
FundiciOn as well.

4



machinery, because, in Porfirian Mexico, machine building was an exception rather than

a common practice. Firstly, I utilise the concept of ‘translation’ instead of that of

‘transfer’ in order to explain how it was possible for the Fundición to adapt steam

technology to best suit the local conditions, and how they achieved the production of

steam machines on a large-scale and sustained basis. Secondly, I propose a different

conceptual approach, that of ‘mechanisation’ as opposed to that of ‘industrialisation’,

because the focus is on the evolution of steam technology and machines, rather than

the study of large-scale systems of production. Thirdly, a historical contextualisation of

Mexico’s fomento policy or industrial development is expanded here, in order to explore

ideas about material progress which in turn informed plans to mechanise the country,

as imagined by Mexican politicians, intellectuals and entrepreneurs. Fourthly, this study

focuses on the analysis of the sociotechnological effects that steam technology had on

Mexico’s material culture during late nineteenth century. Finally, based on the nature of

the primary sources that are available to us for studying the Fundiciôn, my

methodological approach is a visual analysis of the photographs and engineering

drawings of engines and boilers that were produced in the Mexican iron foundry with the

aim of retracing the possible paths of their technological practice.

Translation versus Transfer

In the context of the FundiciOn, mechanical engineer Alejandro Loubet became

one of the key players in the process of technological adaptation of steam engineering

in Mexico. Loubet’s training and knowledge led to the creation of two interconnected

systems for the FundiciOn: one for metal casting and the other for machine building.5

Both systems were suited to the local conditions and proved to be successful on a

large-scale and sustained basis. Considering this context, and in order to explain this

process of technological adaptation, one of the main contributions of this study is to

conceptualize this process as one of ‘translation’6rather than of ‘transfer’.

Loubet’s engineering training and education is further developed in Chapter-Station 1.
6 Translation has been defined by theorists of Actor-Network Theory (ANT). See in particular, Madeline
Akrich, and Bruno Latour, “A Summary of a Convenient Vocabulary for the Semiotics of Human and
Nonhuman Assemblies”. Eds. Wiebe E. Bijker, and John Law, Shaping Technology. Building Society.
Studies en Sociotechnical Change (Cambridge, Massachusetts: The Massachusetts Institute of

5



In general, translation attempts to capture the stock of local knowledges and

skills as represented by the FundiciOn. In contrast, the majority of economic historians

focusing on the Porfiriato has often argued that Mexico did not develop technological

capabilities at this time.7 They base this conclusion on the assumption that machines

are commodities and industrialisation solely the outcome of the importation of machines

Technology Press, 1992) 260-264; Michel Callon, “Some elements of sociology of translation:
domestication of the scallops and the fishermen of St Brieuc Bay”. Ed. John Law, Power, Action, and
Belief: A New Sociology of Knowledge (London: Routledge & Kegan Paul, 1986) 196-223; Bruno Latour,
Science in Action 1987.

Recent literature on technological change and technological transfer includes work by Edward Beatty
Institutions and Investment. The Political Basis of Industrialization in Mexico Before 1911 (Stanford,
California: Stanford University Press, 2001), a policy-linked study of the processes of industrialisation in
Mexico during the Porfiriato. Focusing on technology transfers into Mexico during the Porfiriato, Beatty
describes the building of national institutions that facilitated foreign investments and imports. In particular,
he explains how patent law reforms were used by Porfirian authorities as an incentive to expedite foreign
patentees that would encourage more investment in commercialising imported machines. At the same
time, he locates this process within a description of the developing national market that was oriented to
international competition. In general, Beatty accounts for the socio-economic relationships between
technological innovation and the formation of domestic markets and their demand for technological
infrastructure. Although his focus is not on the use of steam technology in Mexico or the case of the FS in
particular, Beatty argues that “Mexico’s access to foreign technologies was ultimately controlled by
foreign firms that manufactured the hardware. With rare exceptions, Porfirian-era machine shops were
nonexistent and the country could not and did not replicate foreign machinery”. (2001:119) He refers to
the case of the Fundición (in an endnote) as exceptional: “One exception was the Fundiciôn de Sinaloa
(or, the Compañia Nacional de Construcciones Mecánicas v Calderas, owned by JoaquIn Redo and his
partners), located in Mazatlán” (Endnote 38: 252). As stated by Beatty, Mexico’s technoscientific
capabilities are reduced to zero, and no previous technoscientific knowledge or technical traditions are
acknowledged. Indeed, the case of the FS represents one exception that deserves thorough
investigation.

For other studies on Mexico’s economic development with focus on industrialization, economic policies,
technology imports and its consequences, see Jeffrey Bortz and Stephen Haber, The Mexican Economy,
1870-1 930: Essays on the Economic History of Institutions, Revolution, and Growth (Stanford, California:
Stanford University Press, 2002); V. Bulmer-Thomas et al, The Cambridge Economic History of Latin
America (Cambridge, England: Cambridge University Press, 2006); Marcello Carmagnani, Estado y
mercado: Ia economla Düblica del liberalismo mexicano, 1850-1911 (Mexico, D.F.: El Colegio de
México/Fondo de Cultura Econômica, 1994); Mario Cerruti, Empresariado y empresas en el Norte de
Mexico: Monterrey: de una economIa de frontera a las alianzas estratégicas (1850-2000) (Chile:
Universidad de los Andes, Facultad de Administración, 2002), BurguesIa y capitalismo en Monterrey
1850-1910 (Mexico: Fondo Editorial de Nuevo León/Universidad AutOnoma de Nuevo Leôn/SecretarIa de
EducaciOn, 2006); John H. Coatsworth and Alan M. Taylor, Latin America and the World Economy since
1QQ (Cambridge, Massachusetts: Harvard University/David Rockefeller Center for Latin American
Studies, 1998); Sebastian Edwards et al, The Decline of Latin American Economies: Growth, Institutions,
and Crises (Chicago: University of Chicago Press, 2007); Aurora GOmez Galvarriato, La industria textil en
Mexico (Mexico, D.F.: Instituto Mora/Colegio de Michoacan/Colegio de México/ Instituto de
Investigaciones Históricas-UNAM, 1999); Stephen Haber, Industry and Underdevelopment: The
Industrialization of Mexico, 1890-1940 (Stanford, California: Stanford University Press, 1989); Stephen
Haber et al, The Politics of Property Rights: Political Instability. Credible Commitments, and Economic
Growth in Mexico. 1876-1929 (Cambridge: Cambridge University Press, 2003); Sandra Kuntz Ficker and
Paolo Riguzzi, Ferrocarriles y vida econOmica en Mexico. 1850-1950: Del surciimiento tardlo al
decaimiento precoz (Mexico: El Colegio Mexiquense, 1996); Leonor Ludlow and Carlos Marichal, Banca
v poder en Mexico. 1800-1925 (Mexico: Grijalbo, 1986).
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or of what they have called the ‘transfer’ of hardware that was introduced into the

country as the result of both European and American market expansion and the

Mexican government’s economic policy to attract machines and capital. Research for

this dissertation suggests that this explanation is reductionist and that the current

practice of using American economic and technological development as a theoretical

standard to compare and frame the analysis of Mexico’s economic and industrial

development is problematic. Equally problematic is the framework that informs the

concept of technology ‘transfers’ which is premised upon the assumption that sharing of

technology is as simple as merely transplanting technology from place to place.

Oftentimes, transfers are also conceptualized as ‘diffusion’ of technology. Diffusion is

based on the assumption that technologies of developed nations are essential to

economic and technological modernization of underdeveloped countries. But even if

only direct copying is taking place, in almost all cases a stock of local skills is required

that cannot always be easily found.

The technology transfer approach has also overlooked the fact that technology is

a system that requires many components to make it work and that resources may vary

from country to country. Furthermore, there are different alternative uses and different

ways of doing things even when dealing with the same machines or technologies.8 In

addition, the transfer approach does not consider the importance of imported machines

as means of technical exchange providing local workers with cognitive experiences of

learning-by-doing about artifacts. Equally relevant is the codification of machine

building knowledge as another technological path9 that facilitated the local adaptation of

Many countries, including Mexico during the late-nineteenth century, combined diverse technologies,
meaning animal and water power along with coal and steam power. Traditional ways of building and
constructing were not superseded by the allegedly new technologies and better ways of doing things.
Moreover, when technology is transferred from one country to another, modifications would be required to
make any technology work. See David Edgerton, The Shock of the Old. Technology and the Global
History Since 1900 (USA: Oxford, University Press, 2007). In particular, see Chapter 3, “Production,” (52-
74) where Edgerton calls into question the usual stories of production, including the notion of industrial
revolution in relation to the history of technology.

For an elaborated explanation of technological paths, see Paul A. David, “Path dependence, its critics
and the quest for ‘historical economics”, EconPapers, external link:
http:!/1 29.3.20.41 Ieps/ehlparers/050210502003.rdf. See also from David, “Why are Institutions the
‘Carriers of History’? Path Dependence and the Evolutions of Conventions, Organizations, and
Institutions”, Structural Change and Economic Dynamics 5:2 (1994) 205-220.
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steam-technoscience in Mexico. This study argues that the translation and codification

of machine building, as developed over the nineteenth century, were instrumental for

the Fundición in the creation of its own system of machine building.

To illustrate my understanding of translation and the applicability of this concept

with respect to the activities of the Fundición, consider the example of Loubet himself.

No one in Mexico during the Porfiriato better embodies the translation of different

engineering cultures across international settings than Loubet. He combined

knowledge from French and American engineering, along with shop-floor techniques

(theoretical and empirical). In this manner, Loubet synthesized a sizeable novel system

to design and build machines that might work for the Fundición. Loubet made several

translations of knowledges and skills that the transfer model does not serve to explain.

Instead, under the transfer model such translations will remain unexplored or would be

deemed as the mere introduction of know-how, or the incorporation of large-scale

production techniques. On the contrary, the translation model helps to analyse the

sociotechnical relationships between technological artifacts and humans, across

different settings and times, as Loubet was moving from Mexico to France and from

there to the United States, and then, back to Mexico, while integrating and adapting

machine building in the iron foundry of Mazatlán. Therefore, Loubet represents a

paramount example of how the applications of codified machine design and empirical

techniques enabled him to build steam machines. However, particular conditions in

Mexico had to come together in order to put into action the sociotechnical capabilities

needed for all of those involved in steam technology.

Mechanisation versus Industrialisation

Mechanisation is part of the historical process of technological change and

includes the necessary sociotechnological arrangements in order to create

technological artifacts. Moreover, mechanisation requires the reorganisation of

production, particularly the implementation of machinery to replace or to be combined

with craft institutions. The key features of mechanisation include the creation of

machine building systems and the betterment of machine design to foster the large

scale reproduction of artifacts. In other words, machines are not only components of
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large-scale industrial systems but actors that shape systems. Mechanisation also

conveys the messy complexity of integrating and organising artifacts, engineers,

financiers, machinists, politicians, fuels, manufactured goods, and more, irrespective of

disciplinary and knowledge boundaries. From this point of view, Mexico’s

mechanisation can be understood as interrupted processes of incorporation of steam

powered machines in response to social changes in the manufacturing conditions.

These social changes took place in different times and in diverse economically

productive sectors and geographical regions of the country, establishing conditions

favorable to mechanisation. For instance, ideas and plans both to introduce and

construct machines in Mexico date back to the 1750s, and were aimed at fostering

mining.10

In contrast, industrialisation is often viewed as an event which, in the case of

Mexico, happened in the early 1870s. Also, Mexican industrialisation has been

explained solely as the outcome of foreign capital that fostered the development of the

Mexican economy. But if one looks at the interrelation between the translation of

technology and the evolution of the thermodynamic machines which led to the design

and manufacture of steam engines, there is a dialectical relationship between

international and local conditions that facilitated and restricted the production of

machines in Mexico. This dialectical relationship has often been overlooked by those

employing a transfer framework and with focus on industrialisation. This study argues

that the interplay of both international and local contexts of steam-engineering made

possible the Mexican production of steam machines (Figures 2 and 3). That is why the

10 For examples about plans to introduce or locally produce machines during different historical periods,
see Ramón Sanchez Flores, Historia de Ia TecnoloqIa y Ia lnvenciOn en Mexico, 1980. Up to now, the
best study of Mexico’s mechanisation is Sergio Nicolai, “Algunas reflexiones sobre los orIgenes de Ia
mecanización industrial en Mexico (1780-1850)”, La cultura industrial mexicana. Primer encuentro
nacional de argueologia industrial (Monterrey, NL, 3-5 de iunio de 1999), Coord. Sergio Nicolai and
Humberto Morales Moreno (Mexico: Benemerita Universidad Autónoma de Puebla/Facultad de Filosofla
y Letras/DirecciOn General de Fomento Editorial/Comité Mexicano para Ia ConservaciOn del Patrimonio
Industrial, AC, 2003) 191-215. Nicolai explores, under the scope of global and local relationships of
industrialisation, different plans to mechanise the country with focus on the diverse ideas and
understandings developed by Mexican governments for the design of economic and political programs to
foster Mexico’s industrial development. His analysis, in my opinion, is perhaps the most convincing
historical explanation of the local conditions and obstacles that prevented the large-scale, domestic
production of machinery and machine-tools, during the nineteenth century.
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deliberate crossing back and forth between both contexts of technoscientific activity

must be considered.

The international context is characterised by the historical emergence of steam-

engineering (technoscientific knowledge of the mechanical applications of heat or steam

to devise steam machines) which fostered intense processes of mechanisation in

Europe and the United States (Figure 4). The goal of this study at this level is to

describe the sites and the conditions supporting the translation of steam machines and

steam-technoscience into Mexico. In the local context, the case study of the FundiciOn

indicates that people engaged with artifacts in different ways and developed situated

technical skills and knowledges about machines. As a result, this dissertation explores

the sociotechnical process through which European and American steam-engineering

was reshaped and adapted to suit Mexico’s setting and conditions (Figure 5). Thus,

when considering the national-international synergy of the networks of people that were

involved in machine building, it is plausible to explain, for example, how the owners of

the FundiciOn, in the late-nineteenth century, emerged as among the most powerful

industrial groups in Mexico. Yet, their importance transcends their monetary worth.

Fomento Policy or Industrial Development

The synergies between machines and people as well as the different sites where

translations took place in Mexico are crucial for understanding the local circumstances

under which the Fundición emerged. By such an emphasis, this dissertation illustrates

how authorities, businessmen, engineers, intellectuals and laypeople viewed machines

and how they constructed different ideas of the material progress that machines were

meant to fulfill during the Porfiriato. In other words, this dissertation argues that

The historical development of engineering practices and knowledges comprised a complex integration
of different ways of designing and building machines. This process also incorporated different
engineering traditions such as English, French or American, in the specific case of developing theoretical
and practical ways to construct steam engines and boilers. This evolution toward codified knowledge
was, indeed, messy, complex, and beyond of the limits of this study. However, in the chapters that follow,
comments and discussion will be introduced where appropriate. At this moment, I admit that the process
for the codification of knowledge applicable for machine building had different paths and involved tacit
knowledges developed by machinists and engineers in their situated practices. My claim is that the
combination and practice of both ways of machine building (tacit and codified) allowed the actors of the
FundiciOn to create their own system of machine production.
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machines were part and parcel of Porfirian life. For this reason, chapter-stations focus

on two sites or approaches to the subject. One site-approach is the relationship

between the FundiciOn and the Secretarla de Fomento or Ministry of Industrial

Development.12 The second site-approach to explore ideas about technology and their

social and cultural effects is Mexico City.

The nature of the relationship between the owners of the Fundición and Porfirian

officials reveals inconsistencies in the practice of fomento policies, controversies, and

the different meanings that people gave to machines. Business owners of the

Fundición were not only a group of Mexican profit-oriented entrepreneurs advocating

the necessity of mechanical work. They were, at the same time, machine builders

concerned with manufacturing steam engines that would produce economical and

effective mechanical power. Owners, engineers and workers at the ES experienced the

difficulties, for example, in achieving a fit of piston to a cylinder in a steam engine. In

addition, when considering the context of Porfirian Mexico, this case of machine

building also illustrates how different actors developed, at times, contradictory practices

when adapting steam-technoscience to different goals, such as economic growth,

mechanical work or efficient industrial production. Furthermore, the historical analysis

of fomento policy reveals a long path of associations between ideas of material

progress and different plans to mechanise the country that constitutes the background

for the Porfirian policies of fomento. Other relevant aspects in the nature of fomento, its

practice and incorporation within economic and fiscal plans, are further developed in the

chapter-stations.

Steam Power in Porfirian Material Culture

During the Porfiriato, Mexico City was the scenario for the construction of

national icons, many of them direct products of the mechanisation of the country that

included the introduction of railways, urban trams, steam engines, manufacturing

12 From now on, I will refer to the Secretarla de Fomento as Fomento. When discussing policies
administered by this government’s agency, I will use fomento policies. On official documents, since 1873,
the full name has been Secretarla de Fomento, Colonización, Industria y Comercio. See Archivo General
de Ia Nación (AGN), secciOn Fomento, Industrias Nuevas (FIN), in GalerIa 5, Mexico, City. For future
references, I will use AGN or AGN-FIN when citing sources obtained from these archives.
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machinery, the electrification of public spaces, and more of the like. Steam

technoscience transformed nature, society and culture in Porfirian Mexico.

Mechanisation not only provided the input for economic growth but also the path to the

global economy shared by the industrialised nations of the age. Machines put Mexico

in the globalised world of markets, goods, energy, steam-technoscience, and capital.

These transformations also changed, in particular, the printing press. By the

late-nineteenth century, Mexico’s material culture was fast expanding at a velocity

dictated by technological improvements in printing and graphic reproduction that made

possible the emergence of a new market for print media. Porfirian writers such as

Manuel Gutiérrez Nájera became Modernist icons due to their creative work as

chroniclers in many of the newspapers of the time.13 In other words, the literary work of

Gutiérrez Nájera was shaped by the mechanical city that Mexico’s capital was

becoming. A twofold synergy between print media and creative writers emerged. Print

press methods changed literary writing and, at the same time, literary writing

transformed the printed press. Newspapers constantly circulated photographs and

demanded that writers use chronicles, not poems or novels, to describe consumer

goods and inventions, mainly new machines. Readers increased as literacy advanced

and newspapers multiplied in urban centers. Other advertising means, such as pulp

fiction, billboards, handbills, posters and trade cards, combined text and images as they

contributed to the visual and literary culture of the Porlirian cities. In this context,

machines and technology had diverse symbolic social meanings, as for example,

machines became symbols of progress and civilisation. A cultural response to

machines was Gutiérrez Nájera’s La novela del tranvIa (1887). Gutiérrez Nájera

transformed machines into literary characters epitomising technological modernity. For

him, Mexico City was the arena where tradition and modernity collided, and Mexicans

from all venues were equalised as citizens.

13 Miguel Angel Avilés-Galán, “El Concepto del Tiempo en Ia Prosa de Manuel Gutierrez Nãjera”.
Diss. Universidad Nacional AutOnoma de Mexico, 2002, and “Por donde se sube al cielo (1882): visiOn
estética de Ia prostitución social y material de Ia mujer y el arte: una doble metáfora en Ia novela inédita
de Manuel Gutiérrez Nájera”. MA. Thesis, University of British Columbia, 2004.
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At the same time, the mechanisation of the printing press facilitated the

emergence of discourses of technoscience that combined imagery of machines and

ideas of material progress. Such cultural expressions fostered Modernismo,14 the

letrados or lettered class’s response to the effects of mechanisation on everyday life. 15

During the last three decades of the nineteenth century, Mexico City became the locus

for the expression and development of Mexican Modernismo. This cultural expression

was the local response to the shaping of foreign technoscience that carried with it

uneven social developments and triggered political disputes between liberals,

conservatives, businessmen, and intellectuals over understandings as to how to

modernise Mexico. Artistic production, literature, and the arts had a direct effect on the

way technoscience was perceived and how it was used. Machines and industrial

processes reshaped labour, social classes, lands, rivers, cities and ideologies. As a

result, technoscientific modernity in Mexico was emerging in the interplay of culture,

society, politics, economy, nature, and the mediating enframing of Modernist’s

discourses. Accordingly, in the social imaginary of the Porfiriato, both machines and

discourses of technoscience were key agents. For example, many scientific theories

and machines were initially translated to Mexico as cultural representations in

newspaper articles, drawings, books, literary productions and chronicles spread by

foreign travelers. Representations, including descriptions and symbolisations, connect

meanings and language between members of a culture. Images, signs and languages

14 ‘Modernismo’ constituted one of the first Latin American examinations of the contested relation
between literature, the experience of writing, and power during the last decades of the nineteenth
century. Its context was characterised by economic and industrial development, mechanisation, the
formation of nation-states and the social professionalisation of literature. The subordination of writers and
literature to a division of intellectual labour was one of the key processes that distinguished intellectuals
and their social role. Modernismo was characterised by the appropriation of French Symbolist aesthetics
into Spanish-language literature. Among other of modernismo’s significant traits were its cultural
cosmopolitanism, philological concern with language and literary techniques, and, especially, its
journalistic strong predilection for novelty. Despite the original splendour of modernista poetry,
Modernismo is now understood as a broad movement with a strong impact on prose genres such as
short story, novel, literary essay, and the journalistic crônica or chronicle. In Mexico, Manuel Gutiérrez
Nájera has been credited of initiating the modernista aesthetic. See AnIbal Gonzalez, A Companion to
Spanish American Modernismo (Woodbridge, UK: Tamesis, 2007); Julio Ramos, Divernent Modernities.
Culture and Politics in Nineteenth-Century Latin America (Durham and London: Duke University Press:
2001) and Emil Volek (Ed.), Latin America writes back: postmodernity in the periphery: (an
interdisciplinary perspective) (New York: Routledge, 2002).
15 Cf. Angel Rama, La ciudad letrada (Hanover, N.H.: Ediciones del Norte, 1984), and Julio Ramos,
Divergent Modernities. Culture and Politics in Nineteenth-Century Latin America (Durham and London:
Duke University Press: 2001).
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about inventions and their fabulous applications arrived first into the intellectual and

academic groups before the society at large. The artifacts of technoscientific progress,

such as engines, water pumps, telegraphs and telephones, arrived later. In brief, the

translation of foreign technoscience was the product of continual negotiations and

shaped by the mediation of cultural representations that described Porfirian culture as

tech noscientific.

During the Porfiriato, these artistic actor-networks were bound by the constraints

of economic and urban development, institutionalised education, and politics. At the

same time, the actor-networks involved in the activities of steam technoscience were

delimited by the restrictions of codified knowledge, geography, natural resources,

economic setting, government policy, and more. In the final run, however, the artistic

actor-networks of Modernismo developed and created a unique worldwide cultural

influence that resonated in Europe and the United States. In contrast, efforts made by

actor-networks to create local technoscientific capabilities did not develop a Mexican

technological path for the production of machinery, nor did those efforts serve to foster

innovations in steam-technoscience or new applications that could have maintained

Mexico’s mechanisation without depending on the importation of machines. Preliminary

findings in this dissertation show that because machines meant different things to

different social groups a consensus was never reached that could have facilitated and

organised a national initiative to enhance technological capabilities. This ‘technological

flexibility’, the symbolic dimension of technoscience and the different ideas and uses

that actors gave to machines and technoscientific knowledge in Mexico, is another

associated phenomenon that fostered the translation of foreign technology and

machines until the early decades of the twentieth century.

Visual Analysis of Historical Material: A Methodological Approach

Paul Virilio, quoting from French historian Marmontel (1723-1 799), said that “The

arts required witnesses.”16 In the same fashion, technoscientific artifacts require

witnesses too. When I first put together the images of engines and boilers in the

16 Paul Virilio, The Vision Machine (London: British Film Institute, 1994)1-2.
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GalerIa 5 of the AGN in Mexico City, a visible world from Mexico’s historical past was

revealed to me. I realised that I had become a witness to material culture, that the

machines I was looking at were latent images taken from an old camera. But the

images were also virtual machines, artifacts that really existed some time ago in

Mexico, in the Fundición, re-created by means of photographic devices. These visual

embodiments replaced real objects that did not survive the passing of history, and

otherwise would remain unseen and unknown by us today. However, the images of the

machines, from my present perspective, are snapshots of a past reality and constitute

the core of the evidence for this dissertation.

Yet the visual nature of the archival sources and the limited corporate records

that exist concerning the FundiciOn have been a major challenge for this dissertation.17

The bulk of useful documents to study the steam machines produced at the workshops

of the Fundición are photographs and engineering drawings. A very limited body of

textual documents, many of them pertaining to bureaucratic correspondence and less to

technical information, is also available. These photographs are at the Archivo General

de Ia NaciOn, Fondo Industrias Nuevas (AGN-FIN), as part of the official documents of

Fomento —from 1876 to 1907— including more than one hundred images and no less

than seventy engineering-drawings of both engines and boilers. Consequently, the

visual nature of the primary sources suggested that the best approach for historical

investigation was a visual analysis based on a selection of forty-nine photographs:

seventeen of engines and fifteen of boilers, along with nine engineering drawings of

17 In 2007, during my research in the Centro de Estudios de Historia de Mexico of CONDUMEX, the head
librarian told me that in 1990, the heirs of Joaquin Redo, one of the owners of the Fundición, created the
Sociedad JoapuIn Redo y Socios which contains the family’s papers. Before July 2008, I did not have
access to consult the Redo’s papers due to the current legal claims between the Redo heirs and the
Mexican government. During the 1970s, Federal administrations expropriated sugar mills in Culiacán that
belonged to the Redos, and it seems that legal actions are still pending. Additionally, in November 2007, I
contacted descendants of the Loubets in Mazatlãn (another owner of the Fundición) but no further
information was found. On July 2008, thanks to Dr. Alonso MartInez Barreda, from the History
Department at the Universidad Autónoma de Sinaloa, I was granted access to examine the Redo’s
papers. Although I found information relative to the ES, however, technical records regarding costs of
production, payrolls, shipments and invoices, among other crucial information were not found. The
archives are stored in more than fifty boxes of unprocessed and unorganized material, with a still
undetermined number of papers and files that require thorough archival cataloguing.
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engines and eight engineering drawings of boilers.18 For this reason, I have considered

the photographs as texts19 in order to re-establish the technoscientific materiality of the

machines. In a methodological double twist, as engines were the products of heat-

power generating technology, the photographs of these machines were the outcome of

image-generating artifacts that serve in this investigation as embodiments of real

machines. In other words, I attempted to give textual body to visual forms with the aim

of re-constructing the embedded technoscience in the machines.

Upon a close examination of the images, some details began to be clear. For

example, the author(s) of the photographs is (are) unknown. All images were

composed in black and white and the oldest dated to 1891. The photographs were

meant to be included in technical reports produced by Natividad Gonzalez, the engineer

inspector appointed by the Secretarla de Fomento. In their time, these photographs

constituted visualisations aimed at pertinent authorities in Fomento to enable them to

identify and allocate payments for every engine produced. In general, the information

provided by the photographs is not consistent. In some images, the name of the

purchaser was written on a plaque along with some technical details such as machine

number, amount of horsepower, flywheel dimension, valve system, and, sometimes,

there was mention if the machine was a double-acting or single-acting engine. In a

couple of images, some (presumably) workers of the FundiciOn posed with the engine.

But the majority of images were taken using a plain backdrop, in the absence of other

machines, workers, workshop facilities or any other kind of object. In a more technical

sense, the photographs, the images of machines, acted then as virtual and real

machines; as legal evidence to administer funds and payments; and now, as virtual

machines subject to historical investigation.

18 Source: AGN-FIN, boxes 14 to 17. For future references, these photographs are marked as El to E17
for engines; Bi to B15 for boilers; DEl to DE9 for drawings of engines, and DBI to DB8 for drawings of
boilers.
19 am informing my visual analysis based on the semiotic conception of the virtual machine as
developed by Gilles Deleuze in Difference and Repetition (London: Athlone Press, 1994). The semiotic
idea of the virtual machine facilitates the visual analysis of real artifacts situated in the past as real
objects and as embodiments displacing the borders of time and space, while emphasising that machines
are derivative of other machines. In other words, for the purposes of this study, I am looking at the same
artifact situated simultaneously in two different temporalities: past and present.

16



Despite the appealing nature of photographs and drawings, however, this body

of evidence offers no information about what might have been the labor conditions of

workers inside the FundiciOn. This subject remains to be addressed and will not be

dealt with in the dissertation. In addition, due to the lack of corporate documents on this

issue (including all those documents that are still in disarray and requiring thorough

cataloguing), this study acknowledges the existence of this important gap in the

networks and technological systems of the FS. Eventually, other aspects such as the

nature of the workers’ relationships among themselves and in relationship to the

Echegurens, the Redos, and Loubet; how workers were organised and mobilised to

carry out their specific tasks; and in what ways they could have practiced their

techniques and knowledges while working in the workshops of the Fundición, will have

to be filled in by further research. Yet in the developed chapter-stations, a provisional

explanation has been given concerning the sociotechnical nature of workers of the

Fundición based on secondary sources. In addition, this provisional explanation aims to

retrace the technological practice of machine builders —in general— as it was

developed in other countries at the time.

To sum up, my visual analysis of the machines built at the Fundición involved

acts of viewing that required specialised practices of representation —not sight, but

insight. As a result, to de-codify the visual it was also necessary to use pertinent

mechanical engineering theory and semiotic approaches to machines to articulate an

historical interpretation of these steam machines as to how it is likely they may have

been conceived by designers and engineers. In this manner, I have reconstructed how

the technological system of the FundiciOn may have been constructed as well. Put

simply, from the photographs and engineering drawings of machines, my aim was to

determine their reality, their concrete embodiment in assemblages that made possible

their structure. In this sense, the visual analysis constructs or reconstructs reality by

opening it up to actualisation.

II.

In continuing with the analogy of train travel and the conception of chapters as

stations and stops, the point of departure in this dissertation is from under the
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mechanical skin of machines. An adequate understanding of the inner workings,

components and machine systems is essential to study the efforts made by actors of

the Fundición to produce steam engineering. But, as may be obvious after this

introductory outline, despite this concentration on the engineering context, the subject

matter of technoscientific artifacts is so rich in aspects, structures, and dimensions that

one single study cannot aspire to cover it all. Instead, the travel is confined to

investigations of technoscientific artifacts under a variety of viewpoints that pertain to

the evolution of steam engineering and the social and cultural context of the Porfiriato.

If this investigation, nevertheless, offers more than just a collection of travels of

exploration and analysis that deal with some aspects of machines, steam power and

mechanisation, my confidence in doing so rests on the conviction that it offers readers

an understanding of many aspects of the topic that are fundamental for studying

technoscientific artifacts. The seven parts into which the study is divided represent

these aspects. Their respective focus can be indicated as follows.

Chapter 1 represents the ‘engine’ that hauls the train travel of this dissertation. It

examines, from an international perspective, the inner workings of machines. The focus

is on the required materials and techniques to cast and assemble machine parts

according to the steam engineering developed during the nineteenth century. In this

manner, this chapter-station reinforces the analysis of the machine building carried out

by actors at the FundiciOn. In order to understand the evolution of machine

components, building materials, tools, design, and the combined function of engines

and boilers, it is essential to introduce basic concepts of steam-technoscience that will

facilitate the sociotechnical analysis of the ES as an industrial organisation based on the

construction of systems and networks.

Chapter 2 works as the ‘chassis’ that holds the body of the engine. It focuses on

the reconstruction of technical capabilities that were developed by engineers, workers

and owners of the FundiciOn to explain how they achieved the production of steam

engines and boilers. This chapter analyses how tacit, codified knowledge, system

building, and organisational principles are conveyed in machine engineering. Finally, to

show how machine-building principles reached a universal application in the production

of steam machines and how designs became standardised after the 1850s, a
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comparison is made between examples of machines manufactured in other parts of the

world with the engines and boilers built at the Fundición.

Chapter 3 embodies the ‘design’ phase for the construction of machines. It

explores the role of visual representation in the translation of technoscientific knowledge

based on the analysis of engineering drawings of engines and boilers built at the

FundiciOn. By exploring the impact of graphic systems on the visual culture of

engineering design, this section shows how actors of the FundiciOn used drawings to

organize work, knowledge, and resources, and to negotiate visualisations of machines

and their power relationships with Fomento authorities. Drawing on Henderson’s

concept of ‘metaindexicality’20—the ability of a visual representation, used interactively,

to combine many diverse levels of knowledge—this chapter attempts to explain why

visual representations serve as a meeting ground for many types of actors and for

negotiating their interests.

Chapter 4 comprises the ‘the moving gear’ for networking and system-building. It

describes how inside actors of the ES mobilised outside actors and created interactions

between local and international networks. The evolution of the FundiciOn is described

as ‘negotiations’ between businessmen, partnerships, government contractors, and

local firms, with a focus on the interactions between actor-networks. Thus, the analysis

traces the strategies and contingencies that led to the creation of networks, the fate of

the actors, both owners and managers, as they sought to shape both networks and

control the relations between them, and the progressive collapse of the business when

their relationships finally declined.

Chapter 5 structures ‘the frame’ on which the train moves forward and backward

in time and space. It has two purposes. Firstly, it offers a historical review, from the

1780s to the 1870s, of the many plans to mechanise Mexico’s industry as the

background for fomento policy or industrial promotion. It also shows how plans of

mechanisation became a contested issue in the political agenda of different

administrations, shaping the perceptions of politicians, businessmen, intellectuals, and

20 Kathryn Henderson, On line and on Daoer: visual reDresentations, visual culture, and computer
graphics in design engineering (cambridge, Massachusetts: MIT Press, 1999).
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the country’s emerging urban classes as to what was understood as progress. By

contextualising the historical transformation of fomento policy, the notions of material

progress, and the process of mechanisation, the purpose is to explain how the Porfiriato

created a sociotechnical conflict between fomento, on the one hand, and educational

and economic policies, on the other hand, that sustained the country’s dependence on

foreign technoscience and machines.

Secondly, based on the context of fomento policy and its synergy with ideas of

material progress, this chapter-station provides new insights on the different social

understandings that actors had about steam machines during the Porfiriato. The

analysis focuses on the Contract of 1888 celebrated between Secretarla de Guerra y

Marina and JoaquIn Redo who, in 1891, became a business partner of the FundiciOn.

Drawing on the historical conflict between Porfirian policies enables us to understand

how actors of the FundiciOn, businessmen, and government officials understood steam

power, and how machines were conceived as fundamental to imagining a new shared

culture in Mexico.

Chapter 6 is envisioned as ‘the train cabin with a view.’ It describes how steam

engines, locomotives, and tramways became part of Mexico’s material culture and

assumed the nature of national landmarks. The analysis focuses on how artifacts

shaped social understandings of progress. The sites for the most important

manifestations of material progress were the urban centres, in particular, Mexico City.

The capital city was the privileged locus of the Porfirian elite for the advancement of

Mexico, crystallised in the form of public works, lighting, urbanisation of public space,

sanitary and health infrastructure, and more. However, the scope of this chapter is

limited to the social and cultural relationships between Porfirian society and machines.

Aspects such as modernisation, urbanisation, ideal images of the city, and more of the

like are not part of the analysis but such dimensions will be considered when pertinent.

Chapter 7, or ‘the virtual machine’, draws its methodology from semiotics, art

history, social and cultural history. The evidence for analysis and interpretation consists

of a sample of seven photographs of engines built in the FundiciOn. The aim is to

consider the object/image relationship of machines, their materiality, and the ways in
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which the aesthetic of machines (the look, feel, sound and other sensations produced or

stimulated by machines) became part of Mexico’s material culture. In other words, a

visual analysis of machines and their aesthetics as part of Mexico’s fin de siècle

material culture is carried out. Within this context, technoscientific images and artifacts

comprise the narrative of this chapter-station with focus on the image content of

photographs that represented the Mexican golden age of the machine.

To a certain extent, the arrangement of chapters-stations reflects main stages in

the historical development of steam power and thermodynamic machines but in

reference to the local conditions of the Porfiriato. After Chapter-Station 1, which

provides an analytical approach to the role of codified and tacit knowledges and

machine design, Chapter-Stations 2 and 3 discuss the implementation of machine

building infrastructure and the use of engineering drawings as part of processes that

actors of the FundiciOn had to put in practice for the production of machines,

respectively. Whereas Chapter-Station 3 contains an outline of the role of engineering

plans in the machine building of the ES, Chapter-Station 4 presents the evolution of the

FS as an industrial business that achieved its mature stage with Alejandro Loubet and

JoaquIn Redo in the last decades of the nineteenth century. Chapter-Station 5 outlines

the historical context in which the FundiciOn developed its political networks with the

Mexican government, in particular, under the scope of fiscal and industrial policies

called fomento. Finally, Chapter-Stations 6 and 7 move away from under the

mechanical skin of engines, and instead, focus on the visual analysis of the

photographs of the engines built at the Fundición, to illustrate the visual culture of the

Porfiriato, as imagined by Mexican intellectuals, artists and politicians.

This dissertation concludes, in a preliminary fashion, that, in the case of the machine

building achieved by the FundiciOn, positive direct links between technical adaptation,

translation of engineering cultures and steam-technoscience, on the one hand, and the

development of Mexico’s mechanisation, on the other, were slow to emerge. In Mexico,

although engineering education dates to late-eighteenth century, it did not develop

sufficient ways to train machine builders. The training of machinists or how they

learned their trade during the entire nineteenth century is full of gaps, many of them due

to wars, economic and political interruptions within the country, but many others due to
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the lack of historical documentation on the subject. However, the emergence of

machine builders in Mexico increased until the last decades of the nineteenth century,

as the case study of the FundiciOn indicates, coinciding with Mexico’s growing process

of mechanisation. At the time, during the Porfiriato, when engineers finally entered the

machine building business, they did so not as scientists envisioning theories but as

managers, like Alejandro Loubet did in the FundiciOn de Sinaloa, possessing

considerable organizational tools such as mechanical drawing, knowledge of the latest

engine design, and a systematical approach to technical problem-solving.
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Chapter-Station 1: Under the Metallic Skin of Steam Machines

Machine: 1549, “structure of any kind,” from Middle French machine “device, contrivance, “from
Latin machina “machine, engine, fabric, frame, device, trick” (cf. Spanish, máquina, Italian,
macchina), from Greek, makhana, Doric variant of mekhane “device, means,” related to mekhos
“means, expedient, contrivance,” from Proto Indo European maghana- “that which enables,” from
base magh-” to be able,” have power. Main modern sense of “device made of moving parts for
applying mechanical power” (1673) probably grew out of 17th century senses of “apparatus,
appliance” (1650) and “military siege-tower” (1656). Machinery (1687) was originally theatrical,
“devices for creating stage effects”; meaning “machines collectively” is attested from 1731. The
verb is from 1915. Machine for living (in) “house” translates Le Corbusier’s machine a habiter
(1923).

A magical chain brings together plant life, pieces of organs, a shred of clothing; an image of
daddy, formulas and words: we shall not ask what it means, but what kind of machine is
assembled in this manner -what kind of flows and breaks in the flows, in relation to other breaks
and other flows.

Deleuze and Guattari, Anti-Oedipus (1983: 181)

The history of the proletariat in England begins with the second half of the last century, with the
invention of the steam engine and the machinery for working cotton. These inventions gave rise,
as is well known to an industrial revolution, a revolution which altered the whole civil society; one,
the historical importance of which is only now beginning to be recognized.

Friedrich Engels, The Condition of the Working Class (1 845:15)

The first time I looked at the engineering drawings and photographs of the steam

machines that were built in Mexico by the FundiciOn, my first thought was to understand

how they managed to do it. In a country where technological practice during the

nineteenth century was the exception rather than the rule, and considering that our

knowledge of Porfirian era work-shop techniques is still very limited, the case of the

Mazatlán foundry posed an historical challenge to our understanding of technological

adaptation as developed by the owners, engineers and machinist that worked for the

Fundición.

Notwithstanding the lack of corporate records, business transactions or even any

surviving engines that might have helped to focus and make a more concise descriptive

account of the specifics of the FundiciOn’s steam machine manufacturing, this study of

this rarely explored chapter of Mexico’s history of technology proposes that an

approach based on visual analysis provides the best means of establishing the basic

building blocks of steam engineering during the late-nineteenth century.

Drawing from the pioneering work of John Womack on Mexican industrial history,

I was inspired not in writing about a particular worker’s work, or craft, but about all the
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work that was necessary in an iron foundry to build steam machines. At the same time,

like Womack, I wanted, from the moment I saw the old photographs of the engines and

boilers, to see the machine building process with an engineer’s eye.21 In doing so, this

chapter-station probes under the metallic skin of steam machines to propose an

examination of how engineer Alejandro Loubet, his business partners (the Echegurens

and the Redos), machinists and workers of the FundiciOn could have managed to

develop a system to construct steam machines. To be more precise, my narrative

attempts to picture not only industrial work inside a foundry, but to show its necessary

mechanical, manual, theoretical and empirical details.

To achieve this goal, I am interpreting the photographs and engineering drawings

of the engines and boilers built in the FundiciOn’s workshops in order to recover their

technical practice. For this reason, based on the inference of technical practice from

engineering treatises and sources from other parts of the world, as developed by

machine builders and theorists at the time, I explore what was indispensable, in any

part of the world, for building engines and boilers. 22 I argue that the machine builders

of the FundiciOn adopted and adapted a universal method characterised by specialized

techniques, such as metal casting, the use of cast iron and steel, the design of engines

to consume coal or to run under specific workloads, and other mechanical features like

steam valves, and multiple intermediate steps, like, for example, bending, machining,

boring, cutting, riveting, joining, and more of the like, that were shared and practiced

21 See John Womack Jr., ‘Doing Labor History: Feelings, Work, Material Power”, The Journal of the
Historical Society, 3(2005) 261.

22 was not able to find, in the vast historiography of steam power or in the literature about industrial
technologies, in particular those focusing on machine builders, any useful technical description or finely
detailed accounts showing how steam engines were built. The multifarious manufacturing steps that were
involved, the way that workloads were assigned, and even the description of the sequence or specific
techniques that machinists and workers must have followed, including the repetitious operating of
machineries in the foundries are not part of the many accounts of labor and business history that I
consulted. I often wondered where the shop floor was or how many workers contributed —somehow or
other— to making any technological artifact. Most of these books gave no sense at all of all the work it
took, even in a particular firm (or institution), for its production to happen. For these reasons, I found
mechanical engineering manuals and treatises from the nineteenth century that provide detailed
narratives about, for example, machining, riveting, or constructing a steam valve, to be very useful. These
secondary sources are cited accordingly in each of the chapter-stations that follow including the final
Appendixes.
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internationally among engineers and machine builders.23 In other words, the early

development of steam power technology, in general, can be understood as a process of

technological specialization which led to various engine designs produced with the aim

of fulfilling the requirements of distinct users’ settings.

Yet, steam engine manufacturing processes were sufficiently adaptable and

extensible to encompass additional inputs and operating heuristics from floor managers,

engineers, skilled machinists, and any other individuals who were directly involved in

the machine building. In general, machine builders designed systems to give structure.

But sometimes, their knowledges and systems tried to force a structure onto what was

essentially incomplete, vague, and possibly inconsistent knowledge. My point is that, in

the real world, people more or less manage to muddle along regardless.

Certainly, in the context of the FundiciOn, and based solely on the visual

evidence, is not possible to describe what might have been the concrete step-by-step

processes and techniques that were implemented, or how workers were specifically

organised and their tasks assigned. However, even when they followed concrete

engineering and mechanical essentials, and workers and technicians completed their

work loads, and foremen gave instructions to less skilled workers to accurately machine

a flywheel, the specific settings where they worked shaped the ways they practiced and

adapted their own machine building. This means that machine building was the

outcome of a situated practice, in this case the result of the local and regional

sociotechnical conditions of the Mexican context that shaped the process of building

machines and the artifacts produced. In other words, each time a method to build steam

machines was used, it was used by people. Their situations, skills, and personal

23 Janet Knoedler and Ann Mayhew have found evidence to support the claim that during the late-
nineteenth century engineers in Europe and the United States advocated industrial standardization. This
process included the creation of laboratories for extensive industrial research in order to standardize
certain products that were used to manufacture other products or components according to specifications
required and/or designed by manufacturers, suppliers and clients. A case in point was steel production.
Cost-ratio efficiency, waste materials and other considerations played a role in the efforts made by
engineers toward standardization of production. See from the authors, “The Engineers and
Standardization”, Business and Economic History 23:1 (1994) 141-151. In the particular case of steam
engines, steel was the basic building material by the turn of the nineteenth century. The relationship
between machine building materials and machine design is developed in the last stations of this chapter.
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preferences shaped almost everything that happened inside the workshops. This

interplay of situations, skills, knowledges and preferences within engineering and

machine building comprise the context of situated practice.

In general, machine building techniques emerged within a process of codification

of machine building that put together tacit knowledge and empirical practice with high-

status theoretical knowledge on machine design. But regardless of the method of

machine building that engineers and skilled workers may have followed, it was far from

a rigid system. The manufacturing of steam engines was part technical, part scientific,

and part artisanal. The process, certainly, was slow, hot, dirty, and relatively

dangerous. Resources, materials and skilled workers most likely would have differed

from place to place. In addition, a considerable amount of technical troubleshooting was

required. Consequently, practical experience and knowledge was a valuable

commodity in the business of building steam machines.

In the case of engineers and machinists working in the FundiciOn, they most

likely developed their machine building in a situated practice. They had choices to

make, difficulties to avoid, and opportunities for creativity throughout the process. In

particular, Loubet’s French training and engineering education was of most use when

combined with a hands-on job approach and practical experience in machine design

enhanced while working in the United States. As a result, Loubet likely developed

better applications of his job knowledge and performance that enabled him to organise

the system of machine building in the Fundiciôn. Yet, to clarify the dynamics of situated

practice, let us consider that Loubet’s training and knowledge was shaped by specific

contexts such as the French and the American, and then that of the Mazatlãn foundry.

But at the same time, Loubet, while interacting in different settings, was capable of

adapting his skills and training as required. Such technological translations shaped

almost every aspect of what may have happened inside the Fund iciOn. Thus, Loubet’s

adaptation of machine building was developed in a situated practice.

Considering the different engineering traditions that made possible the

technological adaptation achieved by the FundiciOn, the following background focuses

on the historical process of machine building in France and the United States in order to
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understand the level of skills of many French and American engineers during the 1 870s

as well as the character of their industry and of the engineering cultures in which they

operated. It is important to bear in mind that the translation of engineering cultures into

Mexico helped generate a unique machine building system adapted a la mexicana or

Mexican style. In this new environment, the machine building practiced in the Fundición

acquired a functional model that had at the same time the strength and flexibility of

interpreting and adapting steam technoscience. Yet there is really no direct evidence

as to whether university or empirical training was the most efficient way to produce

engineers, in particular during the nineteenth century in Mexico.

For these reasons, the purpose of the following stations is to reconstruct the

possible paths that Loubet and many skilled workers might have followed in the

FundiciOn in order to build machines, based on the historical contextualization of steam

engineering and on an understanding of the basic operation of both engines and

boilers.24 This contextualization, however, is not intended to explain the emergence or

evolution of different engineering cultures, neither to undertake a comparative analysis

of machine builders established in other regions of the world that could have shaped the

ways of building machines at the time. Instead, pertinent secondary sources are used

to show how machine building was theorised and practiced, and to explain how this

technology may have been adopted and adapted, that is, ‘translated’ in Mexico to suit

local conditions.

24 See Appendix 2 for more technical information regarding steam machines as developed during the
nineteenth century including, for example, the classification of engines, the most common types of
boilers, the basic coupling and operation of both engines and boilers, building materials and tools.
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Station 1.1. Mechanical Conundrums: French and American Engineering

“It is clear from the preceding that every “art” [technique] has its speculative and its practical side.
Its speculation is theoretical knowledge of the principles of the technique; its practice is but the
habitual and instinctive application of these principles. It is difficult if not impossible to make much
progress in the application without theory; conversely, it is difficult to understand the theory
without knowledge of the technique. In all techniques, there are specific circumstances relating to
the material, instruments and their manipulation which only experience teaches.”

Denis Diderot (171 3-1784), “Arts” in the Encyclopédie.

Alejandro Loubet (1 858-1 924) was a key player in the machine building process

of the FundiciOn. He was educated as a mechanical engineer at the École d’Arts et

Métiers from 1874 to 1877.25 In the nineteenth century, the Écoles were schools that

belonged to the lowest stratum in the French educational technical system, specifically

intended to train artisans, mechanics, and foremen.26 By contrast, engineers trained in

the École Polytechnigue (considered at the time as the technical elite in France) did not

have workshop training and instead focused on the theoretical. At the École dArts et

Métiers, Loubet received manual training while working in the workshops, forges, and

foundries that were part of the school system.27 During his first two years, Loubet, in all

25 I confirmed Alejandro Loubet’s records of graduation as mechanical engineer through personal
enquiries at the Angers school via emails. The data was confirmed by Jean-Louis Eytier from Fondation
et Ecole Arts et Métiers on 5 March 2008. The date of 1881, given by Southworth (1898) is thus not
accurate. Finally, Rodriguez Benitez in his recent historiography of engineers educated in the Coleciio
Rosales of Mazatlán says that Loubet did not have a diploma. Cf. Maria de Ia Paz Ramos-Lara and
Rigoberto Rodriguez BenItez (Coord.), Formación de Ingenieros en el Sicilo XIX (Mexico: Universidad
Nacional Autónoma de Mexico I Universidad Autónoma de Sinaloa: 2007) 170.

26 Cf. Eda Kranakis, “Social Determinants of Engineering Practice: A Comparative View of France and
America in the Nineteenth Century,” Social Studies of Science 19: 1 (1989), 10. Also, see Charles R Day,
Education for the Industrial World. The Ecole dArts et Métiers and the Rise of French Industrial
Engineers (Cambridge, Massachusetts: MIT Press, 1987). For a study that deals with the French
engineering culture, as for example, mass production by means of interchangeable parts, the
employment of drawings and automatic machinery to enforce production standards in the face of artisanal
resistance, including the engineers’ participation during the French Revolution, see Ken Adler,
Engineering the Revolution. Arms and Enlightenment in France, 1763-1815 (Princeton, New Jersey:
Princeton University Press, 1997).

27 To support the analysis of Loubet’s education and the differences between French and American
engineering cultures, I am drawing from the excellent book of Charles R. Day, Education for the Industrial
World. The Ecoles d’Arts et Métiers and the Rise of French Industrial Engineering (Cambridge,
Massachusetts: London, England: The MIT Press, 1987). I also have benefited from Eda Kranakis,
“Social Determinants of Engineering Practice: A Comparative View of France and America in the
Nineteenth Century.” Social Studies of Science 19: 1 (1989) 5-70, and from Edwin T. Layton works,
“European Origins of the American Engineering Style of the Nineteenth Century,” in Nathan Reingold and
Marc Rothenberg (Eds.), Scientific Colonialism: A Cross-Cultural ComDarison (Washington: Smithsonian
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likelihood, had lessons in arithmetic, algebra, trigonometry, geometry and descriptive

geometry, surveying, and French grammar and composition. Course work for his third

year might very likely have been comprised of industrial mechanics, machines and

dynamometers, physics, elementary chemistry, industrial economy, history, civics, and

more grammar and composition. The practical content of Loubet’s education

comprised, more or less, about seven of the total of twelve hours a day he attended

school. Consequently, empirical knowledge was privileged over theory. Manual and

workshop training was aimed to foster know-how and to facilitate an understanding of

theory and the analysis of machines. In the case of Loubet’s education, therefore,

‘doing’ preceded ‘knowing’.28 However, this engineering education was not exclusively

based on rational and functional grounds. It also reflected the French social ideology

that judged theoretical and intellectual work more valuable and suited for the upper

classes and manual jobs undignified and meant for the lower classes. This social

understanding of manual and intellectual work was very much the same in Porfirian

Mexico. But the fact that Loubet was of French ancestry and received his education

abroad, including his job experience in the United States, put him in the upper echelons

of Mexican society. Therefore, Loubet had knowledge of machine theory combined with

empirical practice. He was a Mexican upper class mechanical engineer whereas in

France he could only be considered as a low class mécanicien.29 But Loubet’s

education also embodies a long historical path on machine theorizing that began in the

late-eighteenth century. This evolution in the codification of machine knowledge can be

directly linked to the scientific, technological and educational structures of modern

France as well. In France, in particular, and in Europe, in general, steam machines and

Institution Press, 1987) 156-1 59, and “American Ideologies of Science and Engineering,” Technology and
Culture 17:4 (October 1976) 688-701.

28 am borrowing this conceptualisation from Edwin T. Layton, “Technology and Science or Vive La Petite
Difference”, PSA: Proceedings of the Biennial Meeting of the Philosophy of Science Association Vol.
Two: Symposia and Invited Papers (Published by The University of Chicago Press on behalf of the
Philosophy of Science Association, 1976) 173-1 84. In particular, knowing and doing reflect, according to
Layton, the fundamentally different goals of communities of science and technology. In my view both
categories describe the interplays of the learning experience as a whole. Knowing reflects the theoretical
codification of knowledge and doing expresses the empirical experience of learning-by-doing.
29 The socio-cultural dimension of Loubet’s education within the Mexican context is discussed in Chapter
Station 5.
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manufacturing machinery became objects of analytical investigation. The goal was to

advance mechanical reproduction to construct better artifacts for industrial production.

To further expand the analysis along the path of the codification of machine building, it

is critical to discuss, on the one hand, the empirical and theoretical differences between

French and American engineering education, and, on the other, the evolution of high-

status knowledge on machine design.

In the United States, machines predominantly became objects of empirical study

and testing with the purpose of developing new material applications and innovations.30

Both academic institutions and industrial settings were very much aligned by

emphasising practical or empirical principles to develop machines. A paramount

example of this practice was Gorge Corliss’ innovations to steam engine design. Corliss

was not academically trained but he worked out new designs by building and testing a

series of models and prototypes.31 For their part, French engineers academically

trained in the high status educational institutions would develop new designs from

mathematical theory, then build an archetype, and then observe its performance in

accordance with theoretical predictions. However, by the early 1840s in France, around

fifty firms were building stationary steam engines and, by mid-century, the number

increased to about seventy-five. At the time, French machine builders were actively

engaged in modifying engine design to suit French conditions but from a practical

vantage point.32 This means that artisans, manual operators and mechanics, but not

theoretically trained engineers, were performing operations on the floor-shops. Thus

30 Cf. Edwin T. Layton, “European Origins of the American Engineering Style of the Nineteenth Century,”
in Nathan Reingold and Marc Rothenberg (Eds.), Scientific Colonialism: A Cross-Cultural Comparison
(Washington: Smithsonian Institution Press, 1987) 156.
31 Cf. John T. Henthorn, and Charles D. Thurber. Egbert P. Watson (Ed.), The Corliss Engine, and Its
Management (New York: Spon & Chamberlain, 1894), and F.W. Shillitto, Handbook of Corliss Steam
Engines (Bridgeport, Connecticut, USA: The American Industrial Publishing Co., 1899).
32 Cf. James M. Edmonson, From Mécanicien to Ingénieur. Technical Education and the Machine
Building Industry in Nineteenth-Century France (New York: Garland Publishing Inc., 1987) 106.
Edmonson argues that academically trained French engineers did not work in machine building firms.
They studied machine design in the school. He also claims that the French machine theory and advanced
mathematics and geometry contributed little to the early development of machine building at least before
the mid-1830s. Machine building in France developed as an industry predominantly as the result of the
activities of artisans and mechanics that, according to Edmonson, played a role in the transfer of
technology from Britain to France. Thus shop-trained mechanics were instrumental in the translation of
engineering concepts into working machines (99-1 00).
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the French academic institutions and the industry of steam engines were not correlated

in the same manner as American technical education and industry.

American engineering was more concerned with producing machines.

Theoretical knowledge was considered only to the extent that it was essential to

achieve practical aims. In other words, American engineers focused less on theorising

machine building.33 But perhaps the main difference between French and American

engineering approaches can be better captured by how theory and practice were

conceptualised. In the French tradition, theory was superior to practice and theory was

thought to facilitate the devising of better machine tools, and, thus, better machines; in

the American tradition, practice was above theory and theory emerged from the

workshop. For French engineers, in general, except those trained at the Ecoles d’Arts

et Métiers, mathematical theories comprised the fundamental principles that underlined

the theory of construction of machines whereas, for American engineers, general

concepts arose from the experience of using and designing machines.

Another major conceptual and ideological difference was that of theory.

American engineers regarded formal theories such as physics and mathematics as

mere concentration of experience. Perhaps no one like American engineer Robert

Thurston better personified this mentality. Thurston did not discard theoretical studies.

For example, he translated CarnoUs treatise on thermodynamics into English. But he

remained skeptical regarding the application of theory to practice. His own A Manual of

the Steam Engine, published in 1891, was notably more practical and less theoretical

than William John Macquorn Rankine’s A Manual of the Steam Engine and Other Prime

Movers (1866). In his introduction, Thurston commented that the results of

thermodynamic computation were in such evident disaccord with the practice of the

time that he put aside theory in great disappointment.34 Thurston’s main objection was

Cf. Eda Kranakis, ‘Social Determinants of Engineering Practice: A Comparative View of France and
America in the Nineteenth Century.” Social Studies of Science 19: 1(1989)40-47.

Cf. Robert H. Thurston, A Manual of the Steam Enciine (New York: 1891) VIl-VIll. Cited in Edwin T.
Layton, “American Ideologies of Science and Engineering,” Technology and Culture 17 (October 1976)
694. Taylor says that Thurston was “a pioneer advocate of the establishment of engineering-research
laboratories in connection with schools of engineering” and made important contributions to the emerging
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to excessive theorization. To clarify, Rankine had studied the ideal engine, but

Thurston was concerned with the theory of the real engine. To illustrate such

differences more concretely, French knowledge took the form of mathematical

equations while American knowledge was more generally expressed by using graphs

and tables. Yet the discrepancies between theory and practice, between knowing and

doing, can also be extrapolated to the accumulation of knowledge by doing or job

experience.

In the case of French engineers, theory was aimed at better understanding

experience. Theories could reveal phenomena or functional characteristics of

technology and artifacts that could not be inferred or fully understood from practice. In

this sense, French engineers sought to use theoretical analysis as a path of discovery,

that is, as means of revealing previously unknown laws and relationships. But in

practice, French designs of machines tended to develop more sporadically than

American artifacts. The French also commonly used theory as a substitute for

experience in the process of invention and design, a role to which Americans were

hesitant to agree.35 In the case of research, roles were reversed. Americans focused

heavily on experimental work while the French privileged theoretical research. Clearly,

social understandings about the role and position of engineers were in total opposition

in France and the United States. In the same manner, ideological conceptions about

the use and value of theory and practice were in disagreement as well. In sum, clear

differences between the structure of industrial businesses and educational institutions

prevailed in both countries.

Loubet was the product of all those social, cultural and engineering differences

that included very different settings: French, American and Mexican. But instead of a

conflict between settings, knowledges and practices, cultures and ideologies, there

field of the strength of materials. Taylor also says that “[Thurston] was very active in the early
development of both the American Institute of Civil Engineers, and he was one of the four founders of the
American Society of Mechanical Engineers in 1880” (694). I consider such contributions as examples of
networking activities within the field of steam-technoscience.

Cf. Edwin T. Layton, “American Ideologies of Science and Engineering,” Technology and Culture 17
(October 1976) 691-693.
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were advantages for him and for the adaptation of steam technoscience. Loubet

amalgamated decisive practical and theoretical improvements to engines, such as

thermodynamics, design, and workshop techniques, to master the necessary materials

for casting and assembling engines and boilers. He learned from those engineering

cultures at the time when engine design was standardized internationally and just when

the techniques of manufacture were shifting to industrial standardization as well.

Notably, the context of engineering practice from which Loubet favorably benefited was

developing toward specialization and the highest standards of precise workmanship.

However, despite their differences, both French and American paths of engineering

shared a great deal of concern with improving design irrespective of theoretical

research or empirical testing of prototypes. Thus, machine design, in the case of

Loubet, was instrumental for the local adaptation of steam technoscience because it

provided a standard and cost-efficient method for large-scale mechanical reproduction

that was already verified by theory and practice.

I claim that this possibility of adapting engine design fostered the machine

building business that was slowly emerging in Mexico by the 1870s. At the same time,

national engineering culture was advancing through the creation of technical academic

institutions. But, in general, the industrial organisation of machine building was in its

infancy. Competition came from European and American machine builders but not from

inside the country. Engineers in Mexico, as a result of expanding industrialization, were

in high demand and needed by both the State and the private sector.

The case of Loubet also highlights another series of sociotechnological facts.

For instance, Loubet, as a graduated gadzart at nineteen years of age, had academic

credentials and job experience that were highly regarded at his time.36 Despite his age,

his high level of performance suggests that the combination of theory and practice that

36 As charles R. Day has shown, 490 students graduated at the Ecoles d’Arts et Métiers between 1820
and 1880 (Loubet graduated in 1877). Around seventy-eight percent of those who went into industry (351
out of 490) became owners or high-ranking managers and engineers in French medium and large firms.
Day’s analysis confirms the technical advantages of gadzarts, in general, and supports my view about
Loubet’s engineering credentials, in particular. See his Education for the Industrial World. The Ecoles
d’Arts et Métiers and the Rise of French Industrial Engineering (Cambridge, Massachusetts: London,
England: The MIT Press, 1987) 194.
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he received at the École was a successful approach. Loubet learned to apply the

science and mathematics that he studied in the classroom to his workshop program. In

this manner, theory facilitated his day-to-day practice and observation of mechanical

phenomena. Equally relevant, Loubet was trained in the study of mechanical drawing

and machine design (complemented in the Fulton Iron Works of San Francisco

established in 1855 [Figure 1]). Because of his training, Loubet was able to

understand simultaneously the operation and control of machines and principles

underlying their functioning. In other words, Loubet developed a theoretical-empirical

knowledge or tacit-codified understanding of kinematics and design. Therefore, Loubet

could design machines or adapt them to new uses. This design capacity is precisely

what made Loubet an engineer and not just a skilled mechanic. In contrast to

engineers educated at the École Polytechnigue and other French schools, including

Mexican engineers at the time, who learned machine design from theory and books,

Loubet acquired his knowledge of machine design from both practice and theory. This

gave him superiority over his colleagues in Mexico and France who had received a

more advanced theoretical instruction but had little or no practice.

In addition, Loubet not only had the academic credentials and job experience but

combined the pecuniary means to create personal networks with local businessmen in

Mazatlán as well. Thus the combination of education and financial stability contributed

to his success as business partner and manager of the Fundición. In that regard, he

knew how to put together the basic requirements to operate a foundry, and how to

organize work and to train workers. In sum, the combination of French and American

engineering paths enabled Alejandro Loubet to synthesize a great deal of the advanced

theory and practice surrounding machine building. Loubet’s education and role in the

Cf. John Reginald Southworth, El estado de Sinaloa, Mexico: sus industrias comerciales, mineras y
manufactureras (Obra publicada bajo Ia dirección del gobierno del estado. San Francisco: Hicks-Judd,
1898) 134-135. However, I was able to confirm that the name of the foundry was not Boulton as given by
Southworth but Fulton. The Fulton Iron Works was located in San Francisco and it was owned and
conducted by D.B. Hinckley, James Spiers and D. E. Hayes. The business dates back to 1857. By 1877,
the range of manufactures comprised machinery for steamships; double, triple and quadruples expansion
steam engines; beam engines for ferry steamers; Corliss engines and milling and mining miscellaneous
machinery. Cf. The Bay of San Francisco, The MetroDolis of the Pacific Coast and its Suburban Cities. A
History 1, (Chicago: The Lewis Publishing Co., 1892) 15-16; 253-254; 642.
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Fundición represents an historical example of the mobility of people across settings and

cultures, and the translation of knowledge embedded in codified and tacit forms

(literature, engineering drawings, models, workshop experience) that may help to

identify more clearly the connections between machine makers at the international

level, and, in the local context, the beginnings of Mexico’s mechanisation.
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Station 1.2. Paths of Machine Building

In this station, I briefly explore the machine production of the Fundición as the

synthesis of theoretical and empirical engineering paths and of the combination of tacit

and codified knowledges. Kinematics or machine theory led to understandings of

machines, in general, and to the devising of new designs, in particular. In conjunction

with tacit knowledge or empirical ways of building machines, codified knowledge

allowed the creation of many applications of steam technoscience in Europe and in the

United States. For the case study of the Fund iciOn, codified knowledge is considered

as another mechanism of translation that deserves contextualisation.

The Fundición was the locus where different paths of machine building were

merged and adapted to build steam machines. Alejandro Loubet’s translation of

engineering cultures, in particular machine building, represented the stepping stone for

the construction of machines in Mexico. But perhaps one of the greatest achievements

was that Alejandro Loubet, in collaboration with his business partners, brought a diverse

array of machine processes together for machinists and metal workers. Henceforth this

technological adaptation of steam technoscience through design played a major role in

the organisation of the foundry, the mobilisation and training of workers, and the

rationalisation of the manufacturing process to increase output. As a result, between

1891 and 1906, the Fundición built a total of 102 steam engines and 131 boilers.38 The

great majority of those engines were based on conventional designs as, for example,

the Corliss engine, and Cornish and Scottish boilers that were widespread at the time.

Such designs were predominantly developed through empirical testing and became

standard machines. However, codified knowledge certainly enhanced the

understanding of heat pressures, strength of materials, riveting techniques, metal

bending, machining, and other key features in the process of building steam machines.

Loubet and workers of the Fundición learned how to adapt machine theory and

developed empirical experience to suit their local conditions. Machine construction

38 Cf. AGN-FIN, boxes 14 to 17. These figures were obtained based on the verification of engineering
drawings, photographs, technical reports and official memoranda from Fomento agencies.
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could start as a process of coupling together several mechanisms, including a source of

energy (steam). Basically, the whole process would have started by designing the

engine or boiler and producing engineering drawings. In turn, the existence of those

drawings suggests that design was crucial for the production of specific pieces by

indicating the final shape of the product to be built. Then machinists would have

prepared the making of mouldings to cast specific pieces, while other workers had to

pour molten iron into the mouldings for casting the pieces. Almost in a synchronised

fashion, while castings were still red-hot, more workers had to machine the pieces, do

the laminating, flanging and bending, and later, the cutting and final polishing of each

cast piece. For these purposes, an extensive array of machine tools and hand tools

would have been used, as for example, lathes, hand files, steam hammers, flanging

machines and more.

Within the practice of machine building, it was possible that Loubet’s knowledge

and the machinists’ understanding of the steam engine were not entirely based on

kinematics (understood as the rationally based method of machine design)39 nor on the

knowledge of the chemical reactions of the fuel-air mixture that provided the force to

drive the piston. Inside the workshops of the FundiciOn, most likely, Loubet used his

theoretical and empirical knowledge, and, in close collaboration with machinists,

together they developed a collective empirical knowledge to understand how engines

worked. In this manner, workers, machinists and other skilled workers, knowing that

machine components together have to do specific functions, developed ways to put all

pieces into specific sequence and arrangements to assemble engines and boilers into a

complete working mechanism. This practice can be observed in the photograph of

boiler B12. The final piece was based on the Cornish design. This means that workers

knew before-hand how the boiler was supposed to look by the end of the machine

building process. If so, this also means that designs, or sketches, or drawings of this

Kinematics was developed as a branch of mechanics for describing the motion of objects using words,
diagrams, numbers, graphs, and equations. The main goal of kinematics is to develop theoretical models
which serve to describe and explain the motion of real-world objects such as machines. See Kenneth J.
Waldron, and Gary L Kinzel, Kinematics, Dynamics, and Design of Machinery (Hoboken, NJ: J. Wiley,
2004). The authors provide a good historical review of kinematics and machine design with a focus on
steam machines.
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specific boiler were circulated to show workers what to do. In other words, the visual

evidence suggests that the Fundición developed its own process of machine building in

response to the technical skills of workers, machine tools and building facilities that

were organised by Loubet, the Echegurens and the Redos, in order to perform two

heavy and complex processes: metal casting and machine building.

The boiler BI 2 consisted of five visible segments or components. Sections were

marked as chica or small and grande or big, respectively. To do the coupling,

segments were numbered, so as to show the order between them: grande 1, chica 2,

and grande 3. Additionally, four white long lines marked on each segment also served

as guides to show where to do the riveting and final joints. These marks, presumably

performed by machinists in the workshop, facilitated both the building and

understanding of the boiler. The coupling in sequence of different machine components

according to a specific design facilitated the machine construction of the boiler as an

integrated artifact. Although is not possible to infer from the photograph of boiler B12

how many workers had to intervene in the machining and riveting of the boiler’s

segments, or how segments were laminated, cut and riveted, at this point in the

machine building process, workers at the FundiciOn might have very well known that in

mechanical devices energy is crucial to transform motion into work. Perhaps they did

not know the technical language to express this relationship as, for example, ‘input

comes from sources of power’. But certainly, they knew that engines without a boiler

did not work. Loubet perhaps knew that sources of power were defined as “prime

movers or machines for obtaining motive power”.4° In general, for many machine

builders, and for the FS, in particular, steam machines were prime movers to perform

mechanical work in diverse settings, such as factories or industries. Therefore, it is very

possible that workers in the Fundición had the understanding that they were not only

dealing with ways of building engines, but, simultaneously, that they were building

sources of power (boilers) that served to produce mechanical work in other firms

located in Mazatlán and in other regions of Sinaloa. This technical understanding, how

to do machine building and how to arrange machines into one interconnected system,

° Cf. William John Macquorn Rankine, A Manual of the Steam Engine and other Prime Movers (London:
Charles Griffin and Company! Stationer’s Hall Court, 1866) V; XXVIII-XXXII.
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reshapes the traditional oversimplification of machines as ‘general purpose

technologies’. The principal difference to bear in mind is that between uses and types

of machines. The machines’ mechanical work may be considered as generic, for

example, to supply steam power or to provide transport. But the design and

construction of machines is far from generic. The building of a steamship is as different

as the building of a locomotive. Although both artifacts use steam-technology explicitly

devised for transport, the machine building process is very specific despite that there

might have been some common aspects as, for example, machining or riveting.

In the same manner, it was not an identical process to build engines and boilers,

as compared to other manufacturing machines such as sawing machines or carding

and spinning machinery. Steam-engineering was a multitasking activity based upon

heterogeneous knowledge that required skilled workers and capital for machine

construction. In other words, machines are not byproducts of economic activity per Se,

but mechanical means to fulfill complex industrial processes. The boiler built at the

FundiciOn highlights the ability of Loubet and skilled workers to organise other workers,

and to create a technological system that facilitated the large-scale production of steam

machines. It also illustrates different interplays between knowledges, workshop

practices, adaptations, and visual ways to communicate as, for example, the marking of

the boiler’s sections by language and numbers. Together, the aforementioned

interplays and the coordinated actions of all those who participated in the building of this

boiler represent an example of how they knew what to do, and how they might have

done it. Furthermore, such interplays show that machine building was a collective

process and that the production of boilers was subject to the fulfillment of specific

designs in order to organise work, but, above all, to guarantee the reproduction of a

specific artifact which was expected to perform advanced mechanical work. The

production process and the final product, therefore, were integrated activities in the

FundiciOn’s technological system.
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Station 1.3. Building Steam Engines

In the Fundición, steam engines and boilers were constructed in parallel but

separated processes. This claim is supported by the available documentation,

drawings and photographs. In this station, I now explore how engines were most likely

constructed. Based on a late nineteenth century technical description, Figure 6 shows—

in transverse section—the basic parts of a single-acting steam engine, to represent the

many engines built by the FS. Accordingly, between ten to fifteen parts, more or less,

are cast materials such as iron, steel and other alloys, used to construct sections and

pieces of the engine, including valves, pipes, and the frame. Each part was cast and

machined separately according to design specifications and, each time, pieces passed

through the skilled hands of many workers who performed an array of operations such

as molding, forging, bending of metal plates, boring and coupling of sections, and more.

Hand tools and machine tools were used to transform materials into machine

components until the engine reached its desired shape. Yet despite manuals and

engineering textbooks that may have suggested ways to organise each of the involved

processes, in practice, it was very likely that individual machine constructors had

developed their own system. Perhaps casting began with the large and voluminous

sections like the frame because this part consumed a lot of material and time. Or

maybe they started by casting the seven main components (piston, piston rod,

crosshead bearing, connecting rod, crank, eccentric valve motion, and flywheel) with

the aim of structuring the engine. Finally, diverse parts might have been machined

simultaneously by developing parallelly organised groups of workers, more or less in

the way of what we know today as assembly lines.

In any case, and whatever the method was used, Loubet and workers of the

Fundición were capable of building single (E6) and double acting (E7) engines. Even if

the precise details of the machine building are available, it is very likely that the

adaptations made to suit local conditions would not be easily revealed to the untrained

eye. And even if the guidelines of the specific method developed by the FundiciOn for

machine building were entirely explicit, there might have been many steps and many

parts of the operations pertaining to each step, that were based not on guidelines but on

mere feeling or eyeballing performed by master machinists, skilled in their crafts.
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Certainly, this information could have revealed more about the intricacies of the

technological adaptation that the Function represents. But according to the evidence,

as it is, it is reasonable to conclude that machinists and skilled workmen were

knowledgeable about the components involved in machine building and metal casting

and understood their operation.

This fact suggests that Loubet and workers of the FS developed their own

practice of machine building, perhaps not articulated in such detail as that of machine

theorists of the time. This argument also emphasises the complexity of machine

construction as opposed to say machines, hardware, inventions or artifacts. Steam

engines were mechanical inventions but they were also embodiments of how

technologies were conceived and translated across time, cultures, peoples and settings,

in this case, Mexico, during the Porfiriato, and Mazatlán, Sinaloa, where French and

American engineering cultures were embodied by Loubet and translated to the point of

reaching large-scale production.

To illustrate the possible path that Loubet and workers at the FS might have

followed to understand how steam worked in mechanical devices, the following

description of the steam engine as codified in 1894 provides a great example.41 This

description, however, does not mean that the Fundición understood how engines

worked in the same way. Based on the evidence, Loubet and possibly other engineers

who might have participated in machine construction had the theoretical knowledge and

practical experience. Thus it was very likely that Loubet made a series of adaptations,

of translations, to show workers how and what to do by knowing the basics of the

operation of steam. At this point, it is crucial to keep in mind that the visual evidence

and the mechanical engineering techniques, as they developed at the time, are

considered as the sources that help to retrieve the technical practice of the FundiciOn.

Accordingly, inside the engine, steam comes from the boiler through steam

pipes, and after passing the throttle valve, enters the steam chest. The valve, driven by

an eccentric on the shaft, moves backward and forward on the valve seat, uncovering

41 Cf. Jamieson, Steam and Steam-Engines (1894) 12-13.
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alternately the two steam ports. When a steam port is uncovered by the valve, the

steam flows through the port into the cylinder and by its pressure moves the piston in

the cylinder. In Figure 6, the left steam port is shown partly open and the steam is then

pushing the piston to the right. At the same time that the steam is forcing the piston to

the right, the valve has uncovered the right port, so that the steam on the right of the

piston may escape to the exhaust pipe.

In general, the motion of the piston is transmitted by the piston rod to the cross-

head and from this through the wrist pin and the connecting rod to the crank. The

reciprocating motion of the piston is transformed by the connecting rod and crank into

rotary motion of the shaft. The power generated in the cylinder usually is taken from the

shaft by a belt on the flywheel or by an electric generator coupled to the shaft. The

valve is made to move so that when steam is being admitted to one end of the cylinder

it is being exhausted from the other. As the incoming steam is at a much higher

pressure than the exhaust, there is a resultant force pushing the piston in the direction

of the ongoing steam. The end of the cylinder farthest from the crank is called the

head-end, and the end nearest the crank, the crank-end. With the piston at the extreme

left of its travel, the crank will be in a direct line between the cylinder and the shaft.

While the force on the crank pin may be large, there is no turning effort. The crank is

then said to be on the head end dead center. With the piston at the extreme right of its

travel the crank is on crank end center. When the engine is running, if the crank rises,

as the piston leaves the head end dead center, the engine is said to be running under.

The stroke of the engine is the distance the piston travels in half a revolution. It is equal

to twice the length of the crank. On the head end stroke, the piston moves from head

end to crank end dead center, and the reverse motion take place on the crank end

stroke.

Based on the above description of how engines operate, it is possible to retrace

some aspects of the process of machine building as carried out at the FundiciOn. In

general, as steam technology progressed, new tools and techniques were devised. The

machine building knowledge associated with standardised and predictable processes

could be transformed into engines. At the same time, metal and machine workers

needed to know how to use new tools and machines and, more importantly, how to
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build engines. To achieve these tasks, engineers had to codify knowledge that could be

communicated to all machine workers in an explicit way so that they could understand.

Furthermore, the synergy between the manipulation of tools and techniques hide the

underlying principles of machine building. In consequence, the tools used embedded

the knowledge to build machines. Therefore, a skilled worker who had an opportunity to

learn how to use new tools (steam hammers) and techniques (hydraulic riveting) also

had an opportunity to know how to build new machines. In this way, workers with

previous experience as, for example, with spinning or mining machines, took part in the

process of translating steam technology by communicating different knowledges

between them, by learning-by-doing, and by interacting with machines. Constant

practice and replication of activities helped to train workers, guided by skilled masters

and following principles developed by engineers. This sociotechnological arrangement,

in the case of the FundiciOn, seems very possible. Knowing and doing the machine

construction served as principles to organise and establish hierarchies of workers

leading to the functional operation of a technological system.

By late nineteenth century, steam engine components were considerably

improved due to the betterment of constructing materials such as cast iron and steel,

new machine tools for building, and skilled machine craftsmanship. Workers at the

Fundición learned how to cast each of the engine’s mechanisms and its parts. They

knew what their function was even though perhaps only engineer Loubet had a general

understanding of the complexity, language, knowledge and machine-theory that was

necessary to construct steam engines. Nevertheless, the Fundición, as a collective

industrial technological system, used tacit and codified knowledges, skills, tools,

building materials and organisation capabilities and produced cylinders and pistons for

steam engines made of cast iron in which the most crucial aspect was how to carefully

machine the bore.42

42 Cf. Aubrey F. Burstall, A History of Mechanical Engineering (London: Faber and Faber,1963) 213-216.
Bore, when used in the context of piston engines, is a measurement of the diameter of the holes bored
into the engine block for use as cylinders. See also boring machines.
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They also might have understood that the purpose of the valve was to admit

steam to the cylinder and to release it from it. They knew that the design of valves was

crucial due to the fact that although engines could run with the valves improperly set or

designed, more steam would be used. It was possible that valves were imported for a

time. Nonetheless, valves could be locally produced as well because the Fundición had

the proper alloys to machine these pieces (E2).

To cast pistons for stationary engines the Fundición used cast iron. The piston

was turned into a slightly smaller diameter than the cylinder to allow perfect fitting. On

larger pistons, however, it was possible that the rings were built up in sections and were

pushed out against the cylinder walls by springs placed under them (E5). On smaller

engines the pistons were cast in one piece; they were usually hollow to make them as

light as possible (E6). These techniques enabled workers at the FS to break down into

single pieces the machine components that could be easily transported and made ready

for coupling once the final setting for the engine was designated.

In this progression of machine components, the piston-rod was connected to the

piston through the cross-head. It was made of imported steel and also was made by

remelting pig iron. Overall, the connection had to be very tight. In horizontal engines,

for example, a tail-rod sometimes extended from the piston out through the head end

cylinder head, and its outer end was carried by a slipper on a guide (E7). This

arrangement allowed the weight of the piston to be carried by the slipper and the cross-

head and lessened the wear on the piston and the cylinder. These two pieces

accomplished most of the mechanical work and had to be carefully machined.

Workers at the Fundición also might have known through their every-day

interaction with machines that the joint between the piston-rod and crank-end cylinder

head had to be tightened by a stuffing box. The packing used on low pressure engines

in this box was fibrous, but with high steam pressure a metallic packing was commonly

put in place. The action of the stuffing box was designed to keep the joint steam tight

and at the same time to allow little friction of the rod.

Regarding the cross-head and the cross-head pin or wrist pin, workers used both

to form the connection between the piston and the connecting-rod (E8). The cross
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head was made to move in a straight line by guides on the frame engine. The two-

guide type was the most common, although four-guide and one-guide types were used

occasionally. This knowledge of varieties of guides was important because in such a

way machine builders working at the ES could adapt engines to suit local conditions

such as space, horsepower, single or double engines.

The connecting-rod was made of steel and connected the wrist pin to the crank

pin. The main function of the connecting-rod was to balance the bending stress. Thus,

in high-speed engines, their cross section was rectangular or I-section type whereas in

slow speed engines the rod was made circular in section. The EundiciOn specialised in

building high-speed engines because they were smaller, thus using less casting

materials, but at the same time such engines were more effective regarding fuel

efficiency and in the amount of required mechanical work.

The crank pin was made of steel and it was a part of the same forging as the

crank and shaft, or it was set into crank discs which were keyed to the shaft. Its

function was to produce motion. The crank pin and half of the connecting-rod usually

were considered as rotating parts and needed to be counterbalanced to make the

engine run smoothly. Furthermore, as kinematic pairs, the piston, piston rod, cross-

head, and half of the connecting-rod had a reciprocating motion. Thus, it took a large

force to start and to stop them on each stroke. Unless they were counterbalanced the

engine vibrated on the foundation. To avoid this problem, workers at the FS must have

learned to forge the crank pin as a separate piece because the crank was keyed to the

shaft. Engine shafts were made of steel as well. They were either forged to make the

crank and crank pin integral parts of the shaft, or the crank as mentioned before was

keyed to the shaft. In addition to the key, a shrunk fit sometimes was used, or the crank

disc was pressed on by hydraulic pressure. The power source for this pressure was

supplied by a steam engine.

In a side crank engine there was one main bearing and there were two bearings

in a center crank engine. The weight of the flywheel was carried partly by an outer

bearing called an out-board bearing. Main bearings were made up of four parts: the

cap, the bottom part which takes the vertical wear, and two side pieces which take the
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horizontal wear. In sum, bearings permit constrained relative motion between two

parts, typically rotation or linear movement.

The turning movement on the crank varies at different parts of the stroke. In

order to keep the shaft turning at approximately the same speed at all times in the

revolution, a flywheel was put on the shaft. This stored up and gave out energy at

proper times, thereby keeping the angular velocity approximately uniform. The flywheel

could carry the belt or there was a separate belt wheel in addition to the flywheel, in

which case the latter was called a balance wheel. The flywheel was made of cast iron.

In the smaller sizes it was cast in one piece, but in the larger sizes, it was cast in

sections. A flywheel is a rotating disc used as a storage device for kinetic energy.

Flywheels resist changes in their rotational speed, which helps steady the rotation of the

shaft when a fluctuating torque is exerted on it by its power source such as a piston-

based (reciprocating) engine, or when the load placed on it is intermittent (such as a

piston pump).

At this point, the casting of engine-components was paramount, including the

internal pieces of other components such as bearings and flywheels, along with the

variety of techniques and operations that workers should follow. However, the frame

was the biggest part that used the greatest amount of material. The frame was made of

cast iron in stationary engines which were the predominant engine built by the

FundiciOn (E15). The greater the weight of the frame, the more smoothly the engine

ran. On some small high-speed engines there was a cast iron sub base placed

between the frame and the foundation. In general, frames had different names

according to their shape and the cylinder arrangement.

Finally, the manufacturing of eccentrics and foundations were perhaps the last

activities. An eccentric is a circular disk solidly fixed to a rotating axle with its centre

offset from that of the axle. An eccentric was placed on the shaft or governor arm to

drive the valve. It was most often employed in steam engines and used to convert

rotary into linear reciprocating motion in order to drive a sliding valve or a pump ram.

To achieve this, an eccentric usually has a groove at its circumference around which is

closely fitted a circular collar (eccentric strap). In turn, attached to the collar an
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eccentric rod is suspended in such a way that its other end can impart the required

reciprocating motion. It is possible that the FundiciOn imported eccentrics at the

beginning but they were also a component that could be locally manufactured.

According to the engineering drawings produced for engines number 15 (built in 1893),

25 and 26 (built in 1894), the Fundición used Porter Allen and Meyer systems of

eccentrics, respectively, as shown on DE3 and DE4. Foundations were made of

hardwood, brick and, later, of concrete. The frame was fastened to the foundation by

anchor bolts. The foundation needed be quite massive and to rest on firm soil to carry

the weight of the engine and foundation without settling. As mentioned before, the

adaptability of machine design according to different settings was instrumental to suit

the local conditions under which engines would perform their mechanical work.

Overall, this station has explored some of the possible paths that the Fundición

may have followed to practice machine building and described the function and

components of steam engines. The evidence indicates that the Fundición, first,

developed appropriate engineering drawings according to the engine and boiler that

would have been produced. Secondly, the design was followed by machinists and

workers and broken down into organisational and technical steps, which in turn, were

divided into separate but parallel activities of metal casting and machine building.

To complete this understanding, I propose to focus on the sociotechnical

connections and interactions between machines while following both local and

international contexts of steam-technoscience to show how machine building was the

result of situated practice. For this reason, it is important to bear in mind the

simultaneous interactions between the codification of knowledge in machine building,

design and engineering. This information explains how machine building was based

upon adaptations, the fulfilment of specific requirements, uses or needs, and types of

mechanical work to be performed. It also illustrates that the machines manufactured at

the FundiciOn may very likely have followed these conventions providing insights into

the complex manufacturing process developed by workers on the floor-shop. This final

station is aimed at describing how the FundiciOn may have operated as a machine

constructor.
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Station 1.4. Machines in Sociotechnical Contexts

The argument developed in this station is that sociotechnical contexts shape

technology but machines shape sociotechnological arrangements as well. Based on

this premise, the analysis aims to illustrate how the Fundición, as a machine builder,

was shaped by both local and international settings of activities of steam

technoscience. To show the interplay of settings, I use different examples, such as the

industrial partnership of Watt and Boulton, the construction of Cornish pumping

engines, the role of patents, the use of mineral coal during late-nineteenth century, and

the emergence of electricity and internal combustion engines that become competitors

of steam power. The examples are linked in order to discuss the conditions in Mexico

at the time that steam engineering was developing worldwide.

In retrospect, the steam engines built at the FundiciOn would be direct

descendants of a long path of technoscientific evolution that included machine tools,

machine components, building materials, empirical practices, inventors, tool makers,

and more. Modern steam machines were born out of James Watt’s modifications

performed to the Newcomen engine (1712) patented in 1769, 1775, 1781 and 1782.

Watt’s engine, in turn, experienced several modifications, adaptations and innovations

until the achievement of the Corliss engine in the 1850s, which became the standard of

design and efficiency in the 187Os. In other words, machines derived from other

machines ab initio. Mechanical devices, however, required financial and building

facilities to become manufactured products. Steam power involved economic power

too. In this sense, it was Watt’s strategic partnership with entrepreneur Boulton which

made possible the sociotechnical stabilisation of large-scale production and

commercialisation of steam engines worldwide, first in England and Europe, and later in

the United States.

Cf. Robert H. Thurston, A History of the Growth of the Steam Engine (New York: D. Appleton and
Company, 1878) 79-1 32.

Cf. F.W. Shillitto, Handbook of Corliss Steam Engines (Bridgeport, Connecticut, USA: The American
Industrial Publishing Co., 1899), and Robert H. Thurston, A History of the Growth of the Steam Engine
(New York: D. Appleton and Company, 1878) 319.
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From the historical case of strategic engineering and entrepreneurial alliance

between Watt and Boulton, three sine qua non conditions can be drawn that fostered

the machine building process of steam engines internationally. Firstly, machine building

demanded an iron foundry in which to produce diverse metal castings of machine

components. This included engineering and mechanical knowledges, participation of

metal workers and machinists, access to coal, steel and iron, furnaces, and tools.

Secondly, in order to manufacture steam applications, aptitudes for organising and

financing were crucial to tackle legal and financial expenses. Thirdly, managers and

engineers must have the ability to assess adequate demand, potential or existent, and

the available endowments in order to achieve sustained growth. All together, these

conditions integrated a production technological system that involved economic, legal,

and sociotechnical factors. Simultaneously, this system provided structure and

guidelines, setting a pattern, a way of doing things, such as how to do machine building

that could be adjusted or adapted according to diverse settings and needs. The

interplay of the above system compelled the mobilisation of machinists, tool makers,

technicians, engineers, patents, and resources that were particularly suitable for the

business of machine building. Eventually, the capacity of machine builders, tool

makers, engineers and financiers to build and maintain local and international networks

for allocating their manufacturing machines, tools, and steam machines in local and

foreign markets facilitated the translation of steam-technoscience, opening industrial

opportunities in other countries such as Mexico.

In the same manner, from Watt’s and Boulton’s industrial partnership, similar

comparisons can be drawn that are applicable to the case of the FundiciOn as well. As

Watt and Boulton developed a technological system for building steam machines, so did

Alejandro Loubet, Francisco Echeguren and JoaquIn Redo for the same purpose.

Loubet, the Echegurens and the Redos became business partners in the machine

construction of engines and boilers on a large-scale. These men had economic and

political power. The three previously described sine qua non conditions were in

existence in Mazatlán. Firstly, they established an iron foundry to produce diverse

metal castings for machine components. The foundry had access to coal, steel, iron,

furnaces, and tools. For the machine building, they used engineering and mechanical

knowledges. Also, they were able to mobilise and train metal workers and machinists.
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Secondly, the Echegurens and the Redos had aptitudes for organising and financing.

They also built the necessary networks to facilitate legal and fiscal processes pertaining

to the industrial activities of the FundiciOn. Thirdly, Loubet had the academic

credentials and job experience to manage the foundry. He also had the support from

his partners to assess the local demand for steam machines and together they provided

the endowments for the integration of a technological system that involved economic,

legal, and sociotechnical factors. Although the comparison of both cases fulfilled much

of the sine qua non elements, it also brings to the analysis other aspects of technology

that shaped the sociotechnical arrangement of the Fundición, including, for example,

the development of empirical knowledge of machine building in situ, access to codified

theory, and building materials.

A particularly good illustration of the influence of specific historical contexts on

the development and local adaptation of the steam-technoscience that reunites

empirical knowledge in machine building, access to codified theory and building

materials is provided by the case of the Cornish pumping engine which also serves to

highlight the transactions that made possible the construction of the machine.

According to the Engineering Facts and Figures for 1864, An Annual Register of

Progress in Mechanical Engineering and Construction, to build a Cornish pumping

engine in England, with a double-acting steam engine to produce a combined force of

350 hp, and a stroke of ten feet had a cost £35,000: €15,000 in buildings and

machinery, and €20,000 in design and materials. In this example, many transactions

and networks made it possible for Cornish engineers to have access to iron and coal,

machineries, metal casting facilities, tools, tacit and codified knowledge, and to

establish negotiations to make local costs of supplies, transport and handling affordable

to them in order to produce a highly functional engine.

Similarly, when in 1877, the Fundición de Mazatlán, an iron foundry owned by

Vicente Ferreira and JoaquIn Redo produced their first pumping engine for mining,45 the

Cf. El Minero Mexicano, Dic. 14, 1876: 416-17; Chas W. Zaremba, The Merchant’s Tourist Guide to
Mexico (Chicago: The Althrop Publishing House, 1883) 108; Arturo Carrillo Rojas, Los caballos de vapor
83. For accounts of mines using steam power in Sinaloa since 1877, see Emiliano Busto, EstadIstica de
Ia Repüblica Mexicana. Estado gue guardan Ia agricultura, industria, mineria y comercio (Mexico, 1880)
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foundry paid $36 pesos per ton of pig iron imported from England and the price for

casting pieces of ‘complicated work’ was $12 to $16 pesos.46 Based on this data, and

considering that a single-acting steam engine of ten horsepower which could be the

case of the machine built in 1877 consisted, more or less, of fifteen basic machine

components, the cost of furnished iron at a cost of $16 pesos per piece would be $240

pesos, or, approximately, seven tons of imported pig iron. The same machine would

cost about $6,720 pesos in materials if the foundry used furnished iron from Durango

produced by The Piedra Azul Iron Works at $448 pesos per ton.47 Even if the Fundición

de Mazatlãn had had access to the iron deposits of Durango, high prices were due to

handling and transportation. At the time, there were no direct railways from Durango to

Mazatlãn and iron would have had to have been transported to the north to the

Southern Pacific or Texas railways and shipped to El Paso and, from there, to Guaymas

and Mazatlán. In 1892, Mazatlán was, according to Hubert Howe Bancroft, “a spacious

and commodious harbour” but he also said that “no real prosperity can be anticipated

until the International railway shall be completed to that point”.48 Even by 1903, Sinaloa

was still without a railroad and was a region unknown in the United States.49 For this

reason, local adaptation was necessary. For example, the iron was produced in

Mazatlán by remelting English pig iron that made the machine building more

competitive despite the casting of pieces with imported material. In retrospect, the

construction of both Cornish and Mexican engines suggests that local conditions—

accessible transports or lack of them, and access to low-cost coal and iron — shaped

the machine building process and forced machine builders to develop strategies aimed

at controlling their local and international networks. In particular, the Mazatlán foundry

had the knowledge to adjust their machine designs according to the local availability of

312-319. This foundry, Fundición de Mazatlán, later would become the Fundición de Sinaloa as it would
be explained in Chapter-Station 4.
46 According to “El Cerro del Mercado de Durango” by Federico Weidner, quoted in Border Sates of
Mexico by Leonidas Hamilton (1893) 179-1 80.

Cf. Hamilton, Border States of Mexico: Sonora, Sinaloa, Chihuahua, and Durango (New York, 1883)
180.
48 Cf. Hubert Howe Bancroft, Resources and DeveloDment in Mexico (San Francisco: The Bancroft
Company, Publishers, 1893) 247.

Cf. Consular Reports, United States, Bureau of Foreign Commerce, Department of Commerce, Labor,
and Manufactures, vol. LXXI, 268-271 (Washington: Government Printing Office, 1903) 173.
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iron and develop the networks for surviving the local economic conditions of supply and

demand.

Another feature of how contexts shaped the machine building is the fact that

Cornish engineers, in the first half of the nineteenth century, and based on the available

evidence, did not protect their inventions by means of patents.5° Also, secondary

sources suggest that many machine designs were freely replicated in Mexico beginning

in 1877, and that the necessary conditions for iron production, codified machine building

knowledge, and metal casting facilities were present in the region of Sinaloa. In other

words, international and local actor-networks facilitated the translation of the most

advanced machine designs, know-how and engineering knowledges that were free of

proprietary rights. In the case of the Cornish engine, technical improvements were

deliberately and actively popularised, not least by means of the publication of

Engineering Facts and Figures. This practice of knowledge sharing established by

Cornish engineers exerted a very favourable impact on the rate of steam-innovation on

the basis of empirical testing. This process of ‘learning from others’ was also reinforced

by more familiar processes of ‘learning by doing’ and ‘learning by using’, leading to a

sustained improvement of the thermodynamic efficiency of Cornish engines throughout

the first half of the nineteenth century. In addition, based upon the analysis of the

information contained in the Engineering Facts and Figures, it is interesting to note that

this remarkable progress was attained without the guidance of a full-fledged

understanding or theoretical analysis of the working of the steam engine. Systematic

collection and analysis of performance data allowed Cornish engineers to individuate a

set of sound design principles that could successfully be used to project efficient steam

engines, bypassing their imperfect understanding of the actual operation of steam

technoscience.

° The Engineering Facts and Figures issues from 1863 to 1869 popularised a great deal of machine
designs; casting techniques, how to punching and drilling holes in iron plates; how to adapt pump roads;
construction of valves and valves gearing, and more. In particular, the introduction of the single-acting
Cornish engine for pumping purposes, to London, dates from the year 1837. See Engineering Facts and
Figures for 1864, Ed. Andrew Betts Brown (London and Edinburgh: A. Fullarton and Company, 1865)
123.
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From the Cornish example, some important facts are derived that help in the

analysis of the FundiciOn. In order to achieve machine building, engineering designing

requires technological capability in situ, such as technicians, machine workers, building

materials, shop machinery, blast furnaces, organisational principles, easy to use

codified knowledge, machine design principles free of proprietary rights and more.

These conditions were previously described as sine qua non. In consequence, the

evolution of the FS depended on the transformation of steam technoscientific

knowledge into a code that could be understood by a wide set of users carrying out the

machine building. For instance, unless Alejandro Loubet and technicians were able to

teach large numbers of individuals or to transform skills into organising principles, the

craft shop of the Fundición would be forever a simple shop, perhaps for basic tool

making but not for building engines and boilers. For this reason, the speed of

adaptation of knowledge determined the rate of growth and the replication of proper

activities determined the achievement of machine production on a sustained base.

Nonetheless, for the Echegurens, the Redos and Loubet, to build advanced

steam engines by the 1890s, an evaluation was required of the costs for large-scale

production of machinery based on national supply and demand, including the analysis

of international competition, the cost of imports, available endowments such as

construction materials, skilled labour, fuels and fiscal considerations. Under this context,

owners of the Fundición, including Alejandro Loubet, had to decide whether or not to

make capital investments in steam engines. But as well as Loubet, the Echegurens and

the Redos decided to commit capital in order to gain a financial return, based on the

assumption of a local market demanding diverse machinery and technical assistance,

and, as a result, a large number of workers, resources, and networks was mobilised. A

machine for producing machines was set in motion.

The argument is that in Mazatlán, and in the regions of Sinaloa including the

bordering states of Sonora, Durango and Baja California Sur, demand for machinery

and steam power existed that was incrementally expanding, at the same time as the

Porfirian government was developing policy-oriented ways to persuade international

machine builders and investors to supply machinery for industrial expansion in Mexico.

This technological arrangement —intense international mechanisation and low local
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steam technoscientific capability— had a twofold effect. It advanced local competence

in steam-technoscience to some extent, but limited the emergence of a national network

of machine builders.

The emergence of local competence in steam applications can be confirmed,

more or less, by the analysis of Mexican patents. From the 1860s to the 1900s, a small

number of patents for inventions or innovations concerning steam and internal

combustion engines was registered in the Secretarla de Fomento.5’ This fact suggests

that some technical applications in steam-technoscience were developing, in particular,

those relative to components for locomotives, stationary engines for vessels,

applications for mining and metal casting, and designs for machine tools using steam

and electrical power (Table 1). This data was obtained based on the classification of

1,412 patents according to industrial sectors.52 The patents by themselves serve to

trace the trajectories of Mexico’s industrialisation and give some idea about the

disproportionate relationship between intense production, which demanded

mechanisation, skilled labour and capital, and the limited local technoscientific capability

in terms of trained engineers and skilled workers. For instance, by the 1890s, thirty-two

mining industries in Sinaloa alone accounted for the joint capacity of 5,250 horse power,

and absorbed thirty percent of the machines and boilers produced at the ES.53 At the

same time, from 1890 to 1910, patents diminished simply because no records were

found. It is beyond the scope of this dissertation to examine each of the patents

regarding steam technology.

Interestingly enough for the purposes of this study is the fact that based on the

analysis of patents from 1860 to 1900, the Fundición did not register any engineering

51 Cf. Archivo General de Ia Nación, Fondo Industrias Nuevas (AGN-FIN), GalerIa 5, Mexico City.
52 The patent records recorded in Soberanis are only a small portion of all the patents issued through the
above mentioned period. See Juan Alberto Soberanis Carrillo, “Catalogo de Patentes de lnvención en
Mexico durante el Siglo XIX (1 840.1900). Ensayo de interpretaciOn sobre el proceso de industrialización
en el Mexico decimonOnico”. Bachelor thesis. History. Universidad Nacional Autónoma de Mexico (1989)
234-235; 348-359. This catalogue later became part of the classification system for documents at the
Archivo General de Ia Nación, Mexico City. Also see Edward Beatty, Institutions and Investment 2001,
who, based on Soberanis, documents the process of registering patents including applications, requests
and contracts in Mexico during the Porfiriato.

Cf. Arturo Carrillo Rojas, Los caballos de vapor (1998) 132.
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designs or claim any patents of introduction pertaining to innovations or inventions

utilising steam technoscience. By definition, the Fundición did not make the

appropriation of new information that might have been applicable to the development of

new technology, or that could be utilised, in some manner, in new productive

processes. For this reason, the use of patents as a marker of technological change and

innovation does not apply for the explanation of this particular case. The correlation

between Mexico’s industrial growth —during the Porfiriato— and the registered

inventions via patents do not serve to explain how the Fundición was able to use and

adapt already in situ steam technology. In the same manner, the analysis of the

relationship between traditional processes of technological inventions and economic

activity as developed by the diffusion model does not help to explain how the FundiciOn

achieved its technological practice. The diffusion paradigm, consistently used in

economic history54, considers technological change as a linear process of invention

(creation of novel processes or artifacts), innovation (changes to the adoption of

technological processes or artifacts), and diffusion (wide spread incorporation and use

of certain technologies and processes into diverse productive activities). However,

patents do not always serve to study inventive activity, neither to understand the

development of activities of technological adaptation, especially of the kind practiced by

the FundiciOn. For instance, engineer Loubet did not invent new engine designs but

translated state-of-the art machine design to produce his machines. In this way, Loubet

had to perform many technical adaptations like, for example, to convert the use of

mineral coal into vegetal coal to run engines; to import materials to cast machine parts;

and to facilitate for workers how to follow essential building techniques, such as metal

sheet machining, flanging and riveting. My point is that the case of the FundiciOn

reflects a pattern of technological change within the history of Mexico’s technology that

the country’s economic development does not necessarily help to explain.

Furthermore, many of the activities performed by the FundiciOn were not inventions or

A traditional economic theoretician who focused on the analysis of the correlation between economic
activity and inventions is Jacob Schmookler. See in particular his Patents. Invention, and Economic
Change: Data and S&ected Essays, Edited by Zvi Griliches and Leonid Hurwicz (Cambridge, Mass:
Harvard University Press, 1972).
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innovations but incorporations and adjustments, that is, direct translations of

knowledges and know-how which in turn were followed by organisational change that

could not be easily identified through patents. A case in point would be the use of the

Corliss engine design and its steam-valve system which was extensively incorporated

into the technical advantages of the engines built at the Fundición as seen in the

engineering drawings and photographs. Thus, the translation of engineering

knowledges by Loubet made possible the utilisation of appropriate know-how and the

implementation of a technological system for the large-scale construction of steam

machines based upon the local conditions of Mazatlán.

Overall, the previous examples suggest that the international context of steam

technoscience appears to be the outcome of a complex set of sociotechnical factors,

meaning the knowledge-power processes that inscribe and materialise the world in

some forms rather than others,55 such as using mineral coal as fuel, diversification of

machine design, use of patents for protection of inventions and technological

innovations, and the setting of technological arrangements and codified knowledge. All

aspects acted simultaneously on the supply and demand of machines and steam power

dictated by the conditions of specific settings such as economic, geographical, cultural,

managerial, engineering, and entrepreneurial styles. The combination of conditions and

settings implied varied forms of technoscientific developments despite the fact that all

involved were drawing from the same pool of tech noscientific knowledge.

In the case of the FS, the above mentioned three sine qua non conditions for

machine building were historically present. Firstly, the iron foundry was equipped for

metal casting activities. Secondly, access to iron was secured. Thirdly, the ability of

Loubet, the Echegurens and the Redos to organise and finance local networks of

steam-technoscience provided the basic structure and guidelines including national

demand for engines. Nevertheless, the contingencies of the Mexican setting—

economic, geographical, cultural, managerial, engineering, and entrepreneurial—

played a key role in the business life and technical evolution of the Fundición. The

Cf. Donna Jeanne Haraway, Modest Witness Second Millennium. Female Man Meets Onco Mouse:
feminism and technoscience (New York: Routledge, 1997)7.
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specificity of the setting and its possible contingencies, thus, were determinant in how

machine building could be achieved. Following this train of thought, another good

example of how contingencies interacted in different settings is the case of fuel for

steam engines.

In England and most of Europe, and later in the United States, during the

nineteenth century, the use of mineral coal as machine-fuel became standard and an

economic input of industrialisation.56 In Mexico, mineral coal was not available for

decades, despite the fact that the largest deposits were concentrated at the north of the

country, in the state of Coahuila. These natural reserves, however, would not be fully

exploited until the early decades of the twentieth century, leading to the later industrial

growth of Northern Mexico. According to Francisco Bulnes, Secretario de Relaciones

Exteriores or Secretary of Foreign Affairs during the Porfiriato, and educated in Mexico

as a mining engineer (a common blend for Mexican politics), Mexico, in 1896, produced

200,000 kilograms of mineral coal, an insignificant amount when compared with Great

Britain’s production in the same year of 195 million kilograms. Bulnes affirmed that

“without mineral coal, there would not be industrialism, there would not be accountable

governments [...] mineral coal is the true father for the freedom of science, and for the

power of the great nations”.57 For Bulnes, the real power of industrial transformation

was steam power coming from engines using mineral coal. Prior to this period, wood,

imported mineral coal and charcoal were traditionally used to start up steam engines.

This situation put a heavy burden on the cost-efficiency ratio of any imported

machinery. In the case of charcoal, to make huge quantities was very expensive in

manpower, and a relatively slow process as compared to mining coal.58 Also, it could

56 Cf. Raphael Samuel, “Workshop of the World: Steam Power and Hand Technology in Mid-Victorian
Britain”, History Workshop Journal, 3(1) (1977) 6-72.

Cf. Francisco Bulnes, El porvenir de las naciones hispano-americanas ante las conguistas recientes de
Europa y los Estados Unidos (Mexico: Imprenta de M. Nava, 1899) 99-1 06; 239-248.
58 In 1883, according to “The Journal of Charcoal and Iron Workers”, quoted in Border States of Mexico:
Sonora. Sinaloa, Chihuahua, and Duranqo (New York, 1883) by Leonidas Hamilton, The Piedra Azul
(Blue Stone) Iron Works situated on the banks of the Rio Tunal, five miles from the city of Durango,
produced 6,000 lbs. of pig iron per day and required 175 bushels of twenty lbs. of charcoal to one ton
(2,000 lbs.) of pig iron. The furnaces used pine charcoal from the Sierra Madre Mountains “in small
heaps, by Indians, and most of it is brought in upon the backs of burros”. Trips to and from the iron works
took three days. Also furnaces used oak charcoal made in nearby locations to supply production
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not be made fast enough to supply all the machines that were introduced into the

country. To aggravate this situation, vast timber reserves were exhausted first, during

Spanish colonisation, and second, when the railway construction in the 1850s used the

last available forests.59 Eventually, stationary steam engines and those working in

locomotives were modified by Mexican technicians and engineers to work with charcoal

and wood, along with imported mineral coal when possible. This process of local

technoscientific adaptation is of special importance for this study because it illustrates

the growth of groups of machine workers and assistants with a variety of knowledges

and skills who were involved in the process of Mexico’s mechanisation.

In contrast, in countries where coal and coal mining was cheap—in some

locations of the United Kingdom and the United States—the most obvious choice of

steam power was for a long time represented by Newcomen type of engines by virtue of

their simplicity of construction and low maintenance costs. In other areas, where coal

was expensive, the low fuel efficiency of Newcomen engines severely limited their use.

In these locations, in the last quarter of the eighteenth century, Watt engines rapidly

became the favourite option because of their superior fuel efficiency.6° It should be

noted that even if the international profile of engine adoption seems to have been by

and large dictated by the access and the level of coal prices, the growth of steam power

demands. For example, a bushel of twenty lbs. of oak was ten cents, and twelve cents for pine charcoal.
Overall, the charcoal was expensive due to “handling and transportation”. Cf. Leonidas Hamilton, Border
States 175-1 77.

Since 1804, Fausto de Elhuyar (1755-1 833), at the time General Director of Mining in the New Spain,
and also Director of the Real Seminario de Minas or Royal Mining College, pointed out that the timber
reserves were already decimated. Also he was aware that mineral coal was scant and the useful deposits
were located in the region of New Mexico, nowadays Coahuila. See Fausto de Elhuyar, AGN, Minas, vol.
28, “Parecer de Elhuyar del 14 de marzo de 1804 sobre bombas de vapor”; Clara Bronstein- Punski, La
introducción de Ia mápuina de vapor en Mexico 90-101; Maria Eugenia Romero Sotelo et al, Mexico
entre dos revoluciones 21-24; Ramón Sanchez Flores, Historia de Ia Tecnolociia 253-258.

According to Sergio Ortiz Hernãn, Los ferrocarriles de Mexico: una vision social y económica (Mexico:
Secretaria de Comunicaciones y Transportes I Dirección General de Ferrocarriles en Operación, 1970)
the construction of Mexico’s first railroad, from the port and city of Veracruz to Mexico City, began in 1842
and steam trains began carrying passengers along the first 11.5 km of the line, between Veracruz and
Hacienda El Molino, in 1850. See also, Gustavo Adolfo Baz, and E.L. Gallo, History of the Mexican
Railway (Mexico: Editorial Gallo, 1876), and Monthly Bulletin of the Pan American Union, vol. 7 (Jul.
Dec.), 1899: 831-832.
60 For a great assessment on the development and technical efficiency of the steam engines in Great
Britain, see John Kanefsky, and John Robey, “Steam Engines in 18th-Century Britain: A Quantitative
Assessment”, Technology and Culture, 21: 2, 1980: 161-186.
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in each country was clearly shaped also by a number of distinctive circumstances as

mentioned before.

In addition to the limitations of mineral coal, many machine design problems had

to be considered. Mexico’s mechanisation during the Porfiriato was the by-product of

foreign technologies and machines that were designed to work in different contexts.

For example, most of the machines were built with materials or alloys alien to the new

setting. In other cases, their mechanical performance diminished because of low

pressure ratios, and even due to defective machine components or inappropriate

installation. As a consequence, in the long run, many of the technologies that arrived

into Mexico did not develop a momentum of their own. At the same time, the

technoscientific assessment of the relationship between the industrial setting and the

appropriate machinery that could fulfil the expected work, as for example, textile

manufacturing, did not always work as an integrated system. The failure of one single

system component to perform reverberated throughout the entire machinery-system

and caused the need for improvements, replacements, adaptations, or the collapse of

other components, thereby disabling the entire machinery-system from achieving its

purpose efficiently or economically.

Within this complex set of sociotechnological contingencies, these and other

problems were soon recognised and corrected by many machine constructors and

engineers. As a result, during the second half of the nineteenth century, steam

technoscience in Mexico was premised upon the previous emergence in Europe and

the United States of distinct design families of machines, each one adapted to the

requirements of a specific application in the industrial sector. Examples are

locomotives, water pumps, mining machinery, steam vessels, construction machinery,

agricultural machinery, manufacturing machinery and more. Based on ideas of

machine designs, manufacturers, engineers, entrepreneurs and other sociotechnical

groups in many parts of the world organised and maintained the trajectory of

thermodynamic machines such as double-acting steam engines, internal combustion
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engines, and steam turbines.61 During the nineteenth century, steam engines were

conventional but the emergence of the internal combustion engines and steam turbines,

between 1870 and 1914, would eventually displace steam engines. Over time, this

variety of machines developed different sets of selection of steam pressures and fuel

efficiency, giving rise to divergent engineering trajectories. This persistent variety of

machine designs is a feature that would characterise a good deal of the history of the

steam engine. What followed soon after was that steam-technoscience and its

industrial applications in Mexico were defined by the interests of international and

national actor-networks characterised by business-entrepreneurs, machine exporters,

and, in a few cases, by engineer-entrepreneurs (which is the case of Loubet and the

FS), in conjunction with Porfirian politicians and authorities, who sought to maintain a

set of technical arrangements that entailed specific processes, knowledges, and fuels,

along with a set of social, economic, political, and cultural relations. Both aspects,

technological arrangements (as part of the corporate and individual interests and their

negotiations) and machine design (as part of the local adaptation of machines and

technologies) were instrumental in Mexico’s mechanisation. In tandem, they decided

where resources would be allocated, people sent and business done in a rational

fashion and by means of mechanical processes that transformed raw materials into

manufactured goods.

In light of the interplay between machine designs, fuels, patents and

sociotechnological arrangements, therefore, the production of steam engines carried

out in the Fundición was a collective process that involved other machines, many actors

and their networks. For that reason it was fundamental to understand how knowledge

about steam technoscience, in general, and knowledge about machine building, in

particular, might have been practiced in Mexico in order to construct steam engines.

The aim was to retrace the possible paths that Loubet and machinists of the FS likely

followed. In other words, by contextualizing what was necessary for machine building

according to the specificity of the setting, this account suggests the possible Mexican

61 Cf. R. Ruben Amengual Matas, ‘Análisis de Ia Evolución HistOrica de las Maquinas Térmicas durante
el periodo 1826-1914 a través de las Patentes Espanolas de Ia Epoca”. Dissertation, Universidad
Politécnica de Madrid (2004) 57-118.
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path as developed by the Fundición, based on the international technological practice of

steam power during the nineteenth century and Mexico’s local conditions at the time.
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Chapter-Station 2: Small, Powerful, and Well Constructed: Steam Machines

Built at the Fundición de Sinaloa

As shown in Chapter-Station 1, engineer Alejandro Loubet and workers of the

Fundición managed to develop ways to adapt steam engineering in order to construct

engines and boilers. Loubet himself made the translation of tacit and codified

knowledges about steam engineering and design into Mexico by using appropriate

machine building processes that were developed during the nineteenth century. Now

the analysis moves from the exploration of the inner workings of the ‘engine’ and

focuses on the ‘chassis’ that holds the body of the engine. This chassis represents the

‘technological system’ that the business partners of the FundiciOn, workers, and Loubet

created over the years to produce machinery. The system comprises equipments,

tools, machinery, workers, technical skills, organisational and administrative

capabilities, and other elements that together allowed the engine of the foundry to work.

These chapter-stations analyse the interactions between tacit and codified

knowledges, system building, and organisational principles that comprise mechanical

engineering. The interplay of knowledges and the instrumentation of organisational

principles facilitated large-scale machine construction. Steam machines, in general,

from the 1870s to the 1900s, followed a standard design and their components were

almost identical in many parts of the world. To illustrate this process of standard isation

in machine design, in the last stations a comparison is made between examples of

machines manufactured in the United States of America and Great Britain with the

engines built at the Fundición. As the analysis shows, international machine

constructors shared the same mechanical conventions and designs. The argument is

that the FundiciOn adapted appropriate designs that at the time were free of proprietary

rights, such as the expired patent of the Corliss engine in 1870. As a result, the

Fundición implemented ways for machine construction utilising proper tools, metal

casting techniques and machine components. The evidence to confirm these and other

facts consists of a selection of engineering drawings and photographs of engines and

boilers designed by the FundiciOn along with pertinent secondary sources of the period

that serve to contextualise ways of producing artifacts and ideas about machines.
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Station 2.1. Showcasing Mexican Engines in the World’s Expositions

Visitors to the 1893 World Columbian Exposition celebrated in Chicago were

amazed to see so many varieties of steam engines, as well as hydraulic and electrical

machinery. Increasingly powerful nation-states, as Tenorio Trillo62 has shown,

showcased their progress through World Fairs, the epitome of nineteenth-century

modernity. They offered idealised visions of what scientific investigation and industrial

technology could bring to humanity. As sources for historical research, World Fairs

provide insights into the dreams shared by participating societies and into how various

countries’ elite groups envisioned their nation as part of a modern and technoscientific

world order. Thus, machinery at the exhibits was the manifestation of human power,

popularising futurist visions of the world to come. But at the same time, machinery

exhibits served to create international networks that facilitated the translation of

engineering improvements, new designs and artifacts. In particular, steam engines

were the focus of the attention of machine constructors, entrepreneurs, machinists, tool

makers, and governments interested in mechanising their nations, or purchasing

patents, or simply updating their techniques and knowledges about machines and

steam engineering.

62 am quoting from the Spanish edition of Mauricio Tenorio Trillo, Artiluciio de Ia NaciOn Moderna. Mexico
en las exDosiciones universales, 1880-1930 (Mexico: Fondo de Cultura EconOmica: 1998).Tenorio Trillo’s
analysis of the Porfirian strategies developed to participate in the world exhibitions organised during the
second half of the nineteenth century has become another obligatory passage point for studies on the
Porfiriato. Nevertheless, Tenorio Trillo does not focus on the Mexican businesses that participated in the
fairs by sending manufactured goods, and in some cases, machinery, as was the case of the Fundición.
Although Mexico participated in many world fairs, it did not in all cases send machinery. Evidence for this
study confirms that the Fundición sent engines and mining machinery at least on two occasions. This fact
is further explained in this chapter. However, I must warn readers that the discussion regarding Mexico’s
participation in such industrial events is limited to the case study of the Fundición. My focus is not to
expand on the analysis of the social and political effects derived from Mexico’s participation in world fairs
but rather to illustrate how the foundry developed international networks. I also have to admit that further
research will be necessary to substantiate how international engineering communities at the time might
have judged and compared the mechanical achievements embodied by the inventions and machines sent
by Mexican manufacturers, in general, and in particular, regarding the engines built at the Fundición. At
the present, this chapter argues that Mexican machine construction was expanding despite diverse
constraints imposed by the international and local contexts. Finally, based on Tenorio Trillo’s work,
Mexico participated in the following world’s fairs (70-75; and Appendix 2, “Economic Cost of the Mexican
Exhibits”, 348-349): 1. London 1851, 2. Paris 1855, 3. Paris 1867, 4. Philadelphia 1876, 5. Paris 1884, 6.
New Orleans 1884,7. Paris 1889,8. Madrid (Historical Fair) 1892,9. Chicago 1893, 10. Atlanta 1895, 11.
Nashville 1896, 12. Omaha 1898, 13. Paris 1900, 14. Buffalo 1901, 15. Saint Louis 1904, 16. Boston
1908, 17. San Antonio 1909, 18. Rio de Janeiro 1922, 19. Seville 1929, 20. Paris 1937, 21. New York
1939.
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At the Chicago fair, the Palace of Mechanic Arts, better known as the Machinery

Hall —a building of 350 feet by 500 feet represented the pinnacle of steam engineering

that was made possible by and through the collective work of many engineers, master

machinists, craftsmen and machine builders from around the world. The building was

specially designed to support heavy machinery and housed two hundred varieties of

steam engines and nearly three hundred engines for water propulsion. In the

Machinery Hall, the Westinghouse Company of New York represented United State’s

technoscientific power with the largest collection of engines. The company by itself

exhibited thirteen engines capable of developing more than 7,400 horsepower units.63

Machinery for all sorts of industrial processes was on display, representing the

technoscientitic developments of the time such as high speed steam engines built with

high standards of workmanship.

Years before, the Porfirian government had spent a large amount of time and

energy to communicate Mexico’s greatness to the world, framed as abundant riches in

natural resources and political and economic security combined with fiscal incentives.

The Paris exposition of 1889, organised to celebrate the centennial of the French

Revolution, was the largest World Fair of the nineteenth century, and an event in which

Mexico participated. From the Paris exposition emerged Mexico’s ‘wizards of progress’,

as Tenorio Trillo named the team of Porfirian elites, intellectuals, and technocrats who

crafted a modern vision of Mexico. This group then formed an efficient team for

producing Mexico’s exhibits at subsequent expositions in Europe and the United States.

Among the ‘wizards’ there were academically trained Mexican engineers, many of them

with previous experience in participating in world’s fairs while coordinating the logistic

and industrial aspects that would serve to represent Mexico internationally.64

63Cf Hubert Howe Bancroft, The Book of the Fair (Bancroft Co., 1893) 312.
64 The following information is relevant for this case study because it shows that engineering was
advancing in Mexico. It also has the value of revealing the areas of expertise and the status of the
engineering profession during the Porfiriato. The data was obtained from Tenorio Trillo’s Appendix 1,
‘The Wizards of Progress”, in Artilugio de Ia NaciOn Moderna. Mexico en las exrosiciones universales,
1880-1930 (Mexico: Fondo de Cultura Económica: 1998) 339-345. The list provides the names,
profession, place and dates of participation of the Mexican engineers that assisted to the world’s fairs
representing Mexico. 1. Antonio M. de Anza (1847-1925), Engineer and Architect, Paris 1889, Chicago
1893, Paris 1900; 2. Mariano Bárcena (1842-1899), Engineer, Philadelphia 1876, New Orleans 1884,
Chicago 1893, Paris 1900; Sebastian Camacho (?), Mining Engineer, Philadelphia 1876, New Orleans

64



The team emerged as a united force within the context of political, technical, and

economic changes in Mexico. According to Tenorlo Trillo, participating in the World Fair

was part of the process of strengthening and reinforcing the Porfirian state and its

program to modernise Mexico, with fairs and the overall modernising process mutually

reinforcing each other. Support for Porfirio DIaz mobilised rival individuals holding

different understandings of progress that comprised the wizards in Paris or Chicago and

the government in Mexico. Overall, the Porfirian elite developed propaganda which

included official catalogues and newspaper clippings advertising Mexico’s participation

in the World Fairs with the aim to correct international perceptions about Mexico,

especially those of Americans who deemed the country’s industrial level as basic or

primitive, particularly since the aftermath of the Mexican-American War (1846-1 848). A

good example of this perception is found in the official chronicle of the Chicago fair

written by Howe Bancroft:

[Mexico’s] display of manufactures consists mainly of pottery, bronze, onyx,
artificial flowers, and textile wares, including, among others, cordage and hammocks
fashioned of henequen fibre, the sisal of modern commerce. Specimens of bronze
work and cotton goods of native manufacture represent two of the new industries of
the southern portion of the republic.65

According to Bancroft’s depiction, Mexican goods were the outcome of emerging

industries and the country was merely a producer of raw materials. Bancroft, however,

was not entirely wrong because the same Poruirian elites crafted the message that the

country offered diverse raw materials as fields for European and American capital

investments. But when Bancroft accounted for the chapter on machinery displayed at

1884, Chicago 1893, Paris 1889 and 1900; 4. Gilberto Crespo Martinez (1853-1916), Mining Engineer,
New Orleans 1884, Paris 1889, Chicago 1893; 5. Leandro Fernández (1851-1921), Geodesic Engineer,
Paris 1889; 6. Manuel Fernández Leal (1831-1909), Chicago 1893, Paris 1900; Antonio Garcia Cubas
(1832-1912), Geographical Engineer, Philadelphia 1876, New Orleans 1884, Paris 1889, Chicago 1893,
Paris 1900; 7. Gabriel Mancera (1839-1925), Engineer, Philadelphia 1876; 8. Albino R. Nuncio (?),
Engineer, Atlanta 1895, Omaha 1898, San Antonio 1899, Buffalo 1901, Saint Louis 1904, Boston 1908;
9. Maximino RIo de Ia Loza (1830-?), Inventor and Chemist, Paris 1889; 10. Luis Salazar (1849-?),
Engineer (Locomotives), Paris 1889, Saint Petersburg 1892, Paris 1900, Saint Louis 1904; 11. José C.
Segura (1845-?) Engineer (Agriculture), Philadelphia 1876, New Orleans 1884, Paris 1889, Chicago
1893, Paris 1900; 12. Carlos Sellerier (?), Mining Engineer, Paris 1900, Buffalo 1901; 13. Lauro Viadas
(?), Engineer (Agriculture), Buffalo 1901, Saint Louis 1904. 14. AgustIn Chavez (?) (?) Machinery in
Chicago 1893.
65 Cf. Hubert Howe Bancroft, The Book of the Fair 312.
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the Chicago exhibition, he presented a contrasting picture of Mexico, one that

demonstrated mechanisation emerging from Western technoscience:

“Adjoining the French sector, Mexico and Russia occupy small areas [Mexico had
1500 square feet], the latter covering about 3,000 square feet. The Mexican exhibit is
mainly one of high speed engines, of no great size, but powerful, and well
constructed”.66

In addition to the usual Mexican propaganda, this time there were true technical

experts among the Porlirian wizards of progress who cast technology-based artifacts in

iron and steel. Perhaps for the first time, Mexico shared the language of steam power

with other participating nations at the Chicago exhibition. As shown in the official

speech of Sinaloa State’s Governor Francisco Cañedo of 19 September 1893,

addressed to the State’s Congress, these high-speed engines were built at the

FundiciOn under the supervision of engineer Alejandro Loubet and his team of skilled

machine workers:

A steam engine exhibited by the FundiciOn de Mazatlán and built in that port under
the supervision of Mexican engineer and active industrialist don Alejandro Loubet,
has had the honor of catching the attention of that country of iron, steam and
electricity [referring to the USA].

In fact, the Fundición sent two steam engines, of forty-five and sixty-two

horsepower, respectively.68 Engineer Loubet knew very well the engineering

international language of progress shared with other participating nations, as, as we

have already seen, Loubet was trained in France and the United States. He developed

a personal adaptation of steam machines as specific forms of mechanical work (mining,

sugar mills), and with the machine as an engine-technique with movable components.

Loubet embodied the adaptation of steam-engineering under the social and cultural

emergence of Mexican nationalism alongside industrialisation and the skills to

materialise it. In other words, Loubet adapted the international mechanical technology

66 Cf. Howe Bancroft, The Book of the Fair 337.
67 The original text in Spanish is: “Ha cabido Ia honra de liamar Ia atención en aquel pals del fierro, del
vapor y de Ia electricidad, con una máquina condensadora, exhibida por Ia Fundiciôn de Mazatlán y
fabricada en ese puerto bajo Ia dirección del ingeniero mexicano y activo industrial don Alejandro
Loubet”. Cf. El Estado de Sinaloa, 37 (1893) 2.

68AGN-FIN, box 14, file no.5.
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exhibited at the time in the machinery halls by many other nations, according to the

cultural context, to certain ideals of efficiency, and in relation to the users and the

geography and resources of the mining regions of Baja California Sur, Sonora and

Sinaloa, during the 1880s. Indeed, these ‘small, powerful and well constructed’ Mexican

steam engines conveyed notions of universal efficiency of mechanical work and quality

of workmanship. These engines also reveal that Loubet and workers at the FundiciOn

adapted steam-technoscience according to the setting and the industrial requirements

of Mazatlán. The Mexican machine builder had put in place the knowledge, skills,

workers, and system to construct steam machines.

Years later, in 1901, Mexico participated in the Pan-American Exposition

celebrated in Buffalo, New York. According to the Official Catalogue of the Mexican

Exhibits, the Fundición de Sinaloa took part under the “Group LIX, Ores and Metallic

Products”.69 This classification comprised “the metallurgy of iron and steel, machinery,

methods and appliances”.70 The catalogue was not product specific, but in any case, it

reveals that the FS had in practice a well developed system for casting iron, designing

and manufacturing steel products such as containers,71 air compressors (DE4) and

stone crushers based on the Blake model72 (DE2) used for mining and construction

purposes. In retrospect, participation in the World Fairs may have had some benefits

for the FundiciOn and for Sinaloa.73 For example, the business partners could create

new networks with international machine builders and suppliers; advertise their services

Cf. Official Catalogue of the Mexican Exhibits (1901) 70. Also on this page is mentioned that
photographs of the foundry are included but unfortunately were not printed.
° Cf. Official Catalogue of the Mexican Exhibits 184.
71 Cf. Emiliano Busto, BoletIn de EstadIstica, Ministerio de Hacienda y Crédito Püblico (Mexico: 1890)
314.
72 A crusher is a machine designed to reduce large solid material objects into a smaller volume or smaller
pieces. Eli Whitney Blake invented the first successful mechanical rock breaker -the Blake jaw crusher
patented in 1858. Blake adopted a mechanical principle known in mechanics as the toggle linkage. The
Blake type jaw crusher is still today the standard by which all jaw crushers are judged, and the leading
machine of the class for heavy-duty primary crushing service. Cf. Alban J. Lynch and Chester A.
Rowland, The History of Grinding (Little Town, Colorado: Society for Mining, Metallurgy, and Exploration,
2005) 61.

By 1903, Sinaloa was, according to the Consular ReDort of the United Sates, “a State without a railroad
and one rarely heard of in the United States” but the report also said that Sinaloa “leads the list of
Mexican States in regard to the amount of American capital invested in manufacturing
enterprises”(Consular ReDort vol. 268-271: 173).
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to potential American firms interested in opening manufacturing enterprises in Sinaloa;

and even use the exhibition as a way for advancing contracts. Overall, the Fundición

was positioning its products in the growing Mexican industrial market dominated by

American and European machine builders.

In general, bearing in mind the time between the Chicago (1893) and the Buffalo

exhibitions (1901), it is fair to say that the FundiciOn was at the stage of achieving a

high level of productivity. This means that Loubet, Echeguren and Redo may have

considered expanding their business at the international level by securing a

sociotechnological arrangement that mobilised political connections, capital, and

national prestige as a machine constructor.

Yet, considering that the FundiciOn was since 1877 technically capable of

producing steam machines, it was very likely that the foundry did not participate in the

World Fair of Philadelphia (1876), but might have participated in Paris (1884), New

Orleans (1884), and Paris (1889), respectively. Between the Chicago and Buffalo fairs,

the FundiciOn also may have participated in the Paris international exhibition of 1900,

and after Buffalo, in Saint Louis (1904). Finally, it was very unlikely that the FundiciOn

was represented in Boston (1908), considering that the foundry began to collapse by

1907. This accounting most certainly underestimates the actual participation, and the

number of engines and machines that the FundiciOn managed to send abroad, including

the range of engines (small, single or double-acting). In any case, based on the

FundiciOn’s participation in the World Fairs of Chicago and Buffalo, it was very likely

that the business partners of the foundry had intentions to develop international

networks for the products of the Fund iciOn. To participate in such exhibitions, Loubet,

the Echegurens and the Redos had successfully created national political networks for

negotiating with Porlirian authorities for the inclusion of the Fundición in the Mexican

official delegations that were sent to represent the country in the World Fairs. This

means that the business owners of the FundiciOn had to mobilise machines and

technical teams that were sent to Chicago, and presumably to Buffalo, in order to

exhibit the small, powerful, and well constructed steam engines built in Mexico. In

addition, the international exposure of the Fund ición through the World Fairs could also
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bring considerable prestige to the firm which could be used in Mexico for marketing

products.

By around the 1900s, the iron cast engines that Loubet and his business

partners were able to promote abroad helped the Porfirian strategy of correcting the

international perception of Mexico as primitive or as solely a producer of raw materials.

Perhaps the mastery of forging steam engineering techniques by the Mexican Fundición

impressed others in addition to Howe Bancroft. Nevertheless, Bancroft’s favorable

comments upon the progress made by the Mexican industry substantiate the

technological adaptation made by the FS. In any case, evidence indicates that the

Fundición displayed products of recent technological adaptation, and that participation

in the exhibitions gave Mexican industrialists an opportunity to learn of new technology

while creating a forum for the exchange and even sale of ideas and machines.
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Station 2.2. Building a System for Building Machines

Years before the Columbian and Pan-American Exhibitions, the Fundición

started its own path in machine building. Since 1876, engineers, technicians and

workers at the foundry learned to deal with steam engines, boilers, stone crushers, air

compressors, and other machinery in large-scale production, and developed ad hoc

know-how in manufacturing processes that cost time and depended on attempts that

were not without failures and dangers. Their level of technical achievement was

attested, from the beginning, by local firms that purchased machines from the

FundiciOn. In a note published by El Minero Mexicano the editor said that the stone

crushers built in the FundiciOn “could grind five tons of rocks in twelve hours” and that

the locally produced steam machines provided the same high quality performance but

at less cost as compared to the imported machines from San Francisco, California.74

As years passed, favourable public opinion grew, and the FundiciOn diversified

and consolidated its technical capacity. The engineering culture of all those who

El Minero Mexicano, 14 December 1876: 416-17. Also this note was quoted by Juan Manuel Romero
Gil in “La minerIa en el noreste: estancamiento y desarrollo (870-1880), Coord. Inés Herrera Canales, La
minerla mexicana. De Ia Colonia al siglo XX (Mexico: Instituto Mora/El Colegio de Michoacán/El Colegio
de México/Instituto de Investigaciones Históricas-UNAM, 1998: 119-159) 152. El Minero mentioned that
Joaquin Redo was the owner of the ‘fundiciOn de fierro y maestranza para fabricaciOn de maquinaria” in
Mazatlãn. Interestingly, the note pointed out that the machines made there were capable of being taken
apart in sufficiently small pieces to be easily loaded on muleback for transport. This fact suggests a great
deal of adaptation of machine design to fit local conditions. It also suggests that from 1867 to 1885, there
were two iron foundries operating in Mazatlán. One iron foundry was the Fundición de Mazatlán or
Vicente Ferreira y ComDañIa owned by V. Ferreira and Joaquin Redo. This information was also
corroborated by The Merchant’s and Tourists Guide to Mexico (1883: 108). The second iron foundry was
the Fundición de Sinaloa or Loubet y CompañIa owned by Francisco Echeguren and Alejandro Loubet.
During this period, records show that steam engines were produced only at the FundiciOn de Mazatlán
and not at the Fundición de Sinaloa. At an unknown date, Redo bought from Francisco Loubet,
Alejandro’s father, the foundry that later became the FundiciOn of Mazatlán. Carrillo Rojas (1998: 83) had
also confirmed Ferreira’s and Redo’s ownership of the foundry. However, there are no references to
corroborate Vicente Ferreira’s education and skills. Nevertheless, in a thank you letter from mining
engineer Antonio H. Paredes (who was head manager of the mining firm NecjociaciOn Minera Pánuco)
published by El Minero Mexicano (30 January 1878: 321), Paredes thanked engineer J. Brodie for the
machine purchased from Fundición de Mazatlán, and mentioned that Brodie built the machine (there are
no further records on J. Brodie). Paredes expressed his satisfaction and went on saying that “the
machine works well, and competes in quality and price with another machine recently brought from San
Francisco, USA”. This fact suggests that Mazatlán was a hub for mechanical engineers who worked as
designers and technical assistants for the local industries such as NepociaciOn Minera Pánuco. Also it
suggests that state-of-the-art manufacturing machines and steam-technoscience were familiar to the local
businessmen. Based on this information, I also discard the possibility that Alejandro Loubet built such
engines because from 1874 to 1877, he went to France to study. See on Loubet’s education, the
introduction and Chapter-Station I in this dissertation.
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worked at the Fundición was intrinsically flexible and tied to the local conditions, to the

point of developing new designs and prototypes as well as new products. In 1887,

newspaper ads (Photograph 1) in Mazatlán advertised, among many other artifacts

and metal castings produced in the FundiciOn, Cornish pumps, copper and phosphor

bronze products76,and Babbitt metal.77 This means that Loubet, workers and business

partners created a system for building, maintaining and repairing machinery that was

available for those industrial customers interested in buying locally-produced machines.

In the particular case of the steam engines built by the FundiciOn, based on the

examination of the photographs and engineering drawings, the majority followed the

Corliss engine design patented in 1849.78 Because the Corliss model was the leading

machine of the time, it deserves a brief contextualization. Before the patents expired,

Corliss agreed, according to a technical review of the time, “[...] to receive in payment

only the value of the coal saved in a series of years”.79 This meant that royalties were

based on the extensive replication of the design, or, in other words, the more machine

builders using the Corliss design, the more the collection of payments by savings on

coal. By 1862, during the International Exhibition, also known as the Great London

Exposition, Prussia, Scotland and other European countries produced Corliss

engines.80 Soon after, in 1870, when the patent of the most widespread American

stationary steam engine expired, everyone was free to use it and many did, including

Archivo Municipal Histórico de Mazatlán (AMHM), box 57: 1887-411. For future references it will be
indicated as AMHM.
76 According to W.J. Youmans, and E.L., editors of The Popular Science Monthly vol. 27 (New York: D.
Appleton and Company, 1885: 537), phosphor-bronze is a metal alloy that was first developed in
Germany, and later brought into England in 1873. It was an ideal choice for casting, bearings and parts of
machinery, like wheels for example, because of its high straightness, toughness and durability.

Babbitt metal is an alloy used to provide the bearing surface in a plain bearing. It was invented in 1839
by Isaac Babbitt in Taunton, Massachusetts, USA. The term is used today to describe a series of alloys
used as a bearing metal. Babbitt metal is characterized by its resistance to galling. Cf. The Thirteen
Annual Report of the American Railway Master Mechanic’s Association (1880) 72 and 237; Angus
Sinclair, Annual Report of the American Railway Master Mechanics’ Association by American Railway
Master Mechanics’ Association (Chicago: R.R. Donnelly and Sons, Printers, 1888) 94 and 139.
78 Cf. John T. Henthorn, and Charles D. Thurber, The Corliss Engine, and Its Management (New York:
Spon & Chamberlain, 1894) 3-4.

Cf. Engineering Facts and Figures for 1866 (1867) 160.
° Cf. Engineering Facts and Figures for 1866 162-1 64. This section also contains a brief description of
the Corliss engine with focus on the improvements made on the valve gears.
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Alejandro Loubet at the FundiciOn.81 The main reason for choosing the Corliss model

was the advantages of the valve gear system. In one step, the valves reduced the fuel

consumption of the engine by about thirty percent. This was sufficient reason for

businessmen and machine builders to adopt this design. In addition, according to a

contemporary technical review of many test trials to which the hyphened Harris-Corliss

engine was submitted (1864: Fair of the American Institute; 1874: Cincinnati Industrial

Exposition; 1880: Miller’s International Exhibition, Cincinnati), “the Harris-Corliss has

always led all competitors, and all the many well conceived attempts to produce an

engine which would achieve a higher economy, not one, up to the present time, has

realized the hopes of its projectors”.82 Over the years, the proven technical superiority

of the Corliss steam engine made it reliable and subject to large-scale replication

yielding positive results. But perhaps the peak of popularity for the Corliss engine as a

mechanical invention was achieved by George Corliss himself during the Philadelphia

Centennial Exposition of 1876. Corliss constructed a gigantic engine of forty feet above

its fifty-six feet diameter platform that supported its 200 tons weight of components,

such as a colossal steel-cast flywheel of fifty-six tons weight. The engine was a double-

acting duplex vertical model designed for 1,400 horsepower units but could produce up

to 2,500 horsepower units. Steam was supplied by twenty tubular boilers (each one

representing a nominal power of seventy horsepower and the work of the engine at

sixty pound pressure) that were installed in a separate building. The engine required

sixty-five cars to transport its many parts and was completed on the 10th of April, the

day promised by its inventor, and the entire cost of its construction —$200,000— was

borne by Mr. George H. Corliss”.83 On 10 May 1876, the Exhibition was opened and

thousands of visitors came to see the engine which drew many reactions of admiration

81 By the 1890s, there were in circulation a great number of handbooks and other publications that
described how to build Corliss engines. One example is the Handbook of Corliss Steam Engines
(Bridgeport, Connecticut, USA: The American Industrial Publishing Co., 1899) by F.W. Shillitto, Jr. This
particular treatise is also a good example of the high level of codification of technoscientific knowledge
achieved at the time.
82 Cf. John W. Hill, A Pocket Manual for Engineers (Providence, Rhode Island: Published by William A.
Harris, Builder of Harris-Corliss Steam Engines, 1883) 182.
83 Cf. James D. McCabe, The Illustrated History of the Centennial Exhibition, Held in Commemoration o
The One Hundredth Anniversary of American IndeDendence (Philadelphia, PA., Chicago, Ill., and St.
Louis Mo.: The National Publishing Company, 1876) 438-439. I am drawing from McCabe’s description of
the Corliss engine.

72



but of scepticism as well. In particular, for technical observers the visitors and the

engine possessed different attributes. The Journal of the Franklin Institute stated that

“the crowd sought entertaining rather than instruction, and in the mechanical devices,

found it in anything to wonder at, rather than in anything to be studied, comprehended

and learned.”84 About the Corliss the reviewer of The Journal gave scant comments

noting only the size and the novelties of the engine.85 Another technical journal at the

time, Machine and Builder, praised the engine only for its size but not for its plan and

design, considering both aspects “as decidedly inferior, and not up to the present state

of the art.”86 Despite mixed reactions from technical reviewers, the Corliss engine

reached momentum as the invention of the century. In addition, the fact of not having to

pay proprietary rights after 1870 added an extra value while giving access to highly

standardised steam-engineering. Indeed, Loubet was knowledgeable about the

advantages of the Corliss engine, including its characteristic horizontal beam engine

which led to the transformation of large and slow engines into small and high-speed

machines.87 Overall, the internal operation of steam engines was a complex

combination of increasing boiler pressures, increasing speed of engines, and the need

for more accurate control of the speed. As a consequence, the development of

compounding all meant a great technical capability that required buildings, location,

access to coal and iron, cost analysis, training and hiring of skilled metal workers,

acquiring machine tools, and much more. In short, technical groups at the Fundición

were sensitive to the local conditions and shaped their products accordingly. As a

result, Loubet and workers adapted their building methods to produce new artifacts and

established their iron foundry in such a way that everything was part of a centralized

system of every-day doings and negotiations.

84 Cf. Robert Briggs (Ed.), The Journal of the Franklin Institute, devoted to Science and the Mechanic Arts
vol. CII, nos. 607-612, vol. LXXII (June-December), 1876) 362.
85 Cf. Robert Briggs (Ed.), The Journal of the Franklin Institute, devoted to Science and the Mechanic Arts
vol. CI. (1876) 361.
86 Quoted in Louis C. Hunter, A History of the Industrial Power in the United States (Charlottesville:
University Press of Virginia, 1985), 298.
87 Cf. Hill, A Pocket Manuel for Engineers (1883)184-185.
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Station 2.3. Metal Casting, Machine Construction and Tool Making

In 1876, the Architectural Iron Work suggested that the land for a model shop

“should have a water frontage on a navigable stream, be convenient to rail road depots

and steamboat landings, have good telegraphic and mail connections, and be where

skilled labor is easily obtained”.88 When comparing such requisites to the conditions

pertaining to the Fundición, many of those had been met by the late 1880s. Based on a

visit to the site in Mazatlán, and according to maps and other documents obtained,89the

Fundición had a good-sized plot located on Calle del Arsenal at the bay of Olas Altas

(Mapi) which was consistent with a large water frontage. Adjacent to the foundry was,

as it still is today, the Mazatlán Port Customs or Aduana MarItima de Mazatlán, that

since 1875 was equipped with mail service and later with telegraphs.9° In addition, the

Customs had access to steamboat landings and railroad depots. Regarding skilled

workers, Mazatlán was a hub for mechanical engineers, metal workers and machinists

because of the good level of local industries established in the port, many of them

owned by Francisco Echeguren, Joaqumn Redo and Alejandro Loubet. All these men

were business partners of the FundiciOn as well.91

Unfortunately, no documents are available to describe the buildings of the FS.

For this reason, Southworth’s account and photographs of 1898 (Photograph 2) and

Carrillo’s work of 1998 are the sources to document the foundry’s buildings. This

information facilitates the retracing of financial, productive, technical and labour aspects

of the Fundición in order to explain how Loubet, his business partners and workers

were able to manufacture diverse machinery and tools. In addition, based on this

88 Cf. WM J. Fryer Jr., Architectural Iron Work. A Practical Work for Iron Workers, Architects, and
Engineers (New York: John Wiley & Sons, 1876) 2.
89 In December 2007, I did a field trip to Mazatlán and visited the location where the Fundición used to be.
Also I did research at the municipal archives or Archivo Histórico Municipal de Mazatlán (AHMM) where I
found maps, and printed sources of the time, indicating the location of the foundry.
90 By 1883, post, telegraph, telephone and exchange offices were available in Mazatlán according to
Chas W. Zaremba, The Merchant’s and Tourist Guide to Mexico (Chicago: The Althrop Publishing House,
1883) 108-109. By 1889, 116, 630 telegraphic federal lines and 4 offices were established in Sinaloa, one
located in Mazatlãn. See also Rafael R. Arizpe, EstadIstica de las aplicaciones de Ia electricidad en Ia
Repüblica Mexicana (Mexico: TipografIa y LitografIa La Europea, 1900) 37.
91 The industrial context of Sinaloa and Mazatlãn is to be explained on Chapter-Station 4 which also
describes the business history of the Echegurens, the Redos and Loubet.
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information, it is also possible to understand how they followed complex organisational

principles and put in practice ready to use engineering knowledge that was legible for

skilled and unskilled workers. The synergy between all aspects —codified and tacit

knowledge, buildings, machinery, capital, skilled labour, and materials- allowed the

construction of local networks that supplied the necessary resources for machine

building.

According to documents obtained by Carrillo Rojas,92 in 1896 the ES occupied

two lots. One lot was 46.51 x 68.30 meters (152 x 224 feet). The second lot was 41.06

(West) x 41.9 (South) x 32.68 (North) (134 x 137 x 107 feet). As recommended by the

Architectural Iron Work, an ideal total plot of land should be 300 x 250 feet93, equal to

75,000 square feet or 1.72 acres. The first lot of the FundiciOn was 34, 048 square feet,

and the second lot was 32,796 square feet. The total surface was 66, 844 square feet

or 1.53 acres. This means 8,156 square feet less as compared with the suggested

footage. Stated in another way, the total footage of the Fundición accounted for eighty-

nine percent of the required land.

By 1898, Southworth estimated that the installations occupied two street blocks

or manzanas (107, 636.75 square feet each), more or less 215,273.51 square feet or

4.942 acres.94 This fact represented a growth in the plot of land of 3.41 acres in two

years. This could be explained as a result of the fusion into the FundiciOn, in 1896, of

the Arsenal del PacIfico, which required additional land to accommodate the machinery

so as to ensure the best relation with the shops.95 According to Carrillo Rojas, the

Fundiciôn was divided into two buildings. The first was a one-storey building, facing the

Mazatlán bay. It housed the administrative offices, a large warehouse, many

92 Cf. Carrillo Rojas, Los caballos de vapor (1998) 77.

Cf. WM J. Fryer, Architectural Iron Work (1876) 3.

Southworth, El estado de Sinaloa (1898: 135) estimated a total of 82,000 square feet or 41,000 square
feet per manzana or street block. I am calculating the square footage based on the decimal metric system
adopted by Mexico since 1857. Cf. Constanclo Gallardo, “El Sistema Métrico Decimal”, in BoletIn de
EstadIstica de Ia Sociedad Mexicana de Geografla y EstadIstica, tomo 10 (Mexico: Imprenta de Vicente
Garcia Torres, 1863) 547-553; Felipe Tena RamIrez, Leyes fundamentales de Mexico, 1808-1964
(Mexico, Editorial Porrüa, 1964); Eduardo MartInez Baca, Mining Law of the United States of Mexico
(Mexico: Published and Printed by F.P. Hoeck, 1899) 112.

Cf. Carrillo Rojas, Los caballos de vapor 70.
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subdivisions for machine shops, the Bessemer blast furnace and cupolas, machine

tools, and supplies for metal casting. It was highly possible that the cupolas were

placed at the centre of the length of the foundry because in the same area was a boiler

with eighty horsepower to supply steam for two engines of seventy and ten horse

power, respectively. In such a way, power could be delivered to all quarters.96 The

second building was a three-storey that had been recently built, and that was connected

to the other building by a bridge crossing over a street at the second floor level. The

third floor was used for machine design and drawing. On the second floor were

carpenter shops. Southworth said that furniture of American styles was produced and

exported to the United States. Also, wood frames were built for helping to set engines.

On the ground level additional storage existed for supplies such as wood, coal, and

coke,97 all materials used as fuel in iron-making.

The FundiciOn imported pig iron (the intermediate product of smelting iron ore

with coke and resin) and produced its own cast iron (by remelting pig iron) and steel. In

this section, adjacent to the materials, there were the erecting shops to lay down iron,

and the assembly-shops for engines. Southworth estimated the cost of machinery to be

$100,000 pesos and the additional cost of equipment and installations at the same

amount. By 1898, a total of $200,000 pesos was a considerable investment.

Southworth also calculated 150 employees working in the foundry. In 1898, skilled

workers at the FundiciOn made between $3 to $4 pesos per day, whereas apprentices

made between $1 to $1.50 pesos per day.98 These wages were substantially above the

average when compared to other industrial sectors at the time. For example, by 1900,

machinists working in tobacco rollers made between $.080 and $1.00 pesos per day

whereas skilled workers in the breweries were paid between $1.20 and $1.70. Mine

workers were classified into two groups according to their skills. Skilled workers were

96 Cf. Carrillo Rojas, Los caballos de vapor 79.

Coke: Coal derivative resulting from the distillation of bituminous coal in the absence of air. The
distillation process removes all of the volatile material from the coal so it can be used as a very intense
source of fuel in cupola melting. Source of some carbon found in iron. Cf. Atlas Foundry Company,
Glossary of Foundry Terms. Online access at: http://www.atlasfdry.com/index.html.
98 Cf. Southworth, El estado de Sinaloa 136.
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paid between $ 2.20 pesos to $3.50. Less skilled workers made $1.50 to $2.10.

Wages suggest that the Fundición was constantly attracting skilled machinists and was

competing with other industrial firms to secure its own labour power. From a financial

perspective, it was possible that 150 to 200 men were employed as producers,

including foremen, and the rest were administrators, engineers, draftsmen and staff.

Overall, despite the lack of evidence and based on the number of employees, payrolls

were of considerable volume in addition to taxes, raw materials, running the engines,

and other expenses.

Based upon this information, the FS was technically competent at two levels.

One was metal casting and the second was machine construction and tool making.

This technical capability indicates that the period of apprenticeship and adaptation had

reached its culmination. In other words, the foundry was a dynamic industrial business,

integrating the combined organisational capabilities for forging machine components —

such as pistons, rods, shafts, cranks, frames, flywheels, cylinders, and valve gears- and

for manufacturing artifacts of a system-type such as boilers, engines, air compressors,

stone crushers, including tools for machine construction. By 1904, the quality and finish

of the machines produced by the FundiciOn compared favorably to those made

anywhere. The ES had also developed an array of architectural iron works such as

fences, skylights, lighting rods, park chairs, furnaces, chains, doors, mouldings,

baseboards, iron fronts, pipes, drains, faucets, taps, metal roofing, barbed wire, bolts,

diverse types of nuts and screws, nails, metal alloys based on copper, antimony, bronze

phosphorus, and lead for mechanical strength in machine components and tools.10° In

the heavier classes of work, steam power was applied to the coarse, preparatory stages

of the production of metallurgy and metal casting, notably in puddling, rolling, stamping

and cutting out, but most of the precision work was most likely hand-tooled, whether by

fitters or turners.

In general, the Eundición had the building facilities, shops, fuels, raw materials,

skilled workers, equipment, and capital to supply national industry and transport with the

Cf. Mario Martini, Grandeza Mazatleca (Mazatlán: Editorial Paralelo 23, 2004)105-106.
100 Cf. Southworth, El estado de Sinaloa 85-86.
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required machines. The Mazatlán foundry used steam-powered machinery in

manufacturing which was positively correlated with the size of the establishment as

shown before. The combination of machinery and a centralised power source created

both technical and labour divisions in production, leading to efficient plant scales. Thus,

a defining characteristic of the ES was the use of improved technology embodied in

machinery supported by a large and specialised labour power. Most likely, the

manpower operating in the workshops of the FundiciOn developed first hand experience

and training in other local workshops that belonged to local firms including those in
mining and textiles. Other traditional means to learn and communicate technical

knowledge began to gain momentum by the 1870s, when the impetus of mining, textile,

agriculture and railway construction increased the number of skilled workmen and

craftsmen in Sonora, Sinaloa, Durango and Baja California.

In particular, the production of engines and boilers made by the Eundiciôn had

two separate but parallel processes, as was conventional at the time.101 From 1883 to

1891, engines were built at the workshops of the ES. From 1891 to 1896, boilers were

produced at the Arsenal del PacIfico, located in Mazatlán as well, and owned by

shareholder JoaquIn Redo. In June of 1896, the Arsenal was dismantled and the

machinery was joined to the EundiciOn beginning thereon the production of both

artifacts. This incorporation of equipment and machines provided a significant boost to

the future of the Fund ición.

However, before the ES became fully consolidated as a machine building

business, its owners made several mergers of partnership by changing capital and the

company’s legal name. Due to the length and significance of these financial and legal

transformations, these business modifications are described in Chapter-Station 4 in

order to explain how the business partners developed different interests and notions of

technology.

101 British and American machine builders followed the practice of producing engines and boilers in
separated locations mainly because of security concerns and cost reductions on manufacturing
processes. Cf. Frederick coyler, A Treatise on Modern Steam Engines and Boilers (London: E. & F.N.
Spon, 1886), and Emory Edwards, The American Engineer (Philadelphia: H.C. Baird & co.: 1888).
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From 1891 to 1906, the Fundición built 102 stationary engines with diverse

characteristics such as single-acting and double-acting pistons that were semi-portable

and portable, vertical and horizontal, including a wide range of power ranging from 5

horsepower to 203 horsepower. 102 Table 2 shows the annual production of engines

and boilers. Table 3 shows the total number of engines produced at the FundiciOn

based on horsepower units. Regarding boilers, the FS built 131 of them including thirty

vertical, four marine, and ninety-seven horizontal, with diverse horsepower capacities

and styles as, for example, the fire-tube model —vertical and horizontal— which was an

externally fired, return-tubular type. This type of boiler was traditionally designed to be

coupled with the engine’s pipes for stationary steam engines. Small boilers regularly

had less than twenty horsepower and sixteen boilers were built to develop up to one

hundred horsepower. According to records, the ES produced three types of boilers:

Plain Cylinder, Cornish and Scottish. Each type represented varied challenges for

design, machining, and manufacturing, as well as economic advantages for small and

medium scale industries. Table 4 shows the total number of boilers produced at the

FundiciOn based on horsepower units.

For safety and commercial purposes, the Fundición numbered each engine and

boiler beginning in 1891.103 Numbering machines was customary between machine

builders in the United States and Great Britain, and shows that the Mazatlán foundry

was familiar with many of the foreign machine building practices of the time. Also, the

importance of these techniques illustrates the level of engineering expertise developed

by Loubet and his team of machine workers to produce accurate designs and diagrams

for high speed engines. Without them, operations such as valve-setting would have

been extremely difficult to perform in order to control a vast array of technical problems

that would render inefficient a machine component or the entire mechanism.

Unfortunately, evidence obtained from primary sources for the period between 1888

and 1906 is incomplete.104 Yet some reports indicate that engines and boilers were

102AGN-FIN, boxes l4to 17.
103 Cf. Carillo Rojas, Los caballos de vapor 113.
104 Many documents from government agencies such as Hacienda, Guerra y Marina, and Fomento, which
comprises the body of files of AGN-FIN, do not provide either technical or labour information about the
Fundición.
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commonly classified by size, type of frame, either vertical or horizontal, by number of

engines, and horsepower. In addition, weight and cylinder specifications were also

indicated. Engine number 6 (built in 1892) was designed to be a compound, two-acting

cylinders of 0.20 x 0.30 meter each, with a combined power of 28.58 horsepower per

engine to produce a total of 57.16 horsepower. In contrast, information for engines 32

(built in 1895), 52 and 53 (built in 1899) does not mention the cylinder dimensions or

horsepower. These five engines were built for mining purposes under special design,

as was the case of engine 54 (built in 1899) which was a double-acting engine for water

pumping ordered by La Pirámide Mining Co., with thirty-two horsepower and two

cylinders of 0.23 x.030 meter each (Photograph 3). This technical information reveals

the engineering versatility of Loubet and workers of the FundiciOn, and the level of

technological adaptation developed to produce machinery. It also serves to illustrate the

complexity of the manufacturing process; the levels of technical skills required and,

most importantly, how the FundiciOn managed to build a system for machine building.

In addition, this large and heterogeneous sample of technical specifications also

indicates that construction of machinery used to repair and maintain engines and boilers

also became an important component of the machine building. In short, construction of

engines and boilers, and construction of machinery for repairs, are indicators of the high

level of integration of technical systems developed by the foundry.

For example, engines under the range of one meter of diameter of flywheel

weighed around 150 to 200 kilograms, whereas engines between three to four meters in

diameter could be beyond one ton. This fact suggests that machine builders at the

Fundición were knowledgeable about how to design and cast flywheels in one piece or

by sections, and also were aware that the greater the weight of the frame, the more

smoothly the engine could run. But they also were aware that to repair any cast piece

of engines, the FundiciOn had to supply machine tools, cranes, turntables and a welter

of lesser equipment and replacements parts.

In addition, the Mazatlán machine builders knew that the cost-production ratio of

daily operations was based on the amount of castings and materials used.105

105 Cf. Fryer, Architectural Iron Work (1876) 9-14.
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Therefore, it was extremely important for them to avoid waste in forging and to expedite

operations to keep production costs affordable. In another example, two machines

weighed four tons, and one reached six tons. These castings were exceptional cases

of heavy forging from the ordinary technical processes and financial resources, no less

in time than in materials. Unfortunately, information about horsepower capacity and

other specifications is missing, and even the location where these machines were sent

to work, that could serve to explain the machine design conditions, is not available. The

argument is that the Fundición created a fixed machine building system that was flexible

enough to adapt and adjust according to specific needs and client requirements. Thus

the machine building system of the FundiciOn was supported by metal casting and

forging, construction of machinery used to repair and maintain engines and boilers, and

technical teams of skilled workmen. The entire system entailed several technological

adaptations that were translated into empirical practice or ways of doing machine

construction, and were shared by all those who worked in the workshops, metal casting

sections, carpentry shops, blast furnaces, and more sections that integrated the system

of the foundry.

Based on available engineering drawings it is possible to cross reference

documents. A total of 126 drawings were found: seventy-nine for engines and forty-

seven for boilers.106 Also, engines and boilers were photographed, as required by

government policy.107 Between 1892 and 1905, seventy photographs were taken.108 In

some cases, the name of the purchaser or business name is displayed on the pictures,

including some technical specifications (size, horsepower), and the control number of

the engine. In almost all cases, the name and signature of the technical inspector acting

on behalf of the government appears on the reports. Engineer Natividad Gonzalez was

appointed by the Federal government and the Mazatlán Customs, and he elaborated

several reports to comply with official provisions. In general, reports calculated

horsepower capacity and described technical specifications of engines or boilers; they

106 Cf. AGN-FIN, boxes 16 and 17.
107 The analysis of visual methods of representation of steam machines is developed in Chapter-Station
3.
108 The visual analysis of photographs of engines built at the Fundición is developed in Chapter-Station 7.
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were added to the copies of engineering drawings and photographs. Authorities used

these reports to control accurate horsepower because, as Watt did in 1782, this

convention served to calculate nrimas or royalties for every engine produced. For this

purpose, a unit of seventy-five kilograms per horsepower unit was established. 109

Finally, each engine or boiler needed to have a technical certificate issued by engineer

Gonzalez documenting the total amount of horsepower produced when both pieces

were coupled. As an example, engine number I has a thirteen-page report, and was

prepared and signed by engineer Gonzalez on January 5, 1891. Reports are scattered

and many are incomplete or missing. However, they serve to reveal other relevant

engineering aspects, as for example, that seven engines were stationary and that one

engine was designed for water propulsion. Despite the fact that no further records are

available to analyse the rest of the machines, based on previous information it is fair to

say that the majority of engines were stationary, considering their dimensions and

weight, with a significant minority being portable. All of the above mentioned aspects

confirm that the Fundición developed a versatile level of engineering performance that

responded to changing local market conditions.

Also, this information serves to establish that almost every machine was custom-

made to fulfill the buyer’s requirements, to the point, in many cases, that engines were

designed to be taken apart in small pieces for transport. In addition, as stated before,

Loubet followed the layout of the Corliss valves, with one at each corner of the cylinder,

but in other cases, he used other valve gears, as for example, the Porter-Allen’s valves.

All these facts suggest that the FundiciOn followed state-of-the-art machine-building

procedures and built their engines based on the most advanced designs of the time.

For example, regarding construction, engines and their components were made

sufficiently strong to withstand the forces they had to experience over time, and to

reduce maintenance to the minimum. Additionally, the Fundición had access to the

necessary equipment to machine a set of different types of castings for tools and

machines as well, particularly in the construction of governors, pipes, and valves.

These engineering capacities rendered engines ready-to run that produced high and

low crankshaft speeds (fluctuations and torque), and were capable of doing work such

109 Cf. AGN-FIN, box 15.
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as powering small water pumps and dynamos, either in stationary firms or in mines,

roads, and other locations that required portable engines. As a result, workers and

engineers of the Fundición were knowledgeable in supplying comprehensive owner’s

installation and operation assistance, along with maintenance and repair service. In

other words, the FS and its technical teams carried out complex and systematic

processes that required skills, training, efficiency, learning-by-doing, and explicit ways

of doing and making.

To attain the benefits of the new machine building techniques by the I 890s, such

as the system of manufacture by interchangeable parts, the foundry required

investment in expensive and fixed-capital intensive machinery. This machinery, in

addition to its potential for enhancing labour productivity, could also advance product

quality by improving the standardisation of the finished product and, in some cases, by

allowing new products to be produced that were impossible to make with older

techniques. By 1904, the foundry had achieved product diversification to attend to local

demand, and was also importing goods, as, for example, the yellow Ticonderoga pencil,

fast-color dyes for cotton fabrics, and other graphite products from Joseph Dixon

Crucible Co. of Jersey City, United States.11°

Succinctly, the Fundición created its local networks to have access to

competitive technology for iron foundry and steam-technoscience. Business

partnerships over the years facilitated the financing and willingness to invest. The

conditions in the Port of Mazatlán and the regional networks in the Pacific that the

Echegurens, the Redos and Loubet established with other industrial firms procured

appropriately skilled workers, materials, both local and imported, while the foundry

created its own training system to incorporate the metal workers and machine builders

that were required. Concurrently, partnerships added key customers (described later),

managerial ability and high-technoscientific knowledge for process capability as defined

by the amount of variation in the output of a controlled manufacturing process. The

technological performance of the ES, however, was constrained by foreign competition

110 Cf. Carrillo Rojas, Los caballos de vapor 79-82.
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of machine builders, local market conditions, transportation or lack of it, business

owners’ prejudices, and political factors.

The combined capabilities of the Fundiciôn for metal casting and machine

construction produced a series of combined critical industrial processes that deserves a

brief discussion.111 On the one hand, steam machinery required specific materials,

metal-cast components following specific patterns, moulding of parts, calculated drilling,

boring, bending, pressing, extensive machinery tools, skilled workers following diverse

processes, and more. On the other hand, there were many technical aspects

concerning the foundry due to the broad diversity of processes used and metals poured.

This diversity resulted in workers, engineers and technicians facing different issues,

such as supplier and customer relationships, labour issues, availability of skilled

workers, access to transport, raw materials, exchanges of tacit and codified

knowledges, and more. Processes used in the foundry included die casting, sand

casting of various sorts, permanent mould, and semi-solid, among others; the majority

of these mouldings were labour intensive. These, in turn, could be further subdivided.

For example, die casting included low pressure, gravity, cold box and hot box, and sand

casting comprises green sand, and so on. A broad range of alloys, from lead to ferrous

and nonferrous was cast in the ES. The alloy used dictated the process used as well as

subsequent processing, heat treating and finishing. In sum, complex industrial

processes were carried out at the Fundición to the extent of achieving specialisation

and accuracy.

In the construction of engines and boilers, mechanical tooling required

mechanical force which was essential for any of the metalworking processes developed

in the ES. Power was provided by engines and boilers as previously described. But

also a keen eye, a steady hand, and an ability to work with precision were also required.

Most of the foundry moulding had to be hand made with manually and steam powered

At this point, my goal is to describe how complex the processes carried out were, and the intricacies of
many of the machine building activities that workers, technicians and engineers had to perform. If so
much level of detail is put here it is to illustrate the nature of two different but complementary systems,
metal casting and machine construction. Also, my aim is to introduce readers to the context of the
Fundición from within the foundry. This internal view retraces the building of the system of machine
building and contextualises the knowing and doing of steam engineering as it might have been practiced.
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machinery. In any case, skilled workers at the shops very likely operated moulding

machinery or automatic tools, as for example, the lathe. Regarding castings, moulds

were wooden and iron cast made to prepare sand to render it suitable for moulding.

Many more shell-cores and shell-moulds, steel bars, and sheet or metal plates perhaps

were imported from Midvale Steel Co. with steel works at Nicetown, Philadelphia,

Pennsylvania, (1867-1 976), including hand-file tools used to shape material by cutting

from Nicholson File Co. of Mont Vermont, Ohio (1864-1 972) in the United States.112 An

extensive collection of hand-tools used in metal working was also available, most locally

made such as files (in a wide variety of sizes, shapes, and tooth configurations), rasps,

forging hammers, metal bars known as upsetters, pressers, and another tool making

devices like grinders, borers, dies, and moulding. These hand-tools followed three

basics types for 1) holding, 2) testing, measuring, and marking, and 3) drilling and

hitting. For marking out (also known as layout) there were specific tools for this crucial

step in the handcraft of metalworking. Marking consisted of transferring the engineer’s

plan —a design or pattern- to the work piece in preparation for the next step, whether it

was machining or manufacture. Regarding these processes, large machine-tools for

general cutting like turning, milling, drilling, grinding, and sawing were necessary. Such

tools comprised horizontal lathes, horizontal boring machines, slide grinding, hand

drilling machines, and hand milling machines to prepare machine surfaces, removal of

elements related to laps, flashes, and so on. In addition, the workshop required manual

grinders and mills for producing very fine finishes, making very light cuts, or high

precision forms for final the assembling of engines and boilers.

Elsewhere, in Britain, including the United States, processes such as forming,

cutting, and joining activities combined the scope of metalworking activities achieved by

handicraft workers.113 The same was most likely the case in the FundiciOn. Each of

these categories contained various processes that had to be followed, although in

different ways, but always with accuracy and speed that depended on personal

112 Cf. Carrillo Rojas, Los caballos de varor 81.
113 To describe the metal and casting processes, I am drawing from Andrew Jamieson, Steam and
Steam-Engines. Especially Arranged for the Use of Science and Art, City and Guilds of London Institute.
and Other Engineering Students (London, UK: Charles Griffin & Company, Limited: 1894). My aim is to
suggest and to illustrate how these processes might have been developed at the FundiciOn. I am not
saying that such activities were followed in that specific manner as described in this textbook.
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judgment. For example, forming was subdivided into casting, deforming and sheet

metal forming. Cutting was subdivided into drilling, turning, milling, threading, tapping,

and grinding. Joining processes coupled materials, usually metals, and had to be

achieved mechanically by hand-hammered or by thermal processes. Forming

procedures modified the shape of the object by deforming it without removing any

material. The metal was then rearranged into a specified geometry or shape by heating

until molten, poured into a mould, and cooled. Another way was heating until the metal

became malleable by application of mechanical force, and the last was by the simple

application of mechanical force. Casting is achieving a specific form by pouring molten

metal into a mould and allowing it to cool. Hot forging was the usual process of moving

heated metal into a specific form by deforming it with tools such as hammers or presses

—manual or powered— while the material was at forging temperature. In joining, forge

or hammer welding —employed by blacksmiths since early times—was the only method

available until the late nineteenth century. It used rivets, threaded fasteners, clips,

clinching, lock seaming, snap-lock joints, and other joining techniques. The main

welding techniques —gas welding and arc welding— are first documented at the end of

the nineteenth century.114 It was possible that the ES used mechanical welding,

primarily, and even hydraulic machine riveting. Riveting is one of the oldest joining

techniques in metalworking. The most important areas of application were initially steel

and boiler construction. From railroad bridges to the Eiffel Tower, machinists and

engineers were using rivets to join almost everything. There were three methods of

riveting known in the 1890s: 1) shearing of the rivets between the plates, 2) tearing of

the plates along the line of rivet holes, and 3) by the crushing of the plate between its

edge and the rivet holes, causing the metal between the edge of the plate and the rivet,

to be forced out.115 Because joining was one of the last stages in the sheet metal

process chain it was a critical point for steam engines and boilers. The joining method,

however, was determined at the very beginning when the part was designed. The

114 Jamieson, Steam and Steam-Engines (1894) 339.
115 Jamieson, Steam and Steam-Engines 330.

86



engineer designed the component according to the requirement specifications and

determined how parts were to be joined.116

At this point in the analysis, the machine building process previously described

had reached a full circle, as part of the historical process of translating steam

technoscience by offering new interpretations of how imported technologies were

subject to adaptation in the workshops of the FundiciOn. By itself, machine building

began with the empirical and conceptual design of pieces, shapes and joints that had to

be precisely followed in many metalworking and machining processes by the many

machinists and metal workers, until the joining was achieved and the final stage to

make the machine originally devised was completed. As shown before, the translation

of steam-technoscience across time and geographies was possible due to diverse

means of communication of knowledges. These means were formal and informal. The

most important was the standardisation of engineering and mechanical knowledge

through codification of knowledge domains, publications, licences, patents,

accumulation of tacit knowledge, teaching and training, mobility of metal workers and

machinists, and face-to-face doing and interplay with machines. Another crucial factor

was the role of a dominant design for engines which was also free of proprietary

knowledge such as the Corliss engine. Increased forms of codification and empirical

practice facilitated more use of steam-technoscientific knowledge. Thus, the Mazatlán

machine builder was capable of creating ad hoc networks and adapted steam

engineering. In the case of many skilled workers in the context of the industrial firms of

Sinaloa and other bordering states, their prior knowledge, accumulated in situated

practice, made it easy for them to exploit and explore new knowledge. This shows that

workers, technicians and engineers were sensitive to technologies, specifically, to

steam-technoscience. Consequently, steam machines entailed a definition of the

relevant problems that the FundiciOn had to solve; the tasks to be fulfilled; possible

patterns of inquiry; the materials to be used according to machine building and steam

technoscience; and the basic types of artifacts to be developed and/or improved.

Furthermore, the local technological system embodied in the FundiciOn can also be

116 An example of the riveting and coupling of a boiler built at the FundiciOn was analysed in Chapter-
Station 1.
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described as the combination and accumulation of knowledges, business experiences,

human capital, financial investments, and diverse networks that made it possible for

machine tools and machine building to be subject to adaptation and large-scale

production in late-nineteenth century Mexico.

Beginning with Loubet’s designs and engineering drawings for construction of the

Corliss-type engine as well as Cornish or Scottish boilers, workers in the ES were

technically capable of performing a large number of activities and coordinating diverse

production processes. Mechanical engineer Loubet had developed a clear philosophy

of steam design based on his over twenty years of work in the field. As a business

partner and technical expert, Loubet was highly linked with metal workers, machinists,

and apprentices, most likely continually training workers and directly participating in the

machining processes while engaged in many problem-solving contexts. In other words,

Loubet’s everyday doings involved design specific for different levels of engineering.

Over the years, at the local level, the shops at the Fundición became a setting for

sharing codified and tacit knowledges. Eor example, manuals, diagrams and drawings

transmitted knowledge to workers. But also simple oral explanations and sketches

communicated to machinists how they should use tools, operate machines, or execute

certain operations. As technical skills became more difficult, combined codified and

tacit knowledges were necessary due to the diverse manufacturing processes

integrated in the foundry (metal casting and machine construction), as previously

described. In other words, workers underwent extensive training to acquire

metalworking skills. Eventually, all those who were directly doing the machine building

at the ES gained more tacit and codified forms of knowledge through experience

accumulated in learning by doing, face-to-face communication, and translation of skills

and knowledges by worker-to-worker from other industrial sectors in connection with

activities of the FundiciOn as, for example, miners and textile workers from neighbouring

regions. Direct interaction with machines led to the development of knowledge and

technical skills related to parts of machines, tools and systems of machinery and cross

cut with codified knowledges. The conduit for the translation of knowledges was the

organisational principles of the ES that shaped the foundry as an industrial institution

where tacit communications happened on a daily basis. Business partner, workers and
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technicians followed specific functions; established wages according to work experience

and technical skills; organised labour divisions and hierarchies, including foremen chief

machinists; and played their roles to make possible the internal functioning necessary

for machine building.

In general, at the international context, machine builders developed networks

and translated thermodynamic machines on a world-wide expanding basis during the

entire nineteenth century opening opportunities for large-scale copy or analytical study

of machines.117 The conjunction of heterogeneous factors, including expired patents for

the Corliss-type engine, and standardisation of steam machines design, allowed

machine manufacturers to improve engines of their own make by shaping prototypes

into new versions as technicians and machine workers did in the Fundición without the

need of patents or legal costs. Metalworking installations in the ES integrated different

shops under one umbrella and attracted machinists and workers with diverse talents.

At the same time, the iron foundry was the ideal setting for the making of steam

machines on a large-scale according to local supply and demand, natural resources,

the development of industrial sectors in the region, capital flow from partnerships;

access to reduced tariffs and sometimes tax exceptions in strategic imports negotiated

with the Mexican government; willingness to purchase locally-made machines; and the

availability of local technical experts, engineers, skilled workers, and more.

To illustrate the interplaying all factors, in 1891, San Buenaventura Mining,

located in the district of Concordia, Sinaloa, owned by Francisco Echeguren Hermana y

Sobrinos, purchased from the FundiciOn, his own foundry, a single-acting steam engine

of sixty horsepower and two fire tube boilers with seventy-two horsepower.118 From

1892 to 1906, thirty industrial businesses in Sinaloa, comprising agriculture, mining,

sugar and flour mills, tobacco rollers, and marine transport, also purchased engines and

117 Good examples are Frederick Colyer, A Treatise on Modern Steam Engines and Boilers, Including
Land, Locomotive, and Marine Engines and Boilers. For the Use of Students (London: E. & F.N. Spon,
1886), and James H. Cotterill, The Steam Engine considered as a Thermodynamic Machine; A Treatise
on the Thermodynamic Efficiency of Steam Engines (London: E. & F. N. Spon, 1896). Both works focus
on engineering students and others interested IN steam engines.
118 Cf. Carrillo Rojas, Los caballos de vapor 145.
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boilers from the Fundición.119 This fact suggests that the FundiciOn established local

bonds of trust, confidence, and even prestige, the result of reiterated reciprocal trust-

based interactions that enabled the Echegurens, the Redos and Loubet to negotiate

and mobilise their own capital-return interests while industrial sectors acquired prime

movers for their own purposes.

So far, this has been the beginning of the sociotechnological assemblages as

described from the inside of the ES. All together, business partners, mechanical

engineers, machinists, metal workers, and equipments helped in the building of the

technological system of the Fundición and in the creation of multifarious networks that

held the machine of the machine. In particular, the FundiciOn was a hub of

heterogeneous ways of translating knowledge, of techniques between workers, and of

managerial and entrepreneurial skills between shareholders who were the main system

builders of the FS. Together, they built a technological system with inside and outside

networks and successfully mobilised a series of resources. At this point, it is now

possible to compare, in the following station, the engines and boilers built in the

EundiciOn with other similar machines constructed in other parts of the world. The aim

is to show how steam-technoscience was internationally standardised and machine

building was developed according to local conditions.

119 Cf. Carillo Rojas, Los caballos de vapor 163.
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Station 2.4. Situated Practice: American, British, and Mexican Machine

Builders

By late-nineteenth century, steam technoscience was internationally

standardised but machine building was the outcome of situated practice. Engineers

and machine builders knew a great deal about steam machines and mechanical

engineering, but, the process of construction of any given machine had to be adapted to

the conditions of different settings. This process of adapting machine building to the

local environment is what characterised the engineering practice of machine builders

around the world, including the Fundición. To be more specific, although machine

builders were drawing from the same pool of steam technology and the specifics of

steam engineering, machine building had to be adapted. Thus, the daily-base interplay

between all those who were involved in the construction of steam machines made

possible the development of a unique system that was functional for that particular

machine builder.

To illustrate these phenomenona, standardisation and situated practice, this

station compares engines designed and built in the United States, Britain, and the

FundiciOn. As I will show, machine builders operating in different times and settings,

adapted their machine building process to suit their local conditions and produced very

similar machines. The sample to be compared comprises three horizontal, single-acting

cylinder engines, constructed between 1870 and 1900, and by different companies.

Designs and engineering aspects between engines are compared to show the level of

similarity achieved in different parts of the world. To provide a general context, each

engine is represented by a photograph or illustration. In addition, based on available

records, I provide a concise description of the particular engine type, along with some

idea of the uses that engine performed.

Because these machines were built based on the Corliss design during the

period in question, the context of the American engine is addressed with the purpose of

following how machine builders adopted this engine design and developed their own

versions. This comparative approach also highlights the level of engineering expertise

achieved by the Fundición and shows how steam-technoscience was codified,
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standardised, and adapted to local conditions. At this point, it is important to bear in

mind that for machine builders and buyers, another reason to adopt the Corliss was that

the horizontal engine represented many advantages.120 The Corliss design allowed the

construction of more compact machines that could be built to higher standards of

engineering which meant high speeds. In addition, fewer parts, with no beam and all its

supporting ironwork, also reduced manufacturing costs and sales prices. For example,

all the moving parts, the crankshaft, crosshead and the piston in the cylinder, could be

aligned on a single bedplate or their sections could be bolted together. Not only would

this give much greater accuracy but because the bedplate could be placed on hard

foundations, the engines were much more solid and steady for a longer time. These

considerations and others were crucial for machine builders in order to achieve

accurate mechanisms of the engine.

But the main reason to choose this particular period (1870 to 1900) is because it

was the heyday of the stationary engine before the arrival of the steam turbine and the

ready availability of electric power provided by utility companies in the three countries

mentioned above. During this time, businesses of all kinds, from engineering

companies, to textile manufacturers, and so on, employed steam engines to provide the

power for their operations. The larger plants would have engines capable of providing

several hundred horsepower and requiring the full-time attention of several enginemen

and attendants. Smaller plants needed engines that could operate safely and reliably for

the duration of the working day with only minimal attention. Those requirements

influenced the design of steam engines worldwide. The operators of larger plants were

particularly concerned with efficiency. Engine efficiency was particularly dependent on

the design of the valve gear that controlled the admission of steam to the engine

cylinder and its release from the cylinder once its energy was extracted. Accordingly,

numerous forms of valve gear were designed in the nineteenth century, thus making

engines more adaptable to the needs of users. As a result, engines manufactured in the

Fundición clearly incorporated high levels of engineering adaptability, thus making

120 am drawing here from Emory Edwards, The American Steam Engineer, Theoretical and Practical:
with examples of the latest and most approved American practice in the design and construction of steam
engines and boilers of every description. For the use of engineers, machinists, boiler makers, and
students (Philadelphia: H.C. Baird & Company, 1888), chapter XVII, “Improved Corliss Engines” 303-325.
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these machines suitable for mechanical work depending on specific conditions such as

space limits, fuel, efficiency, maintenance, skilled operators and types of machineries to

be powered up.
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Station 2.5. The Corliss Steam Engine Company of the United States

As stated before, machine builders around the world adopted the Corliss engine

as their standard machine design. Different companies situated in diverse settings

adapted the Corliss engine according to their machine building systems and produced

thousands of replicas of Corliss models. Remarkably, all of these different mechanical

versions were fully functional and performed according to the state-of-the-art steam

technology.

In retrospect, George H. Corliss (181 7-1 888) developed the high-pressure steam

engine that would become the standard model and design by the 1870s.121 In general,

high-pressure steam engines were followed by compound engines which reused the

high-pressure steam at lower pressures in second, third, and, in some marine engines,

in a fourth stage for greater efficiency. In the second half of the nineteenth century,

high-speed, stationary steam engines122 were introduced and, beginning in the 1880s,

were used to generate electricity until after World War I, when they were superseded by

the steam turbine. In this context, machine-builders around the world, including the

FundiciOn, developed similar mechanical versions of the most basic type of the

stationary steam engine: the horizontal, single-acting cylinder.

The famous Corliss engine was developed by the Corliss Steam Engine

Company of Providence, Rhode Island.123 The company was an especially important

incubator of mechanical engineers and made significant contributions to steam

engineering. Early in his career, George Corliss employed such men as William Sellers

(1824-1905), founder of the William Sellers Company specialising in machine tool

building124; Alexander Holley (1832-1882), who brought the Bessemer steel making

121 For information on Corliss and his innovations, see Dwight Goddard, Eminent engineers: Brief
Biographies of Thirty-two of the Inventors and Engineers who did most to further mechanical progress
(New York: The Derry-Collard Company, 1906) 110-121.
122 Cf. Robert H. Thurston, A History of the Growth of the Steam Engine (New York: D. Appleton and
Company, 1878)
123 Cf. Horace Greeley and Leon Case, The Great industries of the United States (Chicago and
Cincinnati: J.B. Burr & Hyde, 1872) 519-522.
124 Cf. Joseph Wickham Roe, English and American Tool Builders (New Heaven: Yale University Press,
1906) 239-250.
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process to the United States;125 and engineer Edwin Reynolds (1831-1 909) who was

employed from 1861 to 1877.

In 1877, Reynolds moved to Milwaukee where he became general

superintendent of the Edward P. Allis Company founded in 1861.126 In his career,

Reynolds developed and patented over forty improvements in mining machinery,

engines, air compressors, and valve gears. In particular, Reynolds built for the Allis

Company a 2,000 horsepower quadruple-expansion steam engine with a fly-wheel of

thirty feet in diameter. This engine was one of the must impressive attractions at the

1893 World’s Columbian Exposition in Chicago127 in which the FundiciOn also

participated.

Photograph 4 shows a Reynolds-Corliss horizontal, single-acting cylinder engine

built in 1889 by the Allis Company. A similar engine has been recently restored in the

United States by a private aficionado.128 Accordingly, the restored engine has a one

piece band wheel weighing more or less 8,300 pounds and is marked number 118.

Must likely, this engine was used to run a saw mill for the Jenny Bull Falls Lumber

Company (founded in 1879) in Merrill, Wisconsin, from 1889 until the mill went bankrupt

in 1930.

125 Cf. Paul Krause, The Battle for Homestead, 1880-1892: Politics, Culture, and Steel (Pittsburgh:
University of Pittsburgh Press, 1992) 67-80. On pages 52-56 Krause describes the Bessemer process.
126 Cf. Frank A. Flower, Commissioner, First Biennial Report of the Bureau of Labor Statistics of
Wisconsin, 1883-1 884 (Madison, Wisconsin: Democrat Printing Co., State Printers, 1884) 323-330.
127 Cf. Hubert Howe Bancroft, The Book of the Fair, (1893) 311.
128 Cf. The Practical Machinist: http://www.practicalmachinist.com/ Accessed on September 2008.
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Station 2.6. British Machine Builders

In Great Britain, the spread of machine manufacturers came after Boulton and

Watt patented their engine in 1784. Among the many firms were Pollitt & Wigzell and

Needham, Qualter, Hall & Co.129 Photograph 5 shows a horizontal, single-acting

cylinder engine built in 1874 by Needham, Qualter, Hall & Co., Railway Foundry,

Barnsley, South Yorkshire.13° At that time, the company was known as Qualter, Hall &

Co. and produced around two engines per year.

This particular engine was probably installed in a brewery and used to have a flat

belt drive pulley mounted between the flywheel and the outer bearing. The pulley was

removed and the crankshaft shortened. The piston shown in the picture, which was

fitted in the engine, probably was not the original. According to records, for some

reason, machine builders in England did not fit this type of piston in their engines until

around 1881.

129 This section draws from George Watkins, The Stationary Steam Engine (Great Britain: David &
Charles (Holdings) Limited South Devon House Railway Station Newton Abbot Devon: 1968). See also
The National Archives, UK Government records and information management, Pollit & Wiazell Ltd, iron
founders and engineers, call number GB/NNAF/C119590. Online page:
htt://www.nationalarchves,gov.uk/nra/searches/subiectView.asp?lD=B 10533

130The National Archives, Qualter Hall & Co Ltd, mining machinery manufacturers, call number:
GB/NNAF/C121250. See also the Sheffield Archives, Qualter Hall & Co. Ltd. bulk mechanical handling
engineers, of Johnson Street, Barnsley, reference: SY/94/B. Also see copies of photographs from an
album labelled “Mr. C.H. Hall Railway Foundry”, reference: 5Y1941B2, 1890-1900. Online page:
http://www.nationalarchives.gov.ukJdefaujt.htm7source=horne,

Another interesting source is Philip J. Hall, A handful of history, the story of Qualter Hall & Co Ltd.. 1860-
1960, 1960. A copy is available at the Barnsley Libraries, UK. Online page httø://www.barnsey.gov.uk/
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Station 2.7. Mexican Engines: Fundición de Sinaloa

Perhaps the main reason to adopt the Corliss design as standard design for the

Fundición was that Alejandro Loubet, trained in France, enhanced his empirical training

in the United States when he practiced design and machine drawing at the Fulton Iron

Works of San Francisco, California. As previously stated in this study, this machine

builder was specialized in constructing Corliss-type engines. Thus the Corliss was ideal

for its adaptability to suit local conditions, due to Loubet’s direct experience with

designing and interacting with this engine, and, mainly, because it was free of

proprietary rights by 1870.

By 1898, the majority of the 102 engines built at the FundiciOn were stationary,

and many were installed in small local factories. In almost every case, engines were

designed according to special features such as work space, fuel efficiency, low

maintenance, specific speeds, horsepower capacity, and the type of machineries to run.

In general, engine designs, based on the Corliss-type, could easily be adapted for all

ordinary purposes where steam power was required. For example, engines were as

simple as having no parts that could not be replaced or repaired without special tools or

appliances. Furthermore, engines could be repaired in all of their parts if it was

necessary, by any experienced machinist, and in any machine shop, provided it had the

common tools because the motion and arrangement of the parts were remarkably

simple. Considering these aspects, simplicity and adaptability, many of Sinaloa’s

businesses of the time purchased engines built at the FundiciOn, and some other

machines ran factories or mines in neighboring states, such as Baja California,

Durango, and Sonora, and in other remote regions such as Chihuahua, Jalisco, Colima,

Chiapas and even some countries in Central America.131

Photograph 6 shows a Loubet-Corliss horizontal, single cylinder engine

manufactured in 1893 by the FundiciOn. The flywheel, piston rod, cylinder, cross head,

valve bonnets, disc crank, crank shaft, bed section, governor and valve gears were

much alike to those used in many American versions of the Corliss as, for example, the

131 Cf. Southworth, El estado de Sinaloa (1898) 136.
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Reynolds-Corliss engine built in 1889, as shown in Photograph 4, and the British

Needham, Qualter, Hall & Co. engine built in 1874, as shown in Photograph 5. When

comparing designs between samples, all engines shared basic elements, such as

geometric lines, shapes of mechanisms and pieces that were in conformity with the

typical Corliss layout. In particular, all engines have the same type of governor that

made the Corliss engine famous and efficient.

In another example, in order to build high-speed engines, Loubet adapted the

majority of the Corliss’ devices (governor and valve gears) to his own cross compound,

double-acting cylinder engine built in 1901 as shown on Photograph 7. This engine had

a close resemblance with another contemporary machine, the “Eclipse” Cross

Compound Frick-Corliss engine built by the Frick Company of Waynesboro,

Philadelphia, in 1890 show in Photograph 8. In this case, both engines were stationary

for heavy duty and had minor differences regarding cast materials. Loubet’s engine

was predominantly iron whereas the Frick-Corliss was steel. Although the setting of the

valves, pulleys and belts was different, the design was consistent in both engines. For

example, both machines had a small fly-ball governor as a speed control according to

the most approved pattern at the time. Additionally, designers of both engines provided

an independent and separate valve control to each port, and placed them in such a way

that a short passage led with the least amount of waste room to the piston. The

exhaust valves, from their position, drained the water from the cylinder. The valves

were constructed to act as relief valves in certain cases, and the valves themselves

were solid castings from end to end, and separate from the driving steam. The steam

valves were made of deoxidized phosphor bronze alloy, as were also the trunnions or

mounting points; glands, shoes and springs were made interchangeable. Based on the

metalworking capabilities of the FundiciOn it is fair to say that steam valves made of

specific alloys —as the one mentioned before- were constructed at the foundry.

Furthermore, based on the examination of engineering drawings, Loubet’s

technical expertise can be best illustrated when he used another type of engine and its

components as well, such as the steam inlet and exhaust valve patented in 1862 by
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Pius Fink and John F. Allen, from New York, United States.132 This Mexican engine,

built in 1893, according to date shown on the drawing, was stationary, horizontal,

single-acting cylinder and was marked number 15. It developed twelve horsepower; the

flywheel was six inch by eight inch and used the Porter-Allen system as it is shown on

Photograph 9. The Porter-Allen valves enabled single-cylinder horizontal steam

engines to develop up to 150 r.p.m., about three times the customary speed for engines

in 1869, considering that the Corliss valve gear at the time limited the speed to around

forty r.p.m. The valve gears were later installed on the Porter’s engine which competed

with the Corliss around 1862. The Porter-Allen was built in the Southwark Foundry &

Machine Co. of Philadelphia. Porter deliberately kept the stroke of the engine as short

as possible, compared with other engines of the period, to reduce the piston speed.

This innovation enabled a typical engine with a twenty inch by thirty-six inch cylinder to

run at about 100 r.p.m. with a piston speed around 600 ft/mm. According to Southwark

Foundry & Machine Co., “in general, the advantages of this engine are its high economy

in the use of steam; close regulation under widely fluctuating loads; convenience and

economy of installation and adaptability of service”.133 Indeed, Loubet was

knowledgeable about the advantages of using the Porter-Allen governor to build small

and more efficient engines. In addition, the engine’s parts could be accurately fit to

secure smoothness of motion and uniformity of pressure on crank-pins at very high

speeds. Eventually, valve-gear innovations, including the Porter-Allen, led to the

displacement of large engines by high-speed, small, powerful, and well constructed

engines.

At the time, however, the FundiciOn was competing not only with American

engines but with French engines as well. Loubet was quick to realize that prejudice,

particularly by Mexican industrialists was to be overcome only gradually. As a result, it

seems logical that Loubet, echoing his French education, built some of his machines

based on the Boulet engine, contemporary of the Corliss and the Porter engines. Both

132 Cf. Richard Leslie Hills, Power from Steam. A history of the Steam Engine (Cambridge: Cambridge
University Press, 1989) 193-194. It was Charles T. Porter who advised Allen to patent his design and
hereafter the valve gears were know as the Porter-Allen system. See Joseph Frederic Klein, Design of a
High Speed Steam Engine: Notes, Diagrams. Formulas and Tables (Philadelphia: The Comenius Press,
1892: 173-180).
133 Cf. General Cataloaue Southwark Foundry & Machine Co., Philadelphia, 1896: 6-7.
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engines, Boulet and Porter, were exhibited at the Paris Exposition Universelle in 1867.

This engine was designed entirely based on the Corliss model. Records on the J.

Boulet & Cie. Successeurs or Hermann-Lachapelle, the machine builder of the Boulet

engine, are not available. However, the French manufacturer Hermann-Lachapelle was

able to advertise his catalogue of machinery in the newspaper El Correo de Ia Tarde of

Mazatlán, in 1889, as shown on Photograph 10.134 In 1877, the French version

promoted the same machines (Photograph 11), but the Spanish newspaper

llustraciOn Española y Americana, published in 1875 and 1888 promoted different

designs. This time a more advanced Corliss-type engine was showcased as the

epitome of excellence and efficiency. The point here is that the French machines, with

their international prestige derived from the several prizes won at the World Fairs of

1869, 1885 and 1888, persuaded local industrialists of Mazatlán to buy foreign

machines instead of those built by the FundiciOn. Over time, Loubet and his business

partners were able to establish a good reputation and convinced their clients to buy

equally efficient engines but at less cost. For example, in 1886, Miguel Retes filed a

petition to the Municipality of Mazatlán for the installation of a steam engine in his

printing press business. Luis M. Soto Mayor did the same to operate another engine in

his coffee grinding shop.135 By 1889, records show the following petitions to license the

installation of steam engines purchased from the Fundición:

1-Gregorio Martinez: twenty-five horsepower engine for a mill grinding.

2-DIaz de LeOn and Company: unspecified engine for a tobacco roller.

3-Adolfo Thomalen: unspecified engine for a soap factory.

4-Alejandro Gaskin: unspecified business, two horsepower engine.136

The petition filed by Gaskin indicated that engineer Loubet, who had been

appointed Engineering Consultant for the Municipality of Mazatlán in 1887,137

134 AHMM, Independiente-Presidencia, box 57, file no. 411: 1887. El PacIfico, 27 Januaryl 887, number
343: 4. Casa J. Hermann-Lachapelle, newspaper clip advertising stationary and portable steam
machines.

135AHMM, Independiente-Presidencia, box 55, files no. 9 and 10: 1886.

136AHMM Independiente-Presidencia, box 40, file no. 3, documents 5 to 8: 1889.
137 AHMM, Independiente-Presidencia, box 57, file no. 5, 19 December 1887. The document shows the
appointment of Alejandro Loubet as Engineering Consultant for the City of Mazatlán.

100



supervised the installation. From 1887 to 1891, Loubet certified the installation of many

engines and other machinery in Mazatlán.

Finally, there are some other aspects to compare between the American

Reynolds-Corliss engine of 1889 (Photograph 4), the British machine built by Needham,

Qualter, Hall & Co. in 1874 (Photograph 5), and Loubet’s engine built at the Fundición

in 1893 (Photograph 6). From the oldest to the newest of the engines, all followed the

same geometrical layout with small differences in the valve gear fitting, flywheel, disc

crank, crank shaft, and bed section. Although the Reynolds-Corliss, judging by the size

of its flywheel diameter, could easily develop from eighty to one hundred horsepower

units, the British and Mexican engines were of similar proportions and could develop,

more or less, forty-five to fifty horsepower units. The American engine was installed in

a saw mill, the British engine in a brewery, and the location of the Mexican engine is

unknown. However, it is possible to deduce that it was sent to power up machinery in a

medium-size business such as a textile shop.

At their time, these three engines conveyed a defined aesthetic, combining solid

machining and strength, and high functionality. But their most distinctive characteristic

was design and fuel efficiency based on years of empirical testing. The period, 1874 to

1893, suggests little change over time regarding basic machine design but great

improvements concerning the internal engineering of the mechanisms of the engine. It

is also fair to say that design became standardized despite local adaptation. However,

it is impossible to establish accurately what type of valve gears were used in these

engines, but most likely, they would be Corliss or Porter-Allen models.

These three different versions of horizontal, single-acting cylinder engines were

products of a long path in the evolution of steam engineering over the nineteenth

century. Each one of these engines was locally adapted to perform mechanical work,

and each one of them was designed using the Corliss model. The differences in

shapes and components tell us that although design was standard, at the same time, it

was flexible enough to allow machine builders to respond to diverse necessities

imposed by different settings. Adaptation, efficiency and mechanical performance were

in all these engines achieved by three different machine builders, in different times and
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places. These engines were non-human actors that expedited the interconnectedness

of the industrial transformation of the world during the last decades of the nineteenth

century. As pieces of tacit and codified steam-technoscientific knowledge, these

engines operated many kinds of machinery, and did their duty, day in, day out.

Enginemen had to oil their bearings regularly, keep a watchful eye on belts and an

attentive ear to prevent anything going wrong. Absolute regularity and dependability

were necessary to ensure a constant speed against a varying load for the whole of the

working day, week in, week out, year after year. Therefore, it is not surprising that, on

such vital pieces of equipment, so much effort was dedicated. In a process that began

from the engineer’s design to the metal shops, passing through the hands and tools of

many machine workers, to their final destinations to perform mechanical work, Loubet’s

engines played a role in Mexico’s mechanisation,138 comparable to what his American

and British counterparts did in their respective regions as well as in Mexico. For years,

the steam in the cylinders of these three engines rushed out the exhaust valve and the

energy coming out from steam was transformed into useful work by those powerful and

well constructed high-speed machines. The comparison of these three similar engines,

built by three different machine builders from different regions of the world, during the

last decades of the nineteenth century, illustrates in a national and international

perspective the impact of the Corliss design upon the machine building industry, and

constitutes, therefore, another piece of historical evidence of this chapter-station.

138 According to records obtained in the AGN-FIN, from 1891 to 1906, the FundiciOn built 102 stationary
engines and 131 boilers. An estimate of seventy businesses from Sinaloa (twenty-seven of them were
mining firms) absorbed eighty percent of the engines and boilers produced by the FundiciOn which
represented fifty percent of the steam power in the entire state between 1897 and 1903. About eighteen
percent of steam machines were sent to other states, such as Baja california Sur, Sonora, Durango and
Mexico City. A small two percent, representing the case of three engines, were sent out of the country;
one to Guatemala, and for the other two there are no records to confirm where they were sent to.
However, these figures do not help to provide the participation of the FundiciOn in the Mexican market for
steam machines because, simply, no single source contains data on all imported machines through the
entire nineteenth century, and because corporate records of the ES are incomplete or missing. For
example, information pertaining to twenty-one machines built in the ES is to be found in the archives. The
investigation of how many steam engines were imported in Mexico is beyond the scope of this study. The
task would require multiple sources, and the cross checking of listings of imported duties, published by
the Ministry of Fomento from 1857 through the 1890s to separate machinery from other commodities.
But, in many cases, both Fomento reports and the Ordenanzas qenerales de aduanas maritimas and
fronterizas, which are published in the yearly volumes of the BoletIn del Ministerio de Hacienda do not
specify types of machinery and commodities were listed in bulk. Cf. AGN-EIN, boxes 14 to 17; Carrillo
Rojas, Los caballos de vapor 184-1 95.
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Chapter-Station 3: From Paper to Steel: Negotiating Visual Representations

of Machines

A machine that has been drawn is like an ideal realisation of it, but in a material that costs little
and is easier to handle than iron or steel [...] If everything is first well thought out, and the
essential dimensions determined by calculations or experience, the plan of a machine or
installation of machines can be quickly put on paper and the whole thing as well as the detail can
then most conveniently be submitted to the severest criticism [...] If at first there is doubt as to
which of various possible arrangements is the most desirable then they are all sketched,
compared with one another and the most suitable can easily be chosen.

Peter Jeffrey Booker, A History of Engineering Drawing (London, Chatto & Windus, 1963)187.

This chapter-station embodies the ‘design’ phase for the construction of

machines. Its purpose is to understand engineering drawings as technical

representations that played a role in the process of machine construction inside the

FundiciOn, and their uses in the context of social relations between the Mazatlán

foundry and the Secretaria de Fomento. The analysis is based on the visual

interpretation of seventeen engineering drawings of machines, nine of engines and

eight of boilers. Although these drawings do not indicate their draftsmen, according to

evidence obtained, it is possible that they were done by mechanical engineer Alejandro

Loubet (manager of the Fundición de Sinaloa) as he was competent in machine design

and drawing. Another possibility is that the drawings may have been commissioned

from another engineer working for the foundry under Loubet’s supervision.

In the context of the FundiciOn, the utilisation of technical representations served

for the purposes of building different types of steam machines, like single and double-

acting engines or Cornish-type boilers. Drawings are visual representations, objects

that play a role in mediating knowledge and knowing.139 In principle, such drawings and

prints of expert knowledge were conceived for production and to facilitate how to do

machine building. Plans furnished a description of all aspects of design such as shape

139 The process of mediation between knowledges and knowing is complex. The mediation may take
different paths according to the setting and the ways how users look at visual representations. My
purpose is not to dig under the epistemology of visual representations but narrower. Instead, I use the
concept of ‘metaindexicality’, as defined by Henderson, which is the ability of a visual representation,
used interactively, to combine many diverse levels of knowledge. Cf. Kathryn Henderson, On line and on
paper: visual representations, visual culture, and computer graphics in design engineering (Cambridge,
Massachusetts: MIT Press, 1999).
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and size of artifacts.14° The production drawings of engines and boilers of the

Fundición are two-dimensional plans, some of them displaying profile and section

drawings. These plans or layouts, called orthogonal (meaning mutually perpendicular)

display straight down views of ninety degrees and views from the top or side. In other

words, machines were represented from a ninety degree or profile view. The plans

followed the engineering convention of having only one relationship to shape and

dimension and served for the translation of information for fabrication. 141 In the context

of machine building developed during the late-nineteenth century, these production

drawings were the outcome of situated practice, meaning, that engineers learned the

conventions and uses according to what was practiced in specific companies. This

information is relevant because engineer Loubet was trained in France but practiced

drafting in the United States while he was working for the Fulton Iron Works of San

Francisco.142 This “practice-oriented visual literacy” 143 did not follow textbook protocols;

rather, it followed the most conventional design of engines of the time as, for example,

the widespread Corliss-engine which was built at the Fund ición.

140 The theoretical framework for this chapter is based on Kathryn Henderson, On line and on paper:
visual representations, visual culture, and computer graphics in design engineering (Cambridge,
Massachusetts: MIT Press, 1999) and Wolfgang Renn Lefèvre, Picturing machines, 1400-1700
(Cambridge, Massachusetts: MIT Press, 2004). Both authors have developed insightful methods and
interpretations of visual representations, images, technical drawings and photographs of machines. In
particular, Henderson conceptualises visual analysis of engineering drawings based on Actor-Network-
Theory which in terms of my own use of this methodology suits admirably for the purposes of this
dissertation. To my knowledge, the scope of this type of study in the history of technology is gaining
momentum. However, I could not find any study on the field of visual analysis of machines for cases in
the history of Mexico. Readers interested in issues of visual analysis of technical drawings should also
consult from the same authors: Kathryn Henderson, “Flexible Sketches and Inflexible Data Bases: Visual
Communication, Conscription Devices, and Boundary Objects in Design Engineering”, Science,
Technology. & Human Values, 16, 4 (1991) 448-473; “The Role of Material Objects in the Design
Process: A Comparison of Two Design Cultures and How They Contend with Automation”, Science,
Technology. & Human Values, 23, 2: (1998)139-174, and Wolfgang Renn Lefèvre and Urs Jurgen
Schoepflin (Eds.), The power of images in early modern science (Basel; Boston: Birkhaüser, 2003). Other
works on the importance of nonverbal ways of learning and understanding in engineering are Eugene S.
Ferguson, Engineering and the Mind’s Eye (Cambridge, Massachusetts: MIT Press, 1992) and on the
historical role of machine design see Francis C. Moon, The Machines of Leonardo da Vinci and Franz
Reuleaux. Kinematics of Machines from the Renaissance to the 20th Century. Series: History of
Mechanism and Machine Science, vol. 2. (Dordrecht, The Netherlands: Springer, 2007).
141 Cf. Kathryn Henderson, On line and on paoer (Cambridge, Massachusetts: MIT Press, 1999), 37-47.
142 Cf. John Reginald Southworth, El estado de Sinaloa, Mexico: sus industrias comerciales, mineras y
manufactureras. Obra publicada baio Ia direcciOn del gobierno del estado (San Francisco: Hicks-Judd,
1898) 134-135.
143 Cf. Kathryn Henderson, On line and on paper (1999) 40.
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But engineering drawings also shaped the structure of the work inside the

foundry by establishing what kind of workers and machinists would have to participate,

and by giving an idea about how machines would have to look at the end of the

processes of machine building. Machine designs were a central component in the social

organisation of the ES because they symbolised collective ways of knowing through

codified and tacit knowledge. This culture of visual communication facilitated the

coordination of multifarious processes of machine construction at the time.

At present, these engineering drawings serve as historical evidence in this

dissertation to substantiate their role in the translation of steam-technoscience as

practiced by engineers, machine workers and technicians involved in the construction of

steam machines. These drawings also open up new possibilities of contextualising

means of communicating technoscientific knowledge in late-nineteenth-century Mexico.

But above all, these drawings represent cultural evidence, points of contact between

artifacts and people that compel us to include in our sense of history the power of

artifacts and visual representations. In addition, another historical value of looking at

engineering drawings is the possibility of studying their role in Mexico’s mechanisation

during the Porfiriato. The intensive processes of mechanisation that occurred between

1870 and 1910144 demanded the emergence and widespread use of engineering

drawings.145 Considering the existence of foreign machines in Mexico, it is obvious to

assume that machine drawings were used by experts everywhere a factory was

installed or where new machinery was set for mechanical work. This assumption is

based upon the fact that technical drawings were essential also for maintenance and

144 For studies that develop different approaches about Mexico’s industrialisation, see Marcello
Carmagnani, Estado y mercado: Ia economIa pUblica del liberalismo mexicano, 1850-1 911 (Mexico, D.F.:
El Colegio de México/Fondo de Cultura EconOmica, 1994); Leonor Ludlow, and Carlos Marichal, Banca y
poder en Mexico, 1800-1925 (Mexico: Grijalbo, 1986); Paolo Riguzzi, “Los caminos del atraso:
TecnologIa, instituciones e inversion en los ferrocarriles mexicanos, 1850-1900”, Eds. Sandra Kuntz
Ficker, and Paolo Riguzzi, Ferrocarriles y vida econOmica en Mexico, 1850-1950: Del surgimiento tardlo
al decaimiento precoz. (Mexico: El Colegio Mexiquense, 1996).
145 I could not find studies documenting the use of machine drawings in the context of factories and
industries in Porfirian Mexico. The focus of recent literature is on the preservation of industrial sites as
part of historical heritage. Previous studies are informed from the perspective of archaeology which is
aimed for the preservation and restoration of factories, railways, power houses and artifacts. Cf. Victoria
Novelo Oppenheim et al, ArciueoloqIa de Ia industria en Mexico (Mexico, D.F.: Museo Nacional de las
Culturas Populares I Secretaria de Educación PUblica: 1984) and Sergio Niccolai, and Humberto Morales
Moreno (Coord.) La cultura industrial mexicana. Primer encuentro nacional de argueoloqIa industrial
(Mexico: Benemérita Universidad Autônoma de Puebla I Comité Mexicano para Ia ConservaciOn del
Patrimonio Industrial, A.C.: 1999).
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repair of systems of machines, and their interconnected sources of energy. Another

reason was that the employment of engineering drawings, in particular, was part and

parcel of new developments in the thermodynamic applications of steam machines on

an international scale.146 In consequence, machinery for industrial production in

Mexico, in general, required technical experts who could translate information from

engineering drawings, that is, from visual representations of what can be called the

state-of-the-art technoscientific sector of the age. As a result, both the Mexican

government and businessmen required the services of technical experts or mediators

who could read and interpret engineering drawings to instruct others in how to do

specific processes about machinery.

Moreover, it is also possible that machine drawings during the Porfiriato were

utilised with all or some of the features of advanced mechanical production, such as

textiles, mining equipment, tobacco rollers, and other types of modern manufacturing

machines. As a consequence, the premise of mechanisation suggests that in order to

construct advanced steam machinery, as carried out at the Fund iciOn, the production of

plans and designs for the construction of artifacts was necessary. This fact also

suggests that as long as engineering drawings existed, there were experts capable of

decoding the plans and knowledgeable in the particular kinds of machines.147 Plans,

therefore, were operational and not only a convention for mechanisation. Plans were

necessary for erecting industrial systems almost everywhere.

Traditionally, technical representations, in this case orthographic plans of steam

machines and boilers, have been regarded as cognitive tools of engineers. A

preliminary approach understood machine drawings primarily as expressions of ideas in

146 Based on my research conducted in the AGN-FIN, during the late-nineteenth century, submission of
patents in Mexico included sketches, drawings, plans and renderings of components of artifacts. It was
also possible that foreign machine companies exported their equipments with some sort of plans or
technical guidelines such as operator’s manual, and sent their own engineers and technicians to set the
machines, to test them or to repair them. Drawings, therefore, were essential in any order for erecting
machinery. Cf. AGN, SecciOn segunda: Industria en general, Industrias nuevas, Proiiedad Industrial,
Marcas de Fãbricas y Comercio, Patentes de Invención, Exiosiciones nacionales e internacionales,
Mexico City, galerla no. 5.
147 Evidence to support this argument is difficult to locate. But the existence of the drawings of the
Fundición lead me to believe that during the Porfiriato there were technical experts in Mexico —Mexicans
and foreigners- trained to read and use machine drawings.
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the ‘mind’s eye’ of the designer.148 Recent literature on the subject, however, has

challenged this understanding by shifting the focus to the role played by technical

representations in the transformation of ideas into artifacts. For their part, these studies

have contextualised machine drawings within their specific social contexts.149

According to Wolfgang Lefèvre, drawings reveal the social relations between different

groups of individuals and the technological projects in which they are engaged.’5° In

mechanical engineering, and this field includes machine building, design and production

tend to be concentrated in the same firm, which is normally operating in a competitive

market. Engineers, like Loubet in the Fundición, must demonstrate value primarily to

the buyers of company products, while workers most likely tended to exercise their craft

skills in opposition to or collaboration with managerial control. Nevertheless, this

technical-labour organisation and its tensions could be negotiated around drawings

before beginning production and taking any decisions. In other words, participants in

machine building must be familiar with reading and using drawings and other means of

technical visual representation. Yet, even though it is possible to recognise now most

of the artifacts represented on the engineering drawings of the Fundición, their

relationship to us is not explicit without access to the engineering code through which

Loubet and his contemporaries drafted and interpreted such drawings. As a result, the

code is to some extent restricted. Therefore, to understand these drawings, it is

necessary to have the help of period scholarship to make explicit the language and

expert knowledge contained in them. For this reason, in previous chapter-stations the

148 According to Eugene S. Ferguson, Engineering and the Mind’s Eye (cambridge, Massachusetts: MIT
Press, 1992) the cognitive processes of the engineer follows a similar emphasis which is also seen in
Ken Baynes, and Francis Pugh, The art of the engineer (Guildford, Surrey, England: Lutterworth, 1981);
Peter Jeffrey Booker, A History of Engineering Drawing (London, chatto & Windus, 1963), and Brooke
Hindle, Emulation and invention (New York: American Council of Learned Societies! Norton, 1981).
149 See John K. Brown, “When Machines Became Gray and Drawings Black and White: William Sellers
and the Rationalization of Mechanical Engineering”, IA: The Journal of the Society for Industrial
Archaeology, 25 (1999) 29—54; “Design Plans, Working Drawings, National Styles: Engineering Practice
in Great Britain and the United States, 1775—1945”, Technology and Culture 41:2 (2000) 195—238;
Steven Lubar, “Representation and Power”, Technology and Culture, 36 (1995) 54—82, and Edward W.
Stevens, The grammar of the machine: technical literacy and early industrial expansion in the United
States (New Haven: Yale University Press, 1995).
150 Cf. Wolfgang Renn Lefèvre, Picturing machines, 1400-1700 (Cambridge, Massachusetts: MIT Press,
2004) 5. Recently, a body of literature has emerged allied to wider notions of the social construction of
technoscience that pays close attention to the role of technical representations both as a means of
communication directed at multifarious audiences and as forms for controlling the process of production
and regimenting a workforce. This recent literature has tended to focus on mechanical engineering and
naval architecture, fields in which many factors combine to accentuate the imperative of control and of
hierarchical power structure.
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basic technoscientific content of steam machines was introduced in order to recognise

their component parts. Here, the analysis is retracing the steps that engineers and

designers took in order to organise production and define what must be produced.

In order to illustrate the role of the production drawings in the technological

system of the Fundición, the following characteristics, based on the historical conditions

of steam-technoscience developed during the nineteenth century, as for example,

codification of machine building, standardisation of design and machine components,

and tacit knowledge, require particular attention, although not all of these conditions

occurred simultaneously in each of the sectors where steam-technoscience was

applied. 151

Firstly, engineering drawings and technical sketches and drawings implied new

visual ways of organising labour as a consequence of shipbuilding, mining, and tool

making on a large-scale. Complex structures of cooperation, responsibilities and

command were developed in order to instruct and coordinate skilled machinists and

subcontractors from different technical skills (for example, toolmakers and metal

workers) who directed their own people. In particular, the task of coordination in a

metal foundry or machine workshops comprised the harmonisation of work carried out

at different times and, at times, in different places. This was the case of the FS where,

at the beginning, machines were produced in two separate facilities: CompañIa

Nacional de Construcciones Mecánicas produced boilers and Fundición de Sinaloa built

engines. Such intricate flows of cooperation described as inside actors-networks of the

Fundición involved in the projects of machine construction required not only new forms

of communication at the shop-floor level but also new means of communication.

Engineering and technical drawings served as these new visual means. Drawings

operated as “network-organising devices”152 and participants in machine building

focused their communications in reference to the visual device.

Secondly, new means of visual communication served to translate forms of

knowledge necessary in the construction of any given machine. Experience with and

151 The following framework to interpret the historical development of engineering drawings is based on
Wolfgang Renn Lefèvre, Picturing machines, 1400-1 700 (Cambridge, Massachusetts: MIT Press, 2004).

152Cf. Kathryn Henderson, Online and on parer (1999) 53.
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knowledge gained through physical interplay with tools and machines could not be

exchanged and circulated effectively without technical drawings. Sketches of basic

machine components and even the construction of small prototypes provided guidelines

to organise procedures and facilitated the workers’ understanding of their own individual

tasks. As products bearing technoscientific knowledge, technical drawings meant one

thing to one group of individuals, as for example, Loubet and his technical team, and

something else to others, as for example, skilled machinists and metal workers of the

Fundición. Detail renderings in engineering drawings offers a good example of how

collective exchanges of knowledge could happen.153 Details of machines and their

components were tightly focused aspects that were the more flexible parts of a drawing

set. For example, the depiction of a riveted joint in a boiler (a crucial issue in their

design and making) may stand for part of the support structure to the designer and for

labour expended to those in the shop. If workers suggested a configuration or pattern

to save rivets, and, if designers incorporated their advice, collective knowledge was in

the making and captured in the representations. The machinists’ tacit knowledge

became visually represented in the drawing and codified thereon. In turn, this new tacit

or experiential knowledge would be circulating through the entire inside network of the

FundiciOn to facilitate further constructions. Designs and practical experience combined

suggest a flexible machine building, capable of adaptation and incorporation of better

techniques and ways of casting metal parts, cutting, assembling, coupling, riveting and

more of the like, all key processes associated with the construction of steam machines.

Thirdly, as a consequence of the translation of knowledges from different

cultures, technical drawings became forms of learning and instruction among workers

inside foundries and manufacturing industries. Considering the case of the Fundición,

designs were developed in a situated practice. For example, Loubet’s knowledge of the

Corliss-type engine and its design was adapted according to the setting of the

FundiciOn. Therefore, in the context of the foundry where steam-technoscience was

reappropriated and adapted, a unique visual language of engineering drawings was

also produced that derived its meanings from values, institutions, and social relations of

its creators and users. In other words, the alleged quality of universal language that all

153 Cf. Vincenti, Walter Guido, What Engineers Know and How They Know It: Analytical Studies from
Aeronautical History (Baltimore: Johns Hopkins University Press, 1990) 207-224.
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technical drawings are supposed to possess would not necessarily be comprehensible

to all.154 Contrary to what mechanical engineers pointedly have asserted, the

representational quality of drawings or plans for constructing machines is thus unique

according to the company and the social context.155

Fourthly, machine design included drafting and reading of technical drawings as

part of the curriculum of the technical and engineering schools of the time in Mexico.156

Also drafting and design was part of Loubet’s training and education.157 Technical

education, however, was as scant as experts and skilled workers were. But this

circumstance did not prevent the development of Mexico’s mechanisation to a certain

extent. The suggestion is that technical expertise was gained practically by physical

interplay with machines and tools, and through observation on the part of skilled

workers. If machinists knew how to operate steam machines, those involved in their

construction certainly were instructed in the practice while facing multiple problem-

solving situations. In Mexico by the 1870s, the relationship between trade schools and

154 In an admirable article, John K. Brown [“ Design Plans, Working Drawings, National Styles:
Engineering Practice in Great Britain and the United States, 1775—1945”,Technoloqy and Culture 41:2
(2000)195—238] compared the striking differences of visual literacy between British and American
engineers during the 1940s, to produce and use mechanical engineering production plans. Brown notes
that plans were drafted according to the engineers’ cultural and social settings, and for this reason, at the
beginning, the British plans were not comprehensible for the American engineers. This study reveals that
situated practice is crucial for developing engineering literacy on visual representation of machines. For
the purposes of my own analysis, it is also critical to bear in mind that Loubet’s French and American
training and education certainly played a role in the production of engineering designs.
155 By social context I mean also culture, time period, actors involved and local conditions as explored on
Chapter-Stations I and 2 of this dissertation.
156 A case in point was the Coleqio Rosales de Culiacán, Sinaloa. Rigoberto Rodriguez BenItez in La
formación de ingenieros en el Colegio Rosales, 1874-1911” [in Maria de Ia Paz, Ramos-Lara, and
Rigoberto Rodriguez BenItez (Eds.), Formaciôn de lngenieros en el Siglo XIX (Mexico: Universidad
Nacional AutOnoma de Mexico I Universidad Autónoma de Sinaloa: 2007) 135] notes that in 1874, the
curriculum for mechanical engineers included: two-year courses on machine drawing, geometry,
construction of machine prototypes and German language. Although there is no indication of books in
German in the library of the Colegio (the list of available titles is included on pages 162-169) and
Rodriguez Benitez does not explain why engineers must learn German, I believe that this can be
attributed to the fact that the main machine-building theorist of the time was Franz Reuleaux. For
example, the English translation of Reuleaux’s The Kinematics of Machinery was made in 1876, originally
published in 1875 in German as Lehrbuch der Kinematik. The Colegio’s library also included key French
and English textbooks on machine design, machine tools, boiler making and other machine building
processes. Among the titles was also A Treatise on Machine-Tools by William M. Sellers & Co. of
Philadelphia published in 1876 (164). This book was crucial for tool making and machine tools used for
machine building, and, at the time, had international recognition. Sellers & Co. developed its reputation as
tool makers since 1848, and participated in many international exhibits beginning with the Exposition
Universelle de 1867 a Paris. Also Cornell University has a fantastic website called Kinematics Models for
Design that includes in its digital library Reuleaux’s works: http:I/kmoddLbrarycornell.edu/index.php.
157 See Chapter-Station 1, Station 1.1. Mechanical Conundrums: French and American Engineering.
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the sociotechnical organisation of industries was not yet in existence. Nor was the

sector of machine constructors developed. The merits of technical education were not

recognised entirely, and the in-shop apprenticeship was regarded as the ideal form of

training for mechanics. However, the FundiciOn represents a good historical exception

where both technical education and workshop training converged. In this context,

engineering drawings codified many machine building theories, complex mathematics,

geometry, kinematics, physics, thermodynamics, and practical knowledges induced by

the development of steam-technoscience. The main actor that came into being as a

result of this development was the engineer, in this case, Alejandro Loubet, who

combined experience in several crafts, learned knowledge of mathematical analysis of

machines and competence in the design and drawing of machines as well. The

combination of both levels of expertise, shop-floor-knowledge or tacit knowledge and

learned mechanical engineering knowledge, converged in the plans for the production

of engines and boilers at the Fundición.

Fifthly, at the time of the Porfiriato in Mexico, engineering drawings were

associated with the establishment of mechanisation as a matter of public interest.

Machine plans and designs, and photographs of machines, were incorporated in the

official reports produced for Fomento by technical inspectors dealing with the

administration and certification of steam machines built at the ES. Visual

representations of machines served as evidence to demonstrate the completion of legal

contracts between the Mexican government and the Fundición. Presumably, images of

machines were used as well by business partners of the ES to attract the attention of

local potential buyers in the regions of Sinaloa, Sonora, Baja California, Durango and

even other remote regions in the country. The technoscientific transformations that

occurred in the local setting of the ES (Mazatlán and the regions of Sinaloa) entailed a

social and cultural transformation in which drawings played a significant role. The local

shaped the national. Machines produced in Mazatlán required mediators at two levels.

Inside the foundry, engineers and skilled workers were essential to translate what was

on paper into real artifacts. Outside the foundry, non-technically trained audiences as,

for example, government officials, sought help from mechanical engineers to act as

technical experts. They relied on experts to understand machines and engineering

drawings and to exercise their administrative control.
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Finally, this sociotechnical relationship between experts and non-technically

trained individuals was a direct consequence of Mexico’s mechanisation and the

machine building carried out at the Fundición. This development and the use of

engineering drawings was precisely the site of cultural beliefs and political ends of

business partners of the ES, engineers, and politicians who had contested

understandings of this cognitive instrument of professional practice.158 Around the

interpretation or reading of engineering drawings, controversies may have arisen;

disagreements about the content and scope of the information, and other socio-cultural

issues may have happened as well. What follows builds on the possible paths of

interpreting visual representations by providing a narrative account that discusses how

and why the uses of mechanical drawings in the FundiciOn and Fomento facilitated

negotiations and understandings of machines.

158 Lubar explains that engineering drawings have served many purposes as, for example, cognitive,
social and political ends. Lubar links two analytical approaches of visual analysis of technological history:
the visual-thought view of Hindle and Ferguson (with its emphasis on the individual innovator/designer)
and the social constructivist’s approach for the social roots and power relationships that are related to the
development and use of any technoscience. Lubar elaborates on Latour’s view of the conscriptive (or
prescriptive) power of representations. Cf. Steven Lubar, “Representation and Power”, Technology and
culture, 36 (1995) 54—82. Brown hinges his visual analysis of British and American mechanical drawings
on Lubar and Latour as well to explain how both engineering traditions were shaped by their own culture,
social context and professional practice. Cf. John K. Brown, “Design Plans, Working Drawings, National
Styles: Engineering Practice in Great Britain and the United States, 1775—1945”, Technolociv and Culture
41:2 (2000)195—238. Henderson develops her approach to visual representations based on Latour’s
ideas of visual culture, Hindle, Ferguson, and Brown as well, and she puts emphasis on how drawings
are products of collective work and situated practice. Cf. Kathryn Henderson, On line and on paper: visual
representations, visual culture, and computer graphics in design engineering (Cambridge,
Massachusetts: MIT Press, 1999).
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Station 3.1. Visualising Steam Engines and Boilers

In the technological system of the FundiciOn technical drawings were essential

components. Drawings represented graphical language used by engineers and other

technical actors associated with machine building. The purpose of engineering drawing

is to convey graphically the ideas and information necessary for the construction or

analysis of machines, structures, or systems.159 Accordingly, this station develops a

technical analysis of a set of nine engineering drawings of engines and eight drawings

of boilers. Engines are classified as Drawings of Engines (DE I to 9) and boilers as

Drawings of Boilers (DB I to 8).160 The practice of making engines and boilers

developed different ways of drawing plans and used different methods of design. The

fact that engineering drawings implied knowledge of all sorts was due in part to the

limits of the representational capacity given by their restriction to two dimensions, and to

the different semiotic understandings of each of the different pictorial languages.

Engineering drawings thus may appear to convey knowledge and ways to read and

interpret technical images. However, these drawings were an indispensable medium of

communicating ideals, proposals, solutions, agreements, and the like. By the late-

nineteenth century, technical drawings proved to be a chief resource of rendering

implicit knowledge, explicit, or to translate knowing into doing. In this context,

engineering drawings were ‘artifacts of knowing’161 that played a role in fostering the

machine construction of the FS.

From the standpoint of the design of machines, three conventions are basic for

producing engineering plans. Firstly, drawing, defined as to how to interpret and create

engineering drawings. Secondly, dimensioning or how to communicate dimensions

properly, and, thirdly, tolerancing or how to use geometric and dimensional tolerances

to specify how much variation is acceptable during manufacture, and to specify the

shape of features (such as, straightness, flatness, circularity, cylindricity, angularity,

159 The analysis and interpretation of the engineering drawings of engines and boilers built by the
Fundiciôn is based on cecil Howard Jensen, Interpreting Engineering Drawings (Toronto: Delmar
Publishers, 1980), and from other pertinent sources.
160 Drawings are from the AGN-FIN, boxes 15 and 16, file numbers 6 to 26.
161 Cf. Bruno Latour, “Visualisation and cognition: Drawing Things Together”, in Knowledge and Society
Studies in the Sociology of Culture Past and Present, vol. 6 (1988)13-18.
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profiles, perpendicularity, parallelism, concentricity and more).162 From a visual

standpoint, an observer can see represented on engineering drawings shapes,

geometrical forms, sizes, features, and spatial relations between physical objects.

Overall, projected views show as many sides as needed to complete a design. Cross

sections usually show interior features. Finally, dimensions are the most important and

complicated part of the drawing. For example, consider a drawing showing bolt holes for

mounting a flange onto a plate. When mounting the flange, the position of the holes

with respect to each other is very important or the flange (or part of it) would not fit.

Thus, it makes sense to dimension163 the distance between the holes, instead of the

distances to the edge. The argument here is that engineering drawing has its grammar

in order to communicate, read and interpret visual knowledges. This means that in

order to read and interpret the following drawings of engines and boilers built in the

FundiciOn a mediator is required. In this case, the mediator is a secondary source(s),

and author(s) knowledgeable on draughtsmanship and mechanical engineering that

helps my analysis to achieve a basic print reading. But at the time that these drawings

were produced, the mediator(s) could be engineers Alejandro Loubet for the foundry,

and Natividad Gonzalez for Fomento officials. Therefore, the visual analysis of such

engineering drawings constitutes an historical avenue to explore the negotiated views of

mechanical artifacts as devised by those technical experts of the Fundición.

Let us now begin the visual analysis. The Drawing of Engine number I (DEl)

was made in 1892. It presents a section-view (a slice to reveal the interior from a

straight view perpendicular to its center) of steam engine number I showing a detailed

rendering of the valve-gear based on equations for the Zeuner Diagram.164 In general,

this diagram was useful for showing the admission of the steam, and the effect of

changing the eccentricity and the angle of advance in a slide-valve engine. The circle

162 Cf. Warren Hammer, Blueprint Reading Basics: Manufacturing Print Reading (USA: Industrial Press
Inc., 2001) 67-119.
163 Dimensioning is the process of measuring the cubic space that a machine part or object occupies. See
Warren Hammer, Blueprint Reading Basics: Manufacturing Print Reading (2001) 67.
164 Gustav Anton Zeuner (1828 —1907) was a German physicist, and engineer considered the founder of
technical thermodynamics and of the Dresden School of Thermodynamics. In 1877 he published
Technische Thermodynamik (Technical Thermodynamics). See Henry Wilson Spangler, Valve-Gears.
Analysis by the Zeuner Diagram (New York: John Wiley & Sons, 1910) 70-71, and Franklin D. Jones
(Ed.), Ingenious Mechanisms for Designers and Inventors (New York: Industrial Press, 1936) 522-525.
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represents the valve. And any radial line on the valve circle represents a position of the

crank. In this drawing the travel of the piston away from the shaft is illustrated. The first

step in constructing the Zeuner Diagram was to lay out a circle with diameter equal to

the valve travel. Since the procedure was graphical, when working with a real machine,

the diagram was normally scaled up by a factor of ten or twenty times to increase

accuracy. In this case, the legend on the drawing says ‘escala cuatro veces mayor’ or

scale four times bigger. However, the whole scale for this drawing is based on ‘escala:

tamaño natural’ or scale: natural size which meant that it was assumed that the valve

was to have a travel of three inches, and a lead of 1/8 inch according to the standard

measurements of the time.

This same drawing, from a visual interpretation, shows circularity, cylindricity,

and perpendicularity of shapes. The geometrical views, however, do not reveal by

themselves what part of the machine an observer would be looking at. Furthermore,

circles and dimensions do not render the final shape of a valve-gear nor how this

component would appear as a physical object once it is connected to the rest of the

engine. For the naked eye, the drawing is not legible. It does not even suggest a

machine. The observer would not even imagine that this drawing was for devising a

steam engine. Thus a couple of observations require further elaboration on the role of

drawings as artifacts of knowing.

Firstly, this engineering drawing (and the others analysed in this station) looks

complex because everything that was represented on it is transparent; observers see

through to the farthest parts of the machine. Secondly, everything is flattened, and that

requires the observer mentally to reconstruct the third dimension in order to ‘see’ the

object. Visualising the artifact is a necessary step to conceptualise its performance.

Thirdly, the observer has to be able to turn on the machine in his/her imagination and

picture how the artifact moves or even sounds. These obstacles had to be negotiated

every time engineering drawings were used for production purposes or as visual

evidence of machines that would be constructed from paper images into three

dimensional engines or boilers cast in iron and steel. Therefore, visual representations

of machines have to be used interactively, in order to combine many diverse levels of

115



knowledge or to decode their meta-indexicality.165 Because these drawings

transformed other ways of knowing, such as verbal and mathematical modes, into a

visual format, these visual representations shaped the structure of machine design work

by controlling who participated in the design process, but, at the same time, drawings

worked as objects that are capable of been read on different levels by different

individuals. This means that each of the following Drawings of Engines and Boilers

have shared meanings, as well as individual meanings for the FundiciOn, for Fomento

and for other participants like workers and machinists. Each visual representation

became a concrete and negotiated artifact; each drawing invokes further negotiations

that took place between the parties involved. Now the following series of brief

descriptions of the visual interpretation of engineering drawings of engines and boilers

may be interesting.

In another example, DE2, made in 1892 as well, presents two orthogonal

depictions, profile-view (straight on at ninety degrees from the side) and plan-view (top-

down), of a portable steam engine, number 10. This machine was a stone crusher

based on the Blake model.166 A crusher, predominantly used in mining, was a machine

designed to reduce large solid material objects into a smaller volume or smaller pieces.

What is noteworthy about this drawing is the top-view which rendered the machine

components and their relationships between them as a system. The drawing was laid

out by dividing up the axle of the machine into four sections or portions (left and right,

top and bottom) by a coordinated axis of a two-dimensional figure of ninety degree right

angle.

DE3 of 1893 has two orthogonal depictions (profile-view and plan-view) of steam

engine number 15 described as of twelve horsepower units and designed to use the

165 Cf. Kathryn Henderson, On line and on paper: visual representations, visual culture, and computer
graphics in design engineering (1999) 199-207. Henderson says that the importance of visual skills lies in
its “malleability”. “Visual representations facilitate the joining of not only multiple meanings but multiple
forms and formats of coded and uncoded, verbal, visual, mathematical, and tacit knowledge” (199). This
ability is what she calls “meta-indexical property” or “the ability to serve as a gathering ground for multiple
ways of knowing” (199). Therefore, I associate the notion of gathering ground to that of engineering
drawings, as gathering ground for translating and communicating ways of knowing, into ways of doing.
166 Cf. Alban J. Lynch and Chester A. Rowland, The History of Grinding (Little Town, Colorado: Society
for Mining, Metallurgy, and Exploration, 2005) 61.
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Porter-Allen valve-gear system.167 This single cylinder, stationary, double-acting, high

pressure engine shows the familiar Corliss lines and shapes, including the piston, piston

rod, crosshead bearing, connecting rod, crank, eccentric valve motion and flywheel.

The geometry of the design and the symmetry of the components matched many of the

American designs of the time, as for example, the Reynolds-Corliss engine used for

comparison in Chapter-Station 2.

DE4 completed in 1894, represents a compound, double-acting, high pressure,

air compressor. The drawing is meant to produce two engines, numbers 25 and 26,

designed to use the Meyer valve-gear system, respectively.168 Thus, the expansion-

mechanism worked for high or low speed and developed fifty horsepower units for air-

driving machinery such as pumps. This valve gearing had a separate valve for the

purpose of cutting off and was widely used due to its simplicity. The drawing offers

profile and plan view. From the plan-view perspective, it is possible to infer that the

layout was made by using an axis of symmetry of two figures representing the engines.

In addition, the plan-view perspective illustrates the function of the air compressor at

each of the strokes of the piston.

DE5 made in 1897 was devised for a single cylinder, horizontal, stationary,

double-acting high pressure engine, number 42. It developed twenty-eight horsepower

units and shows, as DE3 as well, profile and plan view. The profile-view shows the

piston, piston rod, crosshead bearing, connecting rod, crank, eccentric valve motion and

flywheel. This engine was drawn from a ninety degree angle, and, upon close

examination, it is possible to retrace the coordinated axis from which all lines were

calculated. Great detail was given to the bed frame and the couplings between the

belts, flywheel and connecting rod.

167 For the history of the Allen engine and the design of the Porter Allen valve gear system by charles T.
Porter, see Wilhelm Heinrich Uhland, and Anatole Tolhausen, Corliss-Enciines and Allied Steam-Motors
Working with and without Automatic Variable Expansion Gear (London: E&W F. Spon, 46 charing Cross,
1879) 76-80.
168 The system was patented in 1842 by J.J. Meyer. See Wilhelm Heinrich Uhland, and Anatole
Tolhausen, Corliss-Engines and Allied Steam-Motors Working with and without Automatic Variable
Expansion Gear (London: E&W F. Spon, 46 Charing Cross, 1879) 99-1 03, and Frederick Arthur Halsey,
Slide Valve Gears: An Explanation of the Action and Construction of Plain and Cut-off Slide Valves (New
York: D. Van Nostrand Company, 1908) 109-116.
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DE6 has no date. It was devised for producing a single cylinder, horizontal,

stationary, double-acting, high pressure engine, number 48. It developed forty-four

horsepower units, shows profile and plan view but the difference between this drawing

and DE5 is that the valve system is represented in a section view. Considering the

typical flyball shape of the governor it could be the Corliss valve-gear system.169 This

engine presents a half-view of the flywheel with focus on the governor.

DE7 of 1892 is a detailed oriented plan that shows the arrangement of the

condenser and of the one horizontal air-pump by making three orthogonal depictions:

two for the engine and air-pump (profile and plan view) and one for the condenser

(profile view). The engine was described as of having fifty-three horsepower units and

was number 8. The profile view of the condenser shows a cylinder-base with its valves

and cross-pipes that should be arranged to the engine. The air-pump with its

condenser is placed horizontally aside the cylinder. This design was standard for

horizontal engines with disc crank, stroke and equipment but fitted with condenser.

Finally, the air-pump was to be connected to the tail end of the piston-rod. Particular

attention was given in this drawing to dimensioning riveting sections, and the

geometrical alignment for coupling diverse pipes between sections.

DE8 was made in 1899. This design was for a compound, horizontal, stationary,

double-acting, high pressure engine. It developed thirty-eight horsepower units and was

numbered 54. The plan view of the engine merit further attention. It shows two

symmetric engines with single-pistons driven by independent flywheels and secured by

large vertical piston-roads. Other details are shown, as for example, where to place the

sliding valves, along with a stylised brick bed frame indicating the anchoring of the

engine.

Finally, DE9 was finished in 1900. The plan shows a profile view and section

view of a vertical, stationary, double-acting, high pressure engine. The engine

developed twenty-three horsepower units and was number 60. The geometry of this

drawing is noteworthy and its lines focus on the symmetry of components. The drawing

169 The system was patented by George H. Corliss in 1849. See Wilhelm Heinrich Uhiand, and Anatole
Toihausen, Corliss-Enqines (1879) 1-26. This section focus on the evolution of seven modifications made
to the original valve-gear system.
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provides guidelines for the alignment of couplings between pipes and valves, and also

serves to indicate the rotary parts of the engine.

Regarding Drawings of Boilers (DB), their technical representations are

consistent in design, shapes, and dimensions, and did not present substantial

differences on inner workings and parts. Bodies of boilers are represented by

cylindrical or conical shapes made from the coupling of metal sheets to form specified

dimensions. Dimensioning of rivet holes are shown and their distribution as well. This

fact suggests that hand riveting was used or steam riveting was limited. Designs are for

stationary boilers only that would be coupled to engines working in factories. The

boilers followed the Scottish style and other conventions such as double fire-boxes, and

long stay or supports. In general, these drawings emphasise the dimensioning of

sections and display final renderings.

DBI, 2, 3, 5, 6 and 8 are plans for horizontal, fired-tube, Scottish boilers.

Drawings present profile views (letters a b), plan views (letters a b) and section views

(letters c d), the latter focusing on the front of the boiler with its four furnaces side-by-

side and on top the condenser. Plans provide measurements regarding tubes,

elevation, arrangement of furnaces, and proportions of the boiler shell. This design

combined the features of the internally fired boiler and the horizontal return boiler. It

also had a large heating surface, with a reasonable long gas travel and required no

external brickwork to be anchored. The boilers specifications, year, number, and

horsepower units are: DBI 1892: no. 1, seventy-two horsepower units. DB2 1892: no.

5, thirty-two horsepower units. DB3 1892: no. 12, sixty-four horsepower units. DB5

year unknown: no. 37, seventy-six horsepower units. DB6 1903: no. 112, sixty-four

horsepower units, and DB8 1903: 111, sixty-four horsepower units.

DB 4 and DB7 are plans for vertical, fired tube boilers. DB4 has profile and plan

views only whereas DB7 has profile and section views. Profile views are rendered in

great detailed dividing the boiler shell into two sections, A and B. On each section, the

thickness of lines represents machine parts and inner sections, respectively, including

measurements between the top and bottom of section A. Section views, also divided in

A and B, show the arrangement of tubes (thirty-seven tubes for DB4 and 109 for DB7)

and their travel along the shell. On DB7, this section view represents the different
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layers of the shell and the amount and arrangement of inner tubes. DB4 was made in

1894, was numbered 29 and had nine horsepower units. DB7 was made in 1901, was

numbered 67 and developed eighteen horsepower units.

The above generic descriptions of visual representations of steam machines and

boilers reveal the complex level of different knowledges involved in the process of

machine building. However, the most important part in reading those drawings is to

visualise the machine. This ability to form a mental picture of the drawing in question is

the most difficult part. Consequently, the analysis also shows that for interpretation the

drawings alone are not sufficient. In this case, in order to make sense of the

manufacturing information that such drawings communicate, prior machine design

literacy and a good deal of machine building knowledge are necessary. From the visual

perspective, the analysis also suggests that the manipulation of representations of

machines drawn on paper required specific understanding of thermodynamic machines

and ways of constructing mechanical artifacts. Engineering drawings show us the

steam engineering media of the nineteenth century, rich in meanings of knowing and

doing, through which ideas of machines were articulated, developed and exchanged.

The command and knowledgeability that Loubet, workers and other technical experts of

the FundiciOn achieved in drawing machines is also correlative to their ability for

adapting machine building in a large-scale. Thus production plans devised for engines

and boilers constitute technical means of communication that were part of the

technological system of the foundry. Such plans or drawings, as artifacts of knowing,

are also means through which technological adaptation was fostered.

To read and interpret the visual representations made by technical experts of the

FundiciOn, it was necessary to invoke intricate mediations between images,

knowledges, and ways of devising artifacts. Visual representations worked as forms of

communication, cognitive tools, and facilitated individual and collective levels of

relationships among participants and machines. Drawings of engines and boilers

symbolised embedded knowledges to produce machines that would be performing their

mechanical work in different settings during the Porfiriato. The communicative and

interactive properties of such visual representations were central features of knowledge

work inside the FundiciOn. Furthermore, from these visual representations it is possible

to retrace how Loubet, his business partners and workers envisioned tangible artifacts,
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and how such visualisations corresponded to negotiations of technical language,

symbols, and images with which to interact and thereby to develop knowledge.

The amount and the rich symbolic meanings of the engineering drawings point to

the possible existence of more technical experts working for the FundiciOn, presumably

coordinated by engineer Alejandro Loubet. The hours of work used in sketching,

discussing, exchanging, and negotiating consensus, to finally reach the stage where the

feasibility of machines was progressing is striking. We can imagine technical meetings

inside the foundry where business partners, engineers and even skilled machinists

negotiated how, what, and when to build machines. As material objects, visual

representations circulated in workshops as well. This flexible mobility of drawings is

another characteristic that enhances their power as materials objects. Drawings travel

across different settings reaching other social groups involved in acts of visualising from

drawings on paper, real machines that would be ready-made artifacts. In particular, for

Fomento officials and their counterparts in Hacienda and Guerra y Mariana, drawings

produced by the Fundición could facilitate how machines would be performing

mechanical work in diverse settings. In another way, from drawings on paper, these

non-technical experts had to visualise real machines.

From the point of view of the notion of ‘metaindexicality’, the engineering

drawings made by Loubet, in possible collaboration with other technical experts, served

as ‘gathering ground’ for the translation of Loubet’s French and American engineering

theoretical and empirical background; for the translation of specific knowledge of

designing Corliss-type engines, and for the communication of ways of knowing into

ways of doing artifacts. This gathering ground was in close association to what I call

Loubet’s technological adaptation. On the paper, by making drawings, Loubet, in

conjunction with workers, machinists and other technical experts, adapted knowledges

and ways of doing, and then communicated such adaptations as other ways of doing

suited for the workshops, the workers’ skills, equipments, materials and more, that

integrated the system of the Fund ición for machine construction.

This visual gathering ground also facilitated the mobilisation of workers’ and

machinists’ techniques, of their workshop knowledges and craftsmanship, by providing

them with guidelines of what to do. But, at the same time, this gathering ground
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facilitated negations among all those participants in the practice of machine building for

finding other ways to do, for example, piston design, or to achieve a complex coupling.

This means that engineering designs may have communicated numerous translations

of knowing and doing, as many more very likely were the interplays of collective

negotiations centered on such drawings.

As a result, the collective negotiation of ways of doing what was devised on

paper facilitated the problem-solving options that could be incorporated into the

machine building process. In other words, visual representations of machines, technical

drawing or engineering drawings, fulfilled many roles. Drawings embodied knowledge

and ways of doing, served to structure roles within the foundry, and communicated

guidelines to mobilise the system of machine building of the FundiciOn.

Outside the workshops and forges of the ES, perhaps, another ancillary role of

engineering drawings of machines was their suggestive social and cultural status as

plans techno-scientifically conceived to rationally construct steam machines.

Considering the socio-cultural context of the Porfiriato, where the ‘scientification’ and

‘mechanisation’ of life was ordering the human experience of Mexicans, and political,

economic and industrial discourses were embedded as part of that scientific-mechanical

ordering, technical drawings presupposed the progression of technical capabilities

associated with economic and industrial progress. Such visual representations also

may have suggested social status, economic class, and power (as for example,

consider engineer Alejandro Loubet). Within industrial contexts, all those who were

able to produce engineering drawings certainly possessed the academic credentials

necessary for job mobility, rank and authority. These and other socio-cultural aspects

of engineering drawings and machines that emerged from such representations are

developed in the last chapter-stations of this study. In the meantime, the following

station focuses on the very specific relationship between the FundiciOn and Fomento, in

which engineering drawings served as gathering ground for negotiating visual

representation of machines.
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Station 3.2. Negotiated Views: Plans and Real Machines

Machines emerged from drawings. Drawings project the type, model or design

that constitutes the expected real and finished artifact. But visual representations of

machines are virtual machines. Their materiality is meant to be constructed, in time and

space. Engineering drawings provide, therefore, a gathering ground, this time,

sociotechnical, between experts and non-experts for negotiating ‘machines’. This

gathering ground is the context for the analysis of the relationship between the

FundiciOn and Fomento. The nature of this relationship was commercial but its scope

incorporated industrialisation, and certainly, economic development. The relationship

was mediated by a ‘contract’, legally binding, with socio-political dimensions, and

involved a technological system, in this case developed by the business partners of the

FundiciOn. In general terms, the subject matter of such contract was the purchasing of

manufactured steam machines. Fomento, acting as the buyer, and the FundiciOn, acting

as the producer, legalised their binding relationship in 1888.170

Visual evidence comprised of engineering drawings and photographs is

abundant in this case study. Based on this evidence, it is possible to imagine that in

everyday practice, designs of steam machines were produced and circulated within the

FundiciOn. The intensity of interactions between finished artifacts and visual

representations of machines was striking. Workers, machinists and all those involved in

machine building were as familiar with plans as to be rendered almost invisible to them.

Yet for the outsider, the design office in which draftsmen and designers worked on the

second floor of the Mazatlán building may have been full with plans, sketches, and

drawings used to project out desired future machines: some were completed, others

partial; some hard-line and formal, others sketchy and informal.

Visual materials were used inside the FundiciOn to define design problems and to

explore possible solutions for constructing machines. For example, each design

170 The analysis of the specific legal provisions and the negotiations carried out around this contract, and
its importance for the development of the Fundición is developed in Chapter-Stations 4 and 5. See AGN
FIN, box 14, file no. 5, printed copy of Contrato celebrado entre Ia Secretaria de Guerra v Marina y el
señor D. JoaciuIn Redo para el establecimiento de un Arsenal y Fábrica de Máguinas y Calderas en el
Puerto de Mazatlán (Mexico: Antigua Imprenta de Murgula, Portal del Aguila de Oro nümero 2, 1889) 1-
24.
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represented a number of concerns. What valve-gears were appropriate for a double-

acting engine? How steam pressure would develop in a stationary engine at sea level?

These questions were complex and contained a number of implicit sub questions. They

became easier to explore once visualised graphically, a process through which ideas

and their implications became clearer in terms of their mechanical impact. The

drawings were used as technical objects, as tools for machine building. Their signs and

symbols communicate instrumental meanings. But as shown in the visual analysis of

engineering drawings of engines and boilers built at the FundiciOn, drawings are

generally schematized and iconic in their primary aspect, and incorporate a high level of

abstraction. For those reasons, it was very likely that Loubet and technical experts

translated their own ideas, designs, knowledges and ways of doing machines, into a

code that was explicit and legible for all those who were participating in the construction

of machines. This means that the levels of translations were multiple, spatio-temporal,

cross-setting and took place among diverse users interacting with machines. The

directionality of such translations can be illustrated in the following manner: from

Loubet’s translation of French and American engineering cultures to the workshops and

machinists of the FundiciOn, and from worker to worker, and from plans on paper to oral

instructions, and sketches, until giving shape and function to machines.

In the context of day-to-day practice of machine building, which implied

numerous empirical observations, workers, machinists, technicians, and engineers of

the Fundición were capable of translating ad hoc representations on steam

technoscience from visual representations, where situated knowledge was in the

process of being defined. More specifically, the process of developing knowledge was

characterised as a one-to-one relationship between the designer and the developing

drawing, and between machinists and the artifact. An interaction with images emerged

but it was not only used to represent what was known in terms of steam machines, but

also to learn about what was not known. The process of designing complex

thermodynamic machines involved managing a range of unknowns: these include

ambiguities, ignorances, and uncertainties. The consequences of engineering choices

were interrelated, and the prioritisation of these factors may also have been unclear at

the beginning of the design process. Thus, visual representations were used as
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gathering grounds for later individual and collective decisions, as representations

consisting of both explicit and yet-to-be-made explicit knowledge.171

This brief overview provides an indication of the range of individual and collective

use of visual representations through which design work might have progressed in the

Fundición. Nevertheless, the purposes for which visual representations are deployed

vary across the stages of the design of machines. Therefore, the present analysis

focuses upon the timeframe during which ‘feasibility’ was established and the design

work had commenced or was finished. The engineering drawings were outline plans

that led to the construction of steam machines. In other words, visual representations

served as artifacts of knowing in the engineering design office of the FundiciOn and

inside the workshops for machinists and metal workers. But visual representations,

outside the foundry, and in relationship with Fomento, were employed for accounting

purposes, so as to keep a legitimate record, to elicit buy-in and to achieve sign-off by

the clients, predominantly, Fomento officials and industrial buyers. These processes

involved negotiation and the exercise of power through representation, or, in other

words, acts of what is shown, how and to whom. Consequently, it was very likely that

Loubet and the Echegurens and the Redos, negotiated designs as ‘feasible’ or ‘finished’

avoiding the ‘yet-to-be-made’ nature of drawings. They had to decide how to visually

communicate to Fomento, for example, the Government’s order for the forty-five

horsepower, high-pressure, double acting stationary horizontal steam engine. Thus

engineering drawings were used as visual representations in communications with

Fomento to explain the machine design that should be built. In this manner, the

Fundición and Fomento were assisted by the gathering ground embodied in drawings,

and the level of their negotiations was not just individual but collective as well. This

included circulating drawings for consultation, input and feedback, as well as making

available vital information to support the activities of the FundiciOn or Fomento,

respectively.

Furthermore, for both entities, the FundiciOn and Fomento, between 1891 and

1906, engineering drawings worked as visual representations of the formal process of

building machines, with its different intermediate processes, desired timeframes,

171 Kathryn Henderson, On line and on paper: visual representations, visual culture, and computer
graphics in design engineering (Cambridge, Massachusetts: MIT Press, 1999).
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regulatory inputs, outcomes and attribution of responsibilities. However,

notwithstanding the different uses of visual representations as mentioned above, the

reading of engineering drawings implied a spectrum of specialised knowledge.

Technical drawings represented an intricate relationship between knowledge those

drawings presupposed or translated explicitly or implicitly, and knowledge they

facilitated. For machine workers and engineers at the foundry, those drawings involved

mathematics, thermodynamics, geometry, mechanical assumptions and ways to

organise machine construction. For authorities in Fomento, production plans served to

regulate the amount of royalties that would have to be paid upon the horsepower

capacity of each of the engines and boilers built. But above all, production plans

provided a way to visualise the final product to be purchased. Engineering drawings

told different things to nonexperts as, for example, to accountants calculating royalties,

or to secretaries typing the engine’s technical specifications. For high ranking officials,

production plans might have been the administrative and political gathering ground for

the decision-making, and the mobilisation of political networks within other

governmental bodies to negotiate resources and favorable decisions, or for amending

contract provisions.

For the FundiciOn, it was very likely that engineering drawings not only facilitated

the building of diverse machines but created ways to negotiate legal obligations with

Fomento. In practice, the Fundición, representing the Echegurens, the Redos and

Loubet, and Fomento, representing the Mexican government, negotiated around visual

representations of machines. There are no reports indicating that Fomento visitors or

other authorities might have visited the foundry. Perhaps the only exception could be

technical inspector Natividad Gonzalez, who was responsible for the certification of

machines and whose signature is on many of the analysed drawings. Furthermore,

available documents do not reveal commentaries made by Fomento officials about

engineering drawings nor provide reactions or ways of how non-technical experts have

interpreted such visual representations. However, despite the lack of contemporary

commentary the existence of those drawings in the files of Fomento implies the

relevance that such plans had for negotiations with the FundiciOn.

Analysis of documents also revealed that Redo was the only representative from

the Fundición who established direct contact with Fomento and other high ranking
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Mexican officials at the time. I could not find any documents produced by the

Echegurens or Loubet himself that were sent to Fomento. Therefore, distances and

communications between the Fundición and Fomento were mediated by engineering

drawings and their visual interpretations sustained between both entities. As material

objects, visual interpretations constituted evidence elicited by authorities and artifacts of

knowledge for building machines. The power relationships between Fomento and the

FundiciOn took place through visual representations and the interpretations made by

technical experts, presumably at both sides. In practice, images and meanings of the

proposed design machines underwent a process of collective thinking and decision

making because technical and financial issues had to be put into consideration. As

stated, engineering drawings, as artifacts of technoscientific knowledge, had a public

dimension and an inherently political character.

Overall, the use of engineering drawings was for construction processes: from

design to manufacture; from paper to steel. However, the interesting aspect about

these visual representations is that they show complete machines only. Although some

of the drawings developed a particular focus on specific components or sections of the

machines and their arrangement, there are no drawings for independent machine parts

as, for example, specific details on valve-gears or parts of air-pumps or furnaces.

Based on this characteristic, it is possible to infer that drawings mediated between

engineers and machine workers at the FundiciOn. The graphic representations used

were intended as final views of the disposition of the different mechanisms before the

machine was actually built. Furthermore, such drawings provided specific instructions

on the two-dimensional arrangement (based on the relationship between shape and

dimension) of the machine parts, in particular, their inner structure and workings,

including main measurements between parts. In other words, their intention was to

represent its appearance or how the machine would look. Drawings provided optical

consistency that is crucial to creating an artifact from a drawing. Even though the

engineer(s) who made these drawings provided machine workers with some basic

information in the absence of the machine itself, it can be observed that there were

many gaps concerning the realisation of certain machine elements, and these remained

to be filled in by oral instructions or through the expertise of the worker or even with the
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help of workshop sketches. Therefore, at the translation of information for construction,

two-dimensional drawings provided exactness and did not distort dimensions.

For Fomento authorities, including nonexperts, the majority of these drawings

revealed to some extent, the final appearance of different but similar machines.

Because shape and dimensions were consistent, these machines became conventional

or presented a visual pattern to represent artifacts. The visual pattern facilitated the

‘reading’ of such images making familiar certain visual modes, as for example, circles

representing flywheels or lines representing solid parts. Due to the two-dimensional

nature of these drawings, it was possible for laypeople (including Fomento officials) to

recognise basic forms as, for example, horizontal and vertical, large or small, and

portable or stationary engines. For people gathering information in government offices,

it was relatively easy because additional specifications were given in each plan, such as

horsepower and control numbers of engines and boilers that were used to calculate the

fees payable to the Fundición. Particular conventions like, for example, standardisation

of the use of line (variations in the thickness for specific design designations) were not

relevant. For machine workers and engineers, the thickest lines represented the major

components. But such conventions were not a matter of major importance for

government officials. Differences in visual literacy were to be found at the two sites.

Inside the foundry workshops, it was between engineers and machine workers.

Outside, it was between the Fundición and Fomento. Although today we can recognise

most of the objects represented, their parts, their relations to one another, inner

workings, shapes, and dimensions, our understanding is restricted without the

engineering code through which engineer Alejandro Loubet and his contemporaries

interpreted these drawings between the 1890s and 1900s.

The issues introduced in this chapter-station are just a few of the negotiations

encountered when engineering drawings were introduced into the paper-world

conventions of machine design and construction, particularly at the inside of the

FundiciOn. The analysis of the engineering drawings provided information about their

impact on processes of machine construction, organisation of workers, and interactions

between inter-groups of the Fundición and Fomento officials. For almost everyone,

engineering drawings translated information for different purposes and facilitated the

negotiation of different interests. For the FS, plans served to organise work, to
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communicate visual ways of constructing artifacts, and to negotiate who would

participate and how. For Fomento, plans delivered information to calculate fees, to

negotiate payments, and to visualise artifacts by providing concrete shapes that would

be part of records and paper work. Fomento officials were dealing with visual

representations of machines, not real machines. For machine workers and engineers,

such visual representations were stepping blocks to construct real machines.

Engineering drawings, therefore, served as gathering ground for the FundiciOn and for

Fomento, to negotiate their interests and to deliver the expected results accordingly.

Yet this gathering ground for negotiation was not a straightforward, clear-cut

ground, free of disagreements; at times, it included contestation. The nature of visual

representations and the ways that different groups of individuals and their entities

interpreted such representations and understood machines was also translated through

engineering drawings. This issue, the flexible meanings of artifacts, of machines, is part

of the analysis of the chapter-stations that follow, which is developed under

sociotechnical and cultural angles. For the moment, the visual analysis of the

engineering drawings served to illustrate their role and functions inside the FS, and,

outside the foundry, to explore the context of negotiations of virtual and real machines

between the Fundición and Fomento.
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Chapter-Station 4: The Moving Gears of the Fundición de Sinaloa

This chapter-station moves away from digging under the engine and from

explorations of the chassis and the roles of design as well. Instead, it focuses on ‘the

moving gears’ which made possible the construction of networks that fostered the

system-building of the Fundiciôn. The station describes how Loubet, the Echegurens

and the Redos mobilised workers, authorities, politicians, businessmen, resources, and

more, and created interactions between local and national networks. The business

partners and owners of the FundiciOn embodied the moving gears. Their actions

generated dynamics inside and outside of the foundry (Figures 7 and 8). But, at the

same time, different types of associations amongst human and machines took place

during the process of creating a system for manufacturing steam engines and boilers.

In previous chapter-stations, I have explored how international and local actor-

networks within the context of steam engineering translated engines, employed

knowledges, designs, and mobilised entrepreneurs, machine constructors, engineers,

machinists, and more actors involved in machine building. Such human and non

human networks were not fixed and static but flexible and mobile. Networks created

synergies, sociotechnical arrangements, between people and machines while fostering

processes of translation of many more people and machines, across settings and time.

The interplay between local and international conditions served to substantiate how the

Fundición adapted steam-technoscience to suit local conditions and how the foundry

developed its own organizational capabilities and technological system for building

machines.

Inside the system of the Fundición there were networks comprised of workers

and tools, materials and buyers, and others. However, there were also mandatory,

standardised actions and processes carried out in the foundry. Such actions and

processes constituted obligatory passage points, as, for instance, metal casting and

machine construction operations. Both activities were dependant on each other. That

is, in order to build machines the Fundición required the forging and casting of metals.

But casting and forging as independent processes did not mean that the foundry was

prepared for doing machine building. For that reason, the mediation and efforts of
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actors, as for example, Loubet and machinists, was necessary in order to develop both

processes (metal casting and machine working) as an integrated system. As a result,

actors who were enrolled in the networks of the FundiciOn (such as workers, machinists,

technicians, staff, suppliers, and business partners) were persuaded to move through

these obligatory passage points, and in such a way, they contributed to the

maintenance of the networks that sustained the system. Eventually, actors who

successfully defined and controlled an obligatory passage point became indispensable

for the system of the Fundición and grew in strength. This was the case of engineer

Alejandro Loubet, inside the foundry, and of his business partners JoaquIn Redo and

Francisco Echeguren, outside the foundry. Together, Loubet, Redo and Echeguren

created obligatory passage points based on their ability to persuade and enrol other

people who were deemed necessary for the system of the FundiciOn.

Loubet, Redo and Echeguren by establishing networks also played the role of

technological, organisational, administrative, and industrial system-builders. The

machine building processes established by these men required capital, materials, fuels,

fiscal incentives, skilled workers, equipment, and more, in order to make it possible for

the FundiciOn, as a company, to compete in the national market by securing contracts,

attracting clients, and accumulating experience and profits. For these reasons, this

chapter-station considers the way in which Loubet, Redo and Echeguren sought to

position their business in local and national networks in order to obtain the time and the

resources needed to build and maintain the systems and networks for the Fund ición. In

addition, this chapter-station discusses the ways in which the shape of the project of

machine building was influenced not only by the efforts of those men, but also by events

that modified the shape of the local and national actor-networks as well. Thus, the

analysis traces the strategies and contingencies that led to the creation of both local

and national networks, the fates of the owners and managers of the Fund iciOn as they

sought to shape networks and control the relations between them, and the progressive

collapse of the business. In a certain way, my description is the history of the Fundición

as an industrial business that despite having the potential of becoming of strategic

importance within the mechanisation of Mexico, in reality, only went into closure.
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Station 4.1. The Context of Machine Building

In Mexico, by around the 1870s, the machine building business standing on its

own was not existent. Mining companies and textile mills operating in the country, for

example, had to import their machines or repair their own equipments in machine

shops. Many of the American, European and Mexican mining companies employed a

combination of local and foreign smiths and carpenters to repair and maintain their

mechanical equipment. Nevertheless, as industrial activities gradually spread across

the country, mechanisation became intense and complex. As a result, machine building

began to emerge as a market opportunity and as a distinctive technological activity in

order to meet the growing demand for machines in a wide range of industrial activities.

Yet, the national market for machines was dominated by international machine builders

and practically there were no domestic competitors.

In this context, the Fundición of Sinaloa emerged as an independent machine

builder. The industrial organisation of machine construction required a sizable local and

sub regional market to generate sufficient business to cover its fixed costs (land,

buildings, and equipment) and its variable costs of labour and materials (pig iron, wood,

and coal). By the early 1870s, such market conditions were met. Consequently, the

FundiciOn benefited from a prosperous mining and industrialising environment in the

Pacific coastal region of Sinaloa, with access to other sub regional markets in Durango,

Sonora and Baja California Sur. At the same time, because the ES was strategically

located in a port, it had also access to international trade with Boston, Philadelphia,

New York, Sand Francisco and Europe.172

For the years it worked, the Fundición possessed extensive internal networks

and integrated systems that involved the mobilisation of hundreds of workers,

designers, managers, funds, and a high amount of heterogeneous elements including

172 Cf. Leonidas L. Hamilton, Border States of Mexico: Sonora, Sinaloa. Chihuahua, and Duranao (New
York, 1883) 108.
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machine designs, machine parts, machine tools, iron, furnaces, equipment, and more.

Activities ‘inside’ the FundiciOn allowed the company to grow and were developed in a

fluid setting in which the requirements, interests, and even Loubet, Redo and

Echeguren themselves changed during the course of the company’s lifetime. In its

business cycle, hundreds of thousands of decisions were made in the middle of

changing political, social and economic conditions. By 1906, the Fundición was

assailed by the ramifications of an international economic crisis that dramatically

dropped the demand for machinery. At the same time, the progressive displacement of

steam power by electricity and internal combustion engines was taking place, as the

country was entering into great social unrest that eventually led to the 1910 Mexican

Revolution.

In an attempt to mobilise and stabilise a local network in order to obtain

resources with which to carry forward the metal casting and machine building activities

of the Fundición, Loubet, Redo and Echeguren developed a set of relations among

them, and between the Mexican government and local businessmen who they needed

to be involved. The outcome of such actions made possible the insertion of the

FundiciOn into a network that was built up, intentionally, and that generated a space, a

period of time, and a set of resources in which technological adaptation of steam

machines took place. Within this ‘negotiation space’,173 I characterised the process of

system-building carried out by the business partners the FundiciOn as the construction

of networks that were necessary to the successful production of steam machines.

In other words, the Fundición was the outcome of balancing acts in which diverse

elements from both ‘inside’ and ‘outside’ the machine building business were

juxtaposed. In sum, Loubet, Redo and Echeguren, workers, engineers, machinists, and

all those who were involved in the business of constructing machines in Mazatlán,

Sinaloa, developed their central network and system. And over the years, they worked

173 Cf. John Law, and Michelle Callon, “The Life and Death of an Aircraft: A Network Analysis of Technical
Change”, Eds. Wiebe E. Bijker and John Law, Building Society. Studies en Sociotechnical Change
(Cambridge, Massachusetts: The Massachusetts Institute of Technology Press, 1992) 21-52.
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to maintain and expand the activities of the FundiciOn in order to survive under the

national and international conditions characterised by Mexico’s processes of

mechanisation, the penetration of international machine builders, and the economic,

industrial and social unrest that had arisen in Mexico.
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Station 4.1.2. Building Business Partnerships

By the late-nineteenth century, steam engine manufacturing was not a leading

edge of the heavy capital equipment industry in Mexico. Neither tool making nor

machine tool construction was developed on a national-scale. These sectors were

vacant in the country and engines, tools and machine tools were predominantly

manufactured in the United States and Europe and imported as ready-made products

for many industrial firms by importers of machinery, many of them established in

Mexico.174 In general, the international market for steam machines was controlled by

machine builders with available international networks in order to position their

machinery almost everywhere in the world. In Mexico, progressive mechanisation

required diverse machinery and, as a consequence, steam powered machines.

As a result, it soon became evident for some businessmen in Mazatlán that there

was a market opportunity in local machine construction. In other words, the FundiciOn

emerged as an accessory business of the mining, textile and agricultural expansion that

was taking place in Sinaloa and bordering states. By the 1870s, this regional and

national industrial expansion was based on intensive mechanisation and exerted a

beneficial influence upon the creation of the FundiciOn. Mining in particular, and later

textiles, created a vast new demand for machinery and equipment, and established new

links to important commercial and industrial centres in the United States, Europe and

Mexico. The establishment of railroad and mining companies in the region and the

northern states of Sonora and Nuevo Leon provided a significant boost to the fortunes

of international machine builders. But at the same time, the mining regions fostered the

local technological adaptation of steam engineering that was emerging in Mazatlán.

Thus, from the beginning, entrepreneurs established in Sinaloa certainly appreciated

the importance of the mining firms in the growth of their businesses. And from the

beginning, they focused their attention upon the business of machine construction.

174 Cf. Edward Beatty, Institutions and Investment. The Political Basis of Industrialization in Mexico Before
1911 (Stanford, California: Stanford University Press, 2001) 119.
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By about 1867, three Mexican families in Mazatlán emerged as industrial

leaders. Their backgrounds were varied, indicating business experience, in general,

and knowledge in the machine building, in particular. In partnership, these three families

owned the ES integrating what I call the group of Business Partners: Francisco

Echeciuren, Hermana y Sobrinos (F. Echeguren, Sister and Nephews]), Alejandro

Loubet y CompañIa, and JoaciuIn Redo Balmaceda.175 These men —from Spanish and

French backgrounds—were investors who formed over the years a cohesive group

whose business partnerships were solidified socially by intermarriage and the

subsequent melding of extended families, as it was in the cases of the Echegurens and

the Redos.

The business partners, considered an industrial oligarchy in Sinaloa during the

second half of the nineteenth century, had substantial capital investments in industrial

projects of diverse scope including real state, landholdings, sugar mills, textiles, mining,

and manufactured goods. Furthermore, they acquired shares in other American and

French owned mining businesses located in Sinaloa, Sonora and Baja California, and

175 Information about the Echegurens, the Redos and Loubet is disperse and combines primary and
secondary sources. I am drawing from: Gustavo Aguilar Aguilar, Sinaloa. Ia industria del azücar: los
casos de La Primavera y Eldorado, 1890-1910 (Culiacán, Mexico: Dirección de lnvestigaciOn y Fomento
de Ia Cultura Regional, 1993); Victor Hugo Aguilar Gaxiola, Las familias poderosas del Cabildo de
Culiacán, 1872-1910 (Mexico: Universidad Autónoma de Sinaloa, 2004); Felix Brito Rodriguez, La
polItica en Sinaloa durante el Porliriato (Mexico: DirecciOn de lnvestigaciOn y Fomento de Cultura
Regional, 1998); Arturo Carrillo Rojas, Los caballos de vapor. El imperio de las mãciuinas durante el
Cañedismo (Mexico: Colegio de Bachilleres del Estado de Sinaloa: 1998); Hubert Carton Grammont, Los
empresarios agricolas y el estado: Sinaloa, 1893-1984 (Mexico: Universidad Nacional Autónoma de
Mexico, 1990); Oses Cole Isunza, Diccionario Bioqráfico e HistOrico de Mazatlãn (Mexico: Cruz Roja
Mexicana I DelegaciOn en Mazatlán, Sinaloa, 2006); Gilberto LOpez AlanIs, El Porfiriato en Sinaloa
(Mexico: DirecciOn de InvestigaciOn y Fomento de Cultura Regional del Gobierno del Estado de Sinaloa,
1991); Rigoberto Arturo Roman Alarcón, Comerciantes extranieros de Mazatlán 1880-1910 (Culiacán,
Mexico: Colegio de Bachilleres del Estado de Sinaloa, 1998); John Reginald Southworth, El estado de
Sinaloa, 1898. Because corporate and genealogical records on these businessmen are dispersed, I
conducted research in the Archivo HistOrico Municipal de Mazatlán (AHMM) where I consulted the
newspapers El Correo de Ia Tarde (1880 to 1884; 1888 to 1893), and El Estado de Sinaloa. Organo
Oficial del Gobierno (1881 to 1888; 1900 to 1901) and municipal documents from the files of Presidencia,
Independiente (1880 to 1895). In Culiacán, Archivo General de Notarias del Estado de Sinaloa (AGNES),
section Notarios, years 1885 to 1891; 1896 to 1902, and 1906 to 1908. In Mexico City, Archivo General
de Ia NaciOn, Fondo lndustrias Nuevas (AGN-FIN). For the sake of simplicity, and to avoid unnecessary
repetitions, only additional sources that are not included here will be indicated as needed or when specific
information requires full citation.
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took on additional partnerships with local businessmen. By the late 1870s, they were

expanding their assets while creating local networks to organise and control their

industrial projects. Together, these men and their families exercised great influence in

the development of public works in Mazatlán and Sinaloa, such as irrigation systems for

their sugarcane crops, introduction of electricity and drinking water to the city, and the

establishment of banks, beer breweries, refrigeration and ice making, and more.

Over time, the business partners developed a high level of national and

international political and commercial activities including participation or holding office

as executives in the Mazatlán Chamber of Commerce (F. Echeguren, J. Redo. and A.

Loubet), the Mexican National Congress (J. Redo), the Government of Sinaloa (J.

Redo), and Consul of Commercial Affairs appointed by the Spanish Government (F.

Echeguren). In addition, all of these men were also recognised among the leading

industrialists in Mazatlán by successive American Consuls. The business partners

expanded their local networks to national levels including the Mexican Government by

keeping personal ties with high ranking officials. At the international level, they

developed commercial relationships with the United States (importing machinery,

goods, and exporting sugar and manufactured goods) and Europe (importing goods and

pig iron). Basically, the business partners secured considerable monetary funds

through their businesses in the national manufacturing and industrial sectors. Thus,

capital investments for the development of the FundiciOn were available, such as for the

financing of production, distribution and commercialisation, along with the national

contacts to build up the networks required for the production and commercialisation of

steam machines.

For the business partners the FundiciOn was simply another business which had

to be secured and financially protected. For this purpose, the legal base of their

business partnership was of the greatest importance and involved several mergers over

the years. In general, their partnership was established upon a single model of
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agreement called comandita.176 This type of partnership was useful for labour-capital

partnerships, particularly in the case of the Fundición where one or more financial

backers preferred to contribute money or resources while the other partner performed

the actual work, such as engineering activities. Under this legal scheme, the

Echegurens and the Redos played as money investors whereas Loubet took over the

technical and administrative control of production in the foundry. In such situations,

liability is the driving concern behind the choice of limited partnership status.

Consequently, to describe the ES as a business enterprise in which the changing

interests of the business partners shaped the context and content of the EundiciOn, it is

crucial to describe the evolution of the many capital mergers and changes of legal

contracting names that took place. Eventually, the ES emerged as the fusion of two

iron foundries and a shipyard that became organised under a single business name

with diverse legal provisions. These legal and technical changes had different impacts

on the process of machine construction and, simultaneously, they serve to describe

how the business partners developed their networks and understandings about steam

machines that eventually fostered or limited the life of the EundiciOn.

176 The comandita agreement — popular in Mexico and Spain during late-nineteenth century- was close to
a Limited Partnership, a form of partnership similar to a General Partnership, except that in addition to
one or more general partners, there are one or more limited partners under specific ways. The general
partners are, in all major respects, in the same legal position as partners in a conventional firm. For
example, they have management control, share the right to use partnership property, share the profits of
the firm in predefined proportions, and have joint and several liabilities for the debts of the partnership.
See Joseph Wheless, Compendium of Laws of Mexico. Officially Authorized by the Mexican Government
(St. Louis: The F.H. Thomas Law Book Co., 1910) 632-633.
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Station 4.2. Building the Fundición de Sinaloa

The business partners of the Fundición did not wait for contracts to be awarded

formally in order to begin their operations.177 By the late 1870s, they set about the

complex task of building a permanent local network of mechanical engineers, machine

designs, machinists, metal workers, management, and subcontractors who would help

in the construction of the facilities necessary to produce forgings and castings for the

construction of steam machines within the time and budget established by the business

partners themselves. This process of system-building is later explained in full, but, in

the meantime, it can be described as follows.178 In order to start the building the

FundiciOn, the first step was the transformation of the small local blacksmiths shops that

were engaged in simple metal forging and iron furnaces and produced castings that met

most metalworking needs. The second step was the consolidation of two different iron

foundries working independently. The foundries reduced their average costs if they

produced many identical castings from patterns by spreading the fixed costs of making

patterns over a large volume. The third step was to incorporate two separate industrial

organisations and machine designs: one for steam engines and another for the

production of boilers. The fourth and final step was to take control over the two

foundries in order to fuse them into one industrial organisation combining machine

designs for both engines and boilers. Many problems had to be resolved in this process

of system-building and local networking. First, steam-technoscientific knowledges and

face-to-face interaction with machines and skilled workers’ tacit knowledge had to be

integrated into one single approach to design and machine building. This issue was

177 During my research in Mazatlãn, Culiacán, and Mexico City, respectively, I could not find any
documents that suggest or serve to directly state that the FS had negotiated enough local ccntracts or at
least had secured potential buyers in order to launch the required capital for establishing the foundry.
However, the absence of this evidence has no relevance because at the time there was in Sinaloa
sufficient local demand for steam machines which served to justify such endeavours. I further explain this
issue in the following pages.
178 My analysis and interpretation about the process of system-building of the Fundición is based on
archival documents from Archivo General de Notarias del Estado de Sinaloa (AGNES), sección Notarios,
1884-1900, Archivo Histórico Municipal de Mazatlán (AHMM), and Archivo Histórico de Culiacán
(AHMC), respectively.
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explored in previous chapter-stations. Second, the FundiciOn needed to readily

duplicate simple patterns such as those for piston rods and small machine components.

Much of the cost of making castings consisted of the molten pig iron (buying pig iron

and reheating it in a cupola furnace) and of the labour cost of finishing castings.

Transportation costs for heavy castings kept distribution within local and sub regional

markets. Yet the process of system-building and local networking was not composed of

technical people alone or machines. The interests of the business partners posed

fundamental differences between them at the beginning. On the one hand, liability and

the protection of their capital investments was their main concern. On the other hand,

concerns about sufficient technical capabilities were at stake once local contracts

started to be awarded. However, the process of getting to know the business partners,

workers, employees, machinists, and engineers and settling down to collaborative work

was generally successful in the end even if not free of contingencies.

In retrospect, the basics of system-building and local networking for the

FundiciOn de Sinaloa were conceived in the mind of Francisco Loubet (F. Loubet) in

1862. F. Loubet (c.181 7-1 897) emigrated from France, and established the first foundry

known in Mazatlán. This fact suggests that local conditions were favorable including

access to fuel, materials and workers. F. Loubet’s migration most likely happened

before the French Intervention in Mexico (1862-1867). Although there is no direct

evidence linking F. Loubet with the Ecoles d’Arts et Métiers, it was very possible that he

learned forging and metal skills in France, and that he likely followed a job tradition

within his family. The foundry’s name is unknown but it is possible that it was called

after his name.179 The foundry was a metal casting floor-shop and we do not know for

certain if some kind of machines or even tools were produced. The technical

implications of this first foundry, nevertheless, are relevant because eventually the FS

was based on this rudimentary organisation. F. Loubet married Juana Guzmán; their

179 This possibility, the naming of FundiciOn Loubet, is also suggested by John Reginald Southworth, i
Estado de Sinaloa (1898) 84.
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child, Alejandro Loubet Guzmán, was born in 1858. Alejandro Loubet later became a

necessary actor for the FundiciOn in order to achieve large-scale machine construction.

In 1867 F. Loubet sold his iron foundry to JoaquIn Redo Balmaceda (J. Redo).

Thus it can be inferred that Loubet’s business was successful as it continued to

operate. Soon after, J. Redo initiated the manufacturing of mining equipment such as

crushers, tools, and later of steam engines and boilers. This fact suggests that F.

Loubet had developed the essential technical and organisational capabilities; otherwise

it would have taken several years to create a working local network for basic metal

workings and machining. However, in the new take over of the foundry by J. Redo, it is

unknown who was behind the technical operations at the time. The name of the

establishment changed from F. Loubet’s ownership to Fundición de Mazatlán.

At an unknown date, F. Loubet formed another business partnership with local

businessman Francisco Urriolagoitia and established the second iron foundry in

Mazatlán known as the FundiciOn de Sinaloa. Based upon this information is fair to say

that F. Loubet had the knowledge and know-how, and that he sought for financial

backing. In 1883, the partnership was terminated and Urriolagoitia sold his shares to

Francisco Echequren, Hermana y Sobrinos. As confusing as it may be, there were

three people carrying the same name: Francisco. To avoid misunderstandings, these

individuals are mentioned as: F. Loubet, F. Urriolagoitia, and F. Echeguren.

As a consequence of these business transactions, from 1867 to 1885, there were

two iron foundries operating in Mazatlán: FundiciOn de Mazatlán and/or Vicente Ferreira

y ComrañIa (owned by V. Ferreira and J. Redo) and FundiciOn de Sinaloa and/or

Loubet y CompañIa (owned by F. Echeguren and A. Loubet).18° These foundries were

independently producing steam machines and commercialising their products at the

180 Cf. Leonidas L. Hamilton, Border States of Mexico: Sonora, Sinaloa, Chihuahua. and Duranpo (New
York, 1883) 114. Hamilton said: “Two iron foundries are located here [Mazatlán] that have considerable
trade”. This evidence not only confirms the existence of both foundries but reveals that there was
sufficient local demand for machines.
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national level, although details about their technical infrastructure are unknown. This

fact also suggests that there could have been more mechanical engineers involved in

the machine building representing a great deal of steam-technoscientific know-how and

skilled workers. Local demand for sources of power to activate manufacturing

machines was expanding as mechanisation on the Pacific coast advanced due to

foreign and national investments in agriculture (sugar cane and sugar refining), mining,

railway construction, and textiles.’81

In 1877 Redo’s foundry was producing steam machines used for water pumping

and metal extraction in mining. The foundry also sold tools and machineries to mining

firms in Baja California Sur, and Sinaloa. During this time it was very possible that a

local network was set in place, mobilising workers, machine designers, contractors, and

building materials leading to successful machine construction. In retrospect, from 1867

when J. Redo bought from F. Loubet the foundry, to 1877, the Fundición de Mazatlán

developed a system capable of adapting steam engineering and enough experience for

machine construction. Therefore, the specialisation of several technicians and workers

who were behind the foundry was taking place, in order to supply tools, machines,

lesser equipment and repair parts to local companies. These activities comprised

diverse groups of individuals, including those who gained experience in the

manufacturing and mining sectors, and very likely from the steam engine construction.

In 1879 J. Redo and V. Ferreira established a five-year Limited Partnership. The

business name on contracts changed from FundiciOn de Mazatlán to V. Ferreira y

ComanIa with a combined capital of $39,000.00 Mexican pesos. J. Redo was the

limited partner and V. Ferreira was the general partner, acting as a manager. We do

not know V. Ferreira’s background but it is fair to say that he may have been

181 Cf. Gustavo Aguilar Aguilar, Sinaloa. Ia industria del azücar: los casos de La Primavera y Eldorado,
1890-1910 (Culiacãn, Mexico: DirecciOn de InvestigaciOn y Fomento de Ia Cultura Regional, 1993); VIctor
Hugo Aguilar Gaxiola, Las familias poderosas del Cabildo de Culiacán. 1872-1910 (Mexico: Universidad
AutOnoma de Sinaloa, 2004); Felix Brito Rodriguez, La politica en Sinaloa durante el Porfiriato (Mexico:
DirecciOn de lnvestigaciOn y Fomento de Cultura Regional, 1998).
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knowledgeable about machine construction. In general, the new agreement established

that V. Ferreira should receive a monthly income of $150 pesos, and J. Redo was

entitled to ten percent reduction on any product from the foundry.

By 1880, V. Ferreira y CompañIa built a double-acting cylinder steam engine with

sixty horsepower for the mining company Mineral Yoguive, in the State of Chihuahua.

The case of this engine is noteworthy and represents a good example of the level of

machine building that had been achieved. The engineering was adapted to the local

conditions; in particular, the lack of means of transportation. The entire engine was

taken apart into small components and shipped by land on mules.

In general, by around the 1870s, inland communication within Sinaloa, including

Mazatlán, was almost non existent and it took many years to improve transport

conditions. The lack of better means of transportation such as railways negatively

affected commercialisation and distribution of machineries produced in the Fundición.

As a result, many local businessmen preferred to import foreign steam engines and

boilers even though they paid more, as it meant that equipment was more accessible,

especially for those northern Mexican states closer to the United States’s border that

had extensive railway coverage. In general, inland distribution severely limited the

commercial expansion of the Fundiciôn but not to the point of collapse. In practice, the

crossing of the Sierra Madre, with rugged mountains and elevations over 5,000 feet,

made distribution of manufactured goods almost impossible and expensive. For years,

the Sierra Madre Mountains was a natural barrier which isolated Sinaloa from the inland

states of Mexico and other northern regions including Durango and Chihuahua. It took

a long time to build the railways in the Pacific region in order to expedite trade. In 1883,

the first railway built in Sinaloa ran from Culiacán to Altata, connecting to the Pacific

Ocean that was just west of Culiacán. The original project included passing through
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Novolato and from there northeastwardly to Durango. However, the project went

unfinished and stopped in Culiacán.182

In 1903 the second railway from the harbour of Topolabambo to San Bias, in the

State of Nayarit was built. This project dated back to 1881 when American

businessmen from the Texas, Topolobambo, and Pacific Railroad and Telegraph

Company projected the construction of around 1,200 miles of track. The main line was

projected from Topolobambo, on the Gulf of California, northeastwardly through the

States of Sinaloa, Chihuahua, and Coahuila, to Piedras Negras, on the RIo Grande,

opposite to Eagle Pass, Texas. Other branches were projected from the main line

northwardly to Alamos, in the State of Sonora, and southwardly to Mazatlán, in the

State of Sinaloa. At the end, the project had serious financial problems and connected

only Nogales to Guaymas, in the State of Sonora.183 In 1906, another line was built to

connect San Bias, in the State of Nayarit, to Culiacàn and from there to Mazatlán. By

1910, railroad lines crossed all over the State of Sinaloa. Finally, in 1927, railways were

available to connect Mazatlán to Guadalajara, crossing the Plan de Barrancas in the

State of Nayarit —which is part of the Trans-Mexican Volcanic Belt- and from there to

Mexico City.

In 1883, F. Echeguren, Hermana y Sobrinos, shareholders of Fundición de

Sinaloa established a three-year Limited Partnership with mechanical engineer

Alejandro Loubet Guzmán. The legal name of the company was Loubet y CompañIa.

F. Echeguren acted as general partner, sharing sixty-five percent of debts and profits

while A. Loubet shares were thirty-five percent. This partnership was the beginning of

182 Cf. Ministerio de Fomento, Coionización, industria y Comercio, Ferrocarril Internacional Mexicano. El
contrato celebrado con el Gobierno de Mexico v las comunicaciones relativas (Mexico: Imprenta de DIaz
de LeOn y White, 1873). 17-18, 30-31, 40-45, 57. The document refers to the contract between Bias
Barcárcel, Secretario de Fomento, and Edward Lee Plumb, representing the Ferrocarril intemacional
Mexicano of October 6, 1872. See also Leonidas L. Hamilton, Border States of Mexico: Sonora, Sinaloa,
Chihuahua, and Duranqo (New York, 1883) 102-103, 106-107, and 113-114.
183 Cf. Alexander Dwight Anderson, The Topolobamo Pacific Railway (Washington: Gibson Brothers
Printers, 1882).
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the expansion of financial and engineering systems, and the expanding of networks that

led the foundry to achieve machine construction.

In 1884 V. Ferreira died. His shares passed on to his widow Carlota Hidalgo de

Ferreira, along with a debt of $2, 181.60 pesos from a loan given by Jesus Escobar. As

collateral, Escobar kept the business’s mortgage contract. J. Redo kept control over his

shares. The iron foundry in question was FundiciOn de Mazatlán that changed to

Ferreira y CompañIa in 1879. The foundry was in financial trouble. 184

In 1885 V. Ferreira y CompañIa installations and machineries were rented to A.

Loubet y CompañIa for $ 100.00 pesos per month. At this point it is important to bear in

mind that A. Loubet was working in his own company, and that the renting of additional

machinery very likely was because productive expansion was needed. Carlota Hidalgo

de Ferreira received sixty percent of rent payments and Redo the remaining forty

percent. During this year the industrial fusion of both foundries took place but

ownership was carried by their shareholders respectively. The foundry defaulted

payment to creditor Jesus Escobar who legally sued V. Ferreira v CompanIa. Later on,

Escobar sold his legal deed to Francisco LavIn, thus acquiring the right to collect. The

foundry went to public auction based on an appraisal of $34,000 pesos. The only bid

price presented -—$25,000 pesos—came from A. Loubet, who took over the foundry on

December 25.185

In April 22, 1886, the first Limited Partnership between F. Echequren, Hermana y

Sobrinos and A. Loubet expired. A new agreement was renewed for three years and

five months, this time based on a General Partnership which refers to an association of

persons or an unincorporated company formed by two or more persons. The owners

are all personally liable for any legal actions and debts the company may face. The

legal name continued to be Loubet y CompañIa and the partnership was restructured as

184 Cf. Archivo General de Notarias del Estado de Sinaloa (AGNES), secciOn Notarios, 1884.
185 Cf. AGNES, sección Notarios, 1885.
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follows. F. Echeguren. Hermana y Sobrinos acted as financial backers whereas A.

Loubet acted as industrial manager with a monthly salary of $300.00 pesos. Debts and

profits were divided: sixty-five percent for F. Echeguren. Hermana v Sobrinos and thirty-

five percent for Loubet. he joint capital after the merger of both foundries added up to

$44, 000 pesos: $34,000 from FundiciOn de Mazatlán and/or V. Ferreira v ComrañIa,

and $10,000 pesos from FundiciOn de Sinaloa and/or Loubet y CompañIa.

At the time, the Fundición de Mazatlán was conveniently located facing the Olas

Altas bay, adjacent to the Mazatlán Port Authority and Customs. Thus, imported goods

and materials were easily transferred to the foundry. During 1886, all equipment and

machineries from Loubet y Compañia were relocated to the installations of Fundición de

Mazatlán. From 1887 thereon, the foundry became a systematic industrial business

legally known as Fundiciôn de Sinaloa. In May 2, 1887, Loubet y CompañIa and

Fundición de Sinaloa agreed to extend their Limited Partnership until September 22,

1889.186

On June 2, 1888, J. Redo negotiated a business contract with SecretarIa de

Guerra y Marina, including the involvement of Secretarlas de Hacienda and

Fomento,187 to repair Mexican war vessels, steam engines and boilers. The agreement

was established under the condition that Redo must purchase from the Mexican

Government diverse materials stored in an abandoned Arsenal located in the Port of

Acapulco. The materials in question were acquired during the administration of

President Manuel Gonzalez (1880-1884). According to records, the estimated value for

the Arsenal including some unspecified machineries was $100,000 pesos. Additionally,

Redo founded on October 12, 1888, a shipyard in the Port of Guaymas, Sinaloa, known

186 Cf. AGNES, sección Notarios, 1886.
187 Cf. AGN-FIN, box 14, file no. 1, doc. 27, printed copy of: Contrato celebrado entre Ia Secretaria de
Guerra y Marina y el señor D. JoapuIn Redo para el establecimiento de un Arsenal y Fábrica de
Mãciuinas y Calderas en el Puerto de Mazatlán (Mexico: Antigua Imprenta de Murgula, Portal del Aguila
de Oro nümero 2, 1889) 1-24. The analysis of the nature of the government concessions that were
provided according to the context of fomento policies, and the relationship between the FundiciOn and
Fomento is discussed on Chapter-Station 5.
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as Arsenal del PacIfico, Redo y CompanIa. The legal contract was registered in Mexico

City establishing Redo’s partnership with his son JoaquIn Redo de Ia Vega who acted

as his father’s legal representative. Arsenal del PacIfico did not begin its operations of

repairing and producing steam boilers until 1891. This delay, which will be explained in

the next chapter-station, caused Redo further complications with the agencies of the

Mexican government that redounded in the future operations of the ES.188

In August, 1889, before the Limited Partnership contract of 1887 between Loubet

y CompañIa and Fundición de Sinaloa expired, the parties modified again their legal

association. This time they established a Limited Liability Partnership which has

elements of both partnerships and corporations. In a Limited Liability Partnership, all

partners have a form of limited liability, similar to that of the shareholders of a

corporation. However, unlike corporate shareholders, the partners have the right to

manage the business directly.’89

By 1890, electricity was beginning to be widely used in Mexican flour mills, textile

factories, and mining companies.’9° Steam machines now had a competitor that was

sweeping away steam technology all over the world. In 1891, Redo had delayed two

years in fulfilling his obligations of repairing and building steam engines for the Mexican

government. Thus he needed to expand his technical capabilities in order to comply

with the contract of 1888. In consequence, Redo negotiated a joint venture agreement

with the business partners of the FundiciOn de Sinaloa (F. Echeciuren, Hermana v

Sobrinos and A. Loubet). J. Redo, the Echegurens and Loubet agreed to keep the

manufacturing of steam engines and boilers separate from. For this purpose, a side

188 Cf. AGN-FIN, box 14, file no. 1, doc. 27, Contrato (Mexico: Antigua Imprenta de Murgula, Portal del
Aguila de Oro nümero 2, 1889) 1-24; AGNES, sección Notarios, 1889.
189 Cf. AGNES, sección Notarios, 1889.
190 Cf. ciro Cardoso et al, Mexico en el siglo XIX (1821-1910): historia económica y de Ia estructura
social (Mexico: Nueva Imagen, 1980). In this volume see in particular, Ciro Cardoso and Carmen Reyna,
“Las industrias de transformación (1821-1880)”, 381-390. The authors explain the process of
incorporation of new technologies into the industrial sectors of Mexico from a socio-economical
perspective.
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company, CompañIa Nacional de Construcciones Mecánicas was established,

beginning its operations on 22 July 1891.191 A. Loubet was appointed as its manager,

meaning that he was managing the production of both engines and boilers. In this

manner, Redo introduced through his partnership with Fundición de Sinaloa the

concessions that he negotiated before in the Government Contract of 1888.

Consequently, the ES was entitled to fifty percent of the profits from the production of

steam engines, and to twenty-five percent reduction on imported goods relative to the

manufacturing of steam machines, including the waiver for the ton-cargo fee applicable

to each shipment introducing the goods.

Accordingly, Arsenal del PacIfico, Redo y CompañIa benefited with the fifty

percent of the profits from the production of steam boilers and with seventy-five percent

discount on imported goods. In 1891 CompañIa Nacional de Construcciones

Mecánicas produced steam engine number I with a capacity of sixty-five horsepower

units. The same year, in the State of Sinaloa, there were 10,430 horsepower units

divided up into four productive sectors: mining, manufacturing, agriculture and

transportation.192 This fact accounts for the rapid industrial development in the region

and, consequently, mechanisation required more steam engines.

In 1892, FundiciOn de Sinaloa produced steam engine number 11 under special

design as requested by the art foundry for artists and sculptors Fundición ArtIstica

Mexicana S. A. of Mexico City. According to Tenorio Trillo,193 the foundry was

established by JesUs Contreras, a famous Mexican sculptor who actively participated in

the design of Mexico’s pavilions for the Paris Expositions of 1888 and 1900. This

information reveals the national prestige that the EundiciOn acquired at the time, and

191 AGN-FIN, box 14, file no. 1, doc. 27, Contrato (1889) 1-24.
192 Cf. El Estado de Sinaloa. Organo Oficial del Gobierno, no. 28, 1888.
193 Cf. Mauricio Tenorio, Trillo, Artilugio de Ia NaciOn Moderna. Mexico en las exposiciones universales,
1880-1930 (Mexico: Fondo de Cultura Económica: 1998) 158. AGN-FIN, box 17, files no. Ito 4, provide
information about engines.
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how the Echegurens, the Redos and Loubet established a network that was operating

between Mazatlán and Mexico City, linking diverse types of industries.

In December, 1896, Loubet y CompañIa disappeared as a legal contracting

name. Instead, FundiciOn de Sinaloa was legally registered. The parties agreed to

carry forward their Limited Liability Partnership. Accordingly, F. Echequren, Hermana y

Sobrinos continued to be the financial backers, entitled to sixty-five percent of profits,

whereas A. Loubet acted as industrial manager, with thirty-five percent of profits and a

monthly salary of $500 pesos. Also the business partners kept control over Redo’s

Government Contract of 1888. That same year, J. Redo sold his machineries from

Arsenal del PacIfico, Redo y CompañIa to the business partners of the FundiciOn de

Sinaloa.194 From this year on, steam engines and boilers were produced together in the

same foundry locale. At that time, Fundición de Sinaloa underwent two major industrial

fusions of machinery. For this reason, installations expanded, more workers were

hired, the system for machine building consolidated, and large-scale production became

more complex. As a result of this evolution in the building process of FundiciOn de

Sinaloa, from 1891 to 1906, a total of 102 steam engines and 131 boilers of different

designs, dimensions and horsepower capacity were produced in Mazatlán.195

During the years of this evolution, the business structure of the Fundición and its

production system of steam engines and boilers were conceived as part of the course of

many negotiations between the business partners and other actors such as government

agencies, local industrialists, workers, and the like. Thus, those who advanced the

Fundición sought to establish for it a legal, financial and managerial shape, and a

technical system that, together, would allow the business to become operational and to

survive. On some occasions, it was a question of securing sufficient resources from

partners as, for example, J. Redo establishing a partnership with F. Echeguren and A.

194 Cf. AGNES, secciOn Notarios, 1896.
195 AGN-FIN, box 15, files no. 6 to 12; box 16, files no. 20 to 25, and box 17, provide photographs and
information about engines and boilers.
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Loubet to fulfill his commercial obligations with the federal government. At other times,

it was a matter of securing a mutual understanding of their interests for an appropriate

period. I n both cases, it was a question of coming to suitable arrangements, that is, of

defining the relationship between the FS and outside actors.

Historically, Mazatlán was the locus of progressive technological adaptation that

comprised steam engineering, machining techniques, tool making, metal casting, and

thousands of interactions with machines and workers’ experiences of learning-by-doing.

The origin of these processes dates back to 1862 when F. Loubet established his

foundry in Mazatlán. From simple forging and metal casting, the combined efforts of F.

Loubet, A. Loubet, the Echegurens, the Redos, V. Ferreira, and many more collective

activities of workers, suppliers, machines and the like, transformed local foundries into

hubs of adaptation of mechanical artifacts until reaching a system that allowed machine

construction on a large-scale, and competition in the local market for machinery. This

evolution took place in a relatively short period of time, from 1862 to 1877, and

continued to develop until from the 1880s to the 1900s. The technological system

developed by Loubet, the Echegurens and the Redos was the sum and accumulation of

two foundries, one shipyard and a side company, including several partnerships, many

negotiations of capital, profits and responsibilities, translation of knowledges,

equipments, erecting and expanding facilities, mobilising and training workers, and

creating the local networks to secure resources for the Fundiciôn.

Increasing mechanisation in Sonora and border regions as the result of mining,

textile and agricultural activities created favorable market conditions for a relatively

expanding demand for machinery and steam power. In addition, technical assistance

for erecting equipments, repairs and maintenance, including training of workers and

technical expertise, soon became crucial in order to keep the pace, within a cost

efficiency ratio, with the diverse industrialising processes carried out by American and

national companies that emerged in the early 1870s in the regions of Sonora, Sinaloa,

Durango and Baja California.

Mazatlán also became the hub that was attracting a mass of skilled and semi

skilled workers, machinists, technicians and engineers, foreign and national, who were
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part of the industrial labour force working in diverse companies, utilising different

machines, equipments, tools, and techniques, and performing different activities inside

their settings. This mass of workers played a key role in the technological adaptation

that took place as a collective process of translations of knowledges, empirical and

theoretical, of different engineering cultures across settings and companies that by

about the 1880s, reached momentum and was capitalised by the Fundición. In other

words, the evolution of the FundiciOn and its processes of technological adaptation took

place within an interconnected context of local and international series of translations

that converged in Mazatlán. This critical aspect, the formation of local networks of

workers as part of the technological systems of the foundry, is a subject matter that

requires further research. Although some archival and secondary sources consulted for

this study document industrial activities of foreign and national companies operating in

the region between the 1870s and the 1900s, the vast majority of such studies do not

focus on or superficially develop how the acquisition of technical skills by local workers

was possible.196 Yet the historical evolution of the FundiciOn de Sinaloa provides some

196 Among the most representative studies see: Gustavo Aguilar Aguilar, Sinaloa, Ia industria del azücar:
los casos de La Primavera y Eldorado, 1890-1910 (Culiacán, Mexico: Dirección de lnvestigaciOn y
Fomento de Ia Cultura Regional, 19930; Victor Hugo Aguilar Gaxiola, Las familias poderosas del Cabildo
de Culiacán. 1872-1910 (Mexico: Universidad AutOnoma de Sinaloa, 2004); Felix Brito Rodriguez, La
politica en Sinaloa durante el Porfiriato (Mexico: Dirección de InvestigaciOn y Fomento de Cultura
Regional, 1998); Hubert Carton Grammont, Los empresarios agricolas y el estado: Sinaloa, 1893-1984
(Mexico: Universidad Nacional Autónoma de Mexico, 1990); Arturo Carrillo Rojas, Los caballos de vapor.
El imperio de las mápuinas durante el Cañedismo (Mexico: Colegio de Bachilleres del Estado de Sinaloa:
1998); Mario Cerutti, Empresariado y empresas en el Norte de Mexico: Monterrey: de una economia de
frontera a las alianzas estratépicas (1850-2000) (Chile: Universidad de los Andes, Facultad de
AdministraciOn, 2002); Camilo Contreras Delgado and Moisés Gámez (Coord.), Procesos y Espacios
Mineros. Fundición y Mineria en el Centro y Noroeste de Mexico Durante el Porfiriato (Mexico: El Colegio
de Ia Frontera Norte / Plaza y Valdés, S.A. de C.V.:2004); Aurora GOmez-Galvarriato (Coord.), La
industria textil en Mexico (Mexico, D.F.: Instituto Mora/Colegio de Michoacán/Colegio de Mexico! Instituto
de Investigaciones Históricas-UNAM, 1999); Inés Herrera Canales (Coord.), La Mineria Mexicana. De Ia
Colonia al Siglo X)( (Mexico, Instituto Mora/ El Colegio de Michoacán / El Colegio de Mexico / Instituto de
Investigaciones HistOricas-UNAM, 1998); Barbara Hibino, “Cerveceria Cuauhtémoc: A Case Study of
Technological and Industrial Development in Mexico”, Mexican Studies / Estudios Mexicanos 8:1, 1992:
23-43; Carlos Marichal and Mario Cerutti (Eds.), Historia de las cirandes empresas en Mexico, 1850-1 930
(Mexico: Universidad AutOnoma de Nuevo Leon, 1997); Alonso Martinez Barreda, “Redo y CompañIa:
Una familia empresarial en Sinaloa”, in La industria azucarera en Sinaloa. Pdf. Ebook: http:IIwwwpdf
searchengine.comñndustria-azucarera-de-sinaloapdfhtml; Juan Manuel Romero Gil, La mineria en el
noroeste de Mexico (Mexico: Plaza y Valdez, 2001) Alejandro Tortolero Villaseñor, De Ia Coa a Ia
Máciuina de Vapor. Actividad Agricola e Innovación TecnolOcjica en las Haciendas Mexicanas: 1880-1914
(Mexico: Siglo XXI Editores S.A. de C.V. / El Colegio Mexiquense: 1995).
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clues into the labour conditions that might have been developed over the years in the

state of Sinaloa, and in Mazatlán.

Maritime commence and communications facilitated the arrival of machinery

imports, technical experts and capitals to invest in Sinaloa. By 1891, mining was the

leading sector and required equipment and steam power. It was followed by

manufacturing goods, transport and agriculture. 197 The FundiciOn successfully

positioned its products in the four sectors of industrial activities and constructed

engines, boilers and repaired equipments for many local companies, much of it

imported engines and manufacturing machinery from the United States and Europe. In

the international level, the standardisation of machine design, in particular that of the

Corliss engine facilitated the emergence of the FundiciOn as a machine constructor and

the consolidation of appropriate internal technological systems and networks. It is

important to bear in mind that the Corliss design was free of proprietary rights beginning

the 1870s. This fact coincided with the construction of steam machines in 1877 at the

foundry owned by J. Redo and V. Ferreira. Another factor was the standardisation of

the production of steel by the late 1880s, and the synergies of learning-by-doing that

machines imported from the United States and Europe fostered between local workers

and their industrial settings in the regions of Sonora, Sinaloa, Durango and Baja

California. Over the years, the conditions in both local and international contexts

benefited the evolution of the FundiciOn through series of technological adaptations;

from the basic foundry of F. Loubet, to the complex machine construction achieved by

his son A. Loubet and his business partners the Echegurens and the Redos. What

follows next are a series of brief accounts that characterise the divergent backgrounds

of Loubet, the Echegurens and the Redos to facilitate an understanding of how they

became the moving gears of the Fundición.

197 Cf. Arturo Carrillo Rojas, Los caballos de vapor 106-107; 131-176.
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Station 4.3. Alejandro Loubet y CompañIa

As shown before, Alejandro Loubet Guzmán (1858-1 924) (Photograph 12) was a

key player in the translation and adaptation of steam-technoscience and the

performance of the FundiciOn. He was directly involved in the machine building process

and presumably in the creation of technical networks inside the foundry. Loubet was a

machine designer with formal education in mechanical engineering, and experience in

face-to-face and learning-by-doing interplay with steam machines since 1883.198 In

1885, A. Loubet married Teresa Machado and had a son who eventually did not follow

the business of building machines. A. Loubet acted as production manager of his own

company and during his partnership with the Fundición de Sinaloa from 1883 to 1900.

His double nature, business partner and production manager, situated Loubet in the

role of inside-actor in relationship between workers and employees, and his business

partners, the Echegurens and the Redos. Loubet embodied codified and empirical

knowledge of steam engineering, and managerial skills. Such capabilities made of A.

Loubet suitable for the creation of inside networks of the ES. But, at the same time, he

had his own personal networks and many business partnerships with local firms,

circumstances that enhanced his participation in the building of outside networks for the

EundiciOn as well.

Loubet co-founded many local businesses in Mazatlán and had shares in mining

companies, sometimes investing his capital with the Echegurens and J. Redo. Among

the companies he started and/or had shares, records show: mining CompanIa Minera

de San Buenaventura. S.A. (1884), beer brewery Cervecerla del PacIfico (1900), liquor

distillery CompañIa Destiladora La Victoria (1900), leather goods Gran TenerIa

Moderna de Mazatlán (1901), mining NeqociaciOn Minera de Guadalupe de los Reyes

(1901), shoe manufacturing CompañIa Manufacturera de Clazado de Mazatlán, S.A.

(1901), agriculture CompañIa Industrial y AgrIcola (1901), furniture Constructura de

198 Loubet’s engineering education was discussed in chapter-station I of this study.
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Muebles El Progreso (1904), and tobacco CompanIa Tabaciuera del PacIfico (1905). In

general, by 1904 Loubet’s assets were estimated at $100,000 pesos.199

Loubet participated in the manufacturing of diverse tools for steam machines,

sugar mills, and mining, including the production of forged iron furnishings. In almost all

cases, he provided engineering and technical expertise to local firms and for the

Municipality of Mazatlán. In 1896, his last enterprise as shareholder of Loubet y

CompañIa was the design and construction of forged iron and steel pieces for the

Public Market of the City of Mazatlán —formerly Mercado Romero Rubio but now

Mercado José Maria Pino Suárez [Photographs 13 and 14] — under a municipal

contract in the amount of $100,000 pesos. The money was financed by his partner F.

Echeguren. Between 1897 and 1898, the construction of the market required metal

working made in the Fundición de Sinaloa, such as 143,000 kilograms of black forged

iron, 113, 370 kilograms of forged steel bars, 49, 530 kilograms of metal sheets of mild

steel, and 584 cubic metres of masonry comprise of cement blocks, bricks, mortar, and

stones.20°

In 1900, the mining company CompañIa Exploradora de Minas S.A. was formed

to exploit mines in Sinaloa, Durango, Chihuahua, Sonora, Nayarit and Baja California,

with a capital of $10,000 pesos. Of the ten thousand shares, A. Loubet received 250,

and General and Sinaloa Governor Francisco Cañedo received equal amounts.

Separately, in 1905, Express MarItimo de Mazatlán S.A. —a local steamship company

to provide service between Guaymas and Mazatlán— was formed by local

businessmen with a capital of $12,000 pesos. Of the 120 shares issued, Loubet

acquired five.201 This information reveals his networks with the state government and

199 Cf. Rigoberto Arturo Roman AlarcOn, Comerciantes extranjeros de Mazatlán 1880-1910 (Culiacán,
Mexico: Coleglo de Bachilleres del Estado de Sinaloa, 1998) 57. See also from the same author, El
comercio en Sinaloa, siglo XIX (Culiacán, Mexico: Dirección de Investigacion y Fomento de Cultura
Regional del Gobierno del Estado de Sinaloa-CONACULTA, 1998).

200Cf Arturo Carrillo Rojas, Los caballos de vapor 88.
201 Cf. AGNES, secciOn Notarios, 1900.
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his social status as a technically knowledgeable partner. At the end of his business

enterprises, Loubet was heavily indebted due to his multiple investments but succeeded

in paying his obligations. Loubet’s wife, Teresa Machado, died in 1956. Descendents

and relatives of the Loubet’s are still living in Mazatlán today but none of them became

further involved in foundry or industrial enterprises.
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Station 4.4. Francisco Echeguren, Hermana y Sobrinos

Francisco Echeguren y de Ia Quintana (1834-1911) was the major financial

backer of the Fundición and considered by the people of Mazatlán as the benefactor of

the city.202 He was born in Traslaviña, Biscay, Spain. He immigrated to Mexico in the

1840s, after his brother Pedro, and moved to Mazatlán in the decade of the 1850s.

Records do not provide information on his educational background. In 1876, when his

brother Pedro died, Francisco took control over the family businesses and established

on July 30, 1877, the business association shown on records as F. Echequren,

Hermana y Sobrinos that included an estimated capital of $30,000 pesos.203 F.

Echeguren encouraged the creation of the Mazatlán Chamber of Commerce in which

he was its first president. He also served as Spain’s Consul in Mazatlán for commercial

affairs, a position he used to his advantage to secure the position of business

representative for foreign corporations in Mexico, mainly in marine transportation and

mining equipment from diverse factories in the United States. As a result, his networks

facilitated the import of goods necessary for machine building, such as tools, materials

and other manufacturing machines.

The conglomerate of firms of the Echeguren’s family included manufactured

goods Mercerla La Nueva, textiles Fábrica de Hilados UniOn, gold and silver mining

NeqociaciOn Minera de Guadalupe de los Reyes, and El Rosario y Cosalá, potable

water Compañia Abastecedora de Aqua de Mazatlán, S.A., credit institutions (bank)

Banco Occidental de Mexico, soap manufacturing CompañIa Jabonera Union y

Concordia, agriculture (sugarcane) Las Cabras, and iron foundry and metal working

202 Antonio Lerma Garay, Mazatlán decimonOnico (Mexico: Published by the author, 2006) 30. See
also Leonidas L. Hamilton, Hamilton’s Mexican Handbook (London: Sampson Low, Marston, Searle, and
Rivington, 1884), 113, and Appendix, IV. Hamilton visited Mazatlãn in 1881 and listed the Echegurens,
Joaquin Redo and Vicente Ferreira as prominent businessmen.
203 Cf. Arturo Roman Alarcôn, Comerciantes extranjeros de Mazatlãn 1880-1910 (1998) 24. The amount
of the FEHyS capital varies from source to source. However, there is consensus among some historians
in Sinaloa to estimate the figure at around $30,000 pesos.
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Fundición de Sinaloa.204 Basically, the Echegurens’s capital investments combined

other assets such as real state properties, ranches and landholdings in Mazatlán and

other regions of Sinaloa. These venues combined shares in mining companies owned

by Mexican nationals and Americans. By 1891, the Echegurens employed 17,000

workers in diverse municipalities of Sinaloa.205 In 1901, the business association was

dissolved. Assets —with an estimated value of $1 ,000,000 pesos—206 were distributed

between members of the family separated into two businesses: ConcerciOn Echeciuren

y sus hiias (and daughters), and Francisco Echeciuren y ComrañIa. In general, the

Echegurens’s business expansion was the result of several processes of absorption of

small local businesses that were transformed into subsidiaries. A subsidiary is an entity

that is controlled by a bigger entity called a Company, Corporation, or Limited Liability

Company, and the controlling entity is called its parent (or the parent company). In

legal terms, a lone company cannot be a subsidiary of any organization; only an entity

representing a legal fiction as a separate entity can be a subsidiary. While individuals

have the capacity to act on their own initiative, a business entity can only act through its

directors, officers and employees. As a result, each new business acquisition served to

facilitate financial operations (subsidiaries are separate, distinct legal entities for the

purposes of taxation and regulation) and to enhance market penetration.

Over time, subsidiaries —as a business structure— constituted the basic way of

organizing the Echegurens’s operations in combination with Limited Partnerships. In

addition, they served as moneylenders for different borrowers including the Mazatlán

Municipality and the State Government. The Echegurens’s capital was invested

predominantly in mining companies and other industrial businesses, manufactured

goods, and banking, thus exercising great power over the industrial sectors in Sinaloa.

Regarding the Echeguren’s extended family and intermarriages, Adelaida, daughter of

Concepción Echeguren, married Rodolfo Sedano, who appears on records as

204 Cf. AGNES, sección Notarios, 1890 -1900.
205 Cf. AHMM, El Correo de Ia Tarde, 23 November 1891.
206 Cf. Arturo Roman Alarcón, Comerciantes extranjeros de Mazatlán 1880-1 910 (1998) 66.
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shareholder of Pedro Echequren y CompañIa, constituted in 1904 and 1905. The other

members of the family returned to Spain. After 1929, only Isabel Echeguren y Herrerlas

returned to Mazatlán. The last of the Echegurens’s businesses, a hardware store

FerreterIa Echeguren, closed its doors in 1961,207 ending a long chapter in the local

tradition of family-owned businesses.

207 Cf. Oses Cole lsunza, Diccionario Bioqráfico e Histórico de Mazatlán (Mexico: Cruz Roja Mexicana I
Delegacion en Mazatlán, Sinaloa, 2006) 71. The author used primary sources from the AHMM to produce
his work which included additional local newspapers such as El Occidental, El Pacifico, El DemOcrata
Sinaloense, El Sol del PacIfico, Noroeste and Debate.
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Station 4.5. Joaquin Redo Balmaceda

JoaquIn Redo Balmaceda (1833-1904) shifted the future of the FS when he

legally associated with the Echegurens and Loubet. Redo’s powerful networks with the

Porfirian government served to enhance the scope of the machine building from

regional to national and, eventually, to international levels.

In contrast to F. Echeguren and A. Loubet, of whom there are no personal

descriptions given by any contemporary, Ciro C. Ceballos (1 873-1 938) offered perhaps

the best characterisation of J. Redo. Ceballos was a sarcastic newspaper chronicler

and critic of the Porfirio DIaz regime. He was also known in the lettered world of the

late nineteenth-century Mexico as among the founders of one of the most influential

literary magazines of the time: La Revista Moderna. By 1892, Ceballos described

JoaquIn Redo Balmaceda as a frequent customer of the bar New Orleans, located in

downtown Mexico City. Ceballos’ double-meaning language characterised Redo as the

typical “bon vivant aux fin de siècle”:

Don JoaquIn Redo, Senator and rich man, embodied the type of the ‘Old Guard’
veteran sybarite. He was gourmand [glutton] and gourmet. He ate a lot and quite
well. He had a transparent yellowish diabetic face, with little faded eyes and gaze,
abundant moustache and long beard; both completely hoary. 208

At the time of Ceballos’ mini portrait, when he visited the bar, Redo was fifty-nine

years old and was most likely arriving after Redo’s meetings with the group of seventy

men from the national political elite that called themselves La Union Liberal. The group

was organised by Manuel Romero Rubio, then Secretario de GobernaciOn, to politically

208 Original text in Spanish: “[.. .1 TenIa Ia amarillez transparente de su rostro diabético, con ojillos de
mortecina mirada y poblado bigote y larga piocha, completamente canos. Ese don JoaquIn Redo,
senador y hombre rico, plantificaba el tipo de sibarita veterano de Ia ‘vieja guardia’. Era gourmand y
gourmet. Corn ía ‘muchote’ y bien”. Senator, in Spanish senador, can be understood as in reference of a
person that has dinner everyday or cenador, from cena or dinner, whereas rich, ilco, is an adjective which
has close meaning to wealthy and tasty. Thus, a senator is a rich man who enjoys a tasty dinner
everyday. Ceballos uses a double-meaning language in his description of Redo to make the point that
Redo’s fortune was achieved by linking politics and business transactions not entirely in legal terms, and
also to make the association of Redo with the DIaz regime. Cf. Ciro C. Ceballos, Panorama Mexicano
1890-1910. Memorias, Luz America Viveros Anaya (Ed.) (Mexico: UNAM, 2006) 79.
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support the fourth re-election of Porfirio DIaz as president. Among Romero Rubio’s

intimates there were cited: licenciados Manuel M. Zamacona, Carlos Rivas; generals

Mariano Escobedo and SOstenes Rocha, JoaquIn Redo y Pedro DIez Gutiérrez. 209

Redo was Senator for Sinaloa (1875) and Deputy for Jalisco (1897). Indeed, José

JoaquIn lgnacio Redo y Balmaceda (1833-1904) was as prominent and influential as

the Echegurens and the Loubets. Redo was a close collaborator of Porlirio DIaz21°and

was connected into a network of businessmen and politicians that comprised more than

five Mexican States.

The Redo family has been credited with being the first entrepreneurs in

establishing sugar mills in Sinaloa and undertaking international trade, beginning in

1876, with the mill La Aurora located in Culiacán. Exports reached the United States

and Canada via San Francisco and Vancouver. Redo owned the steamship Alejandro

of fifty-eight tons which served to transport his shipments. At that time, La Aurora sugar

mill had state-of-the-art imported machinery, probably from the United States. The mill

produced 750,000 pounds of sugar and 500 barrels of sugar cane alcohol per year.

The Hacienda had 170 hectares and produced sugarcane, mango and avocado; it

employed 250 workers, mainly Yaquis and Seris indigenous peoples of Sonora. For

irrigation, Redo built an eight-kilometres-long canal to supply water from the Tamazula

River. By 1902, sugar crops extended to 200 hectares.211 The same year, Redo built

another irrigation system for his second largest sugar mill Eldorado, located in Culiacán

as well. The sugar mill represented an investment of $210,000 Mexican pesos which

included imported machinery from Florida, US, with a production capacity of 600 tons

per day. Eldorado comprised agricultural machines, irrigation systems, water pumps,

209 Jacqueline Ann Rice, “The Porfirian Political Elite: Life Patterns of the Delegates to the 1892 Union
Liberal Convention”. Doctoral dissertation, University of California (1979) 19-20.
210 Letter from JoaquIn Redo to José Y Limantour, Mexico, 24 April 1897. Archivo Histórico del Centro de
Estudios de México-Condumex, Fondo CDLIY: 1883-1 899, box 43/57.
211 Cf. Gustavo Aguilar Aguilar, Sinaloa, Ia industria del azücar: los casos de La Primavera y Eldorado.
1890-1910 (Culiacán, Mexico: Dirección de lnvestigacion y Fomento de Ia Cultura Regional, 1993) 28.
See also Juan Manuel Romero Gil, La minerla en el noroeste de Mexico (Mexico: Plaza y Valdez, 2001)
307.
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livestock, distillery installations for mezcal and extended landholdings in many locations

of Culiacán as follows: 6,406 hectares in Peninsula de Quevedo; 8,770 hectares in

Peninsula do Candido; 3,026 hectares for Eldorado lands, 3,825 hectares in El Navito,

830 hectares in San Diego and 1,000 hectares for sugarcane crops.212

Joaquin Redo was born in Durango, unlike to F. Echeguren, who was born in

Spain, but his family roots were Spanish and one of his sisters married a German.

However, by the late-nineteenth century, very much like their Spanish cousins, the

Redos expanded into new areas, frequently through intermarriage, thus making the

connections that made many business partners in the great fortunes and enterprises of

the time. In exchange for bourgeois fortune, the noble bride or groom brought

enhanced social standing, introduced lifestyles, norms, and attitudes, and for some,

capital. Accordingly, Redo married Alejandra de Ia Vega213, daughter of Antonio do Ia

Vega (descendant from Capitán don Baltázar do Ia Vega y Colon de Portugal, a cadet

of the family of the Dukes of Veragua and the Braganza kings of Portugal, who settled

in Culiacán, c. 1777) by his wife (and first cousin) Beatriz de Ia Vega y DIez Martinez.

212 Cf. Consular Reiort, United States of America, Department of State, 296 (1905) 215-216. See also
Alonso MartInez Barreda, “Redo y Compañia: Una familia empresarial en Sinaloa”, in La industria
azucarera en Sinaloa (Pdf. Ebook: http://www.pdf-search-engine.com/industria-azucarera-de-sinaloa
pdf.html) 2.
213 The genealogy of the Redos and de Ia Vegas is dispersed in many sources. See Roderic Ai Camp,
Mexican Political BiociraDhies, 1884-1935 (Austin: University of Texas Press, 1991) 182; Gustavo Aguilar
Aguilar, Sinaloa, Ia industria del azücar: los casos de La Primavera y Eldorado, 1890-1910 (Culiacán,
Mexico: Dirección de lnvestigacion y Fomento de Ia Cultura Regional, 1993) 41; Victor Hugo Aguilar
Gaxiola, Las familias poderosas del Cabildo de Culiacán, 1872-1910 (Mexico: Universidad Autónoma de
Sinaloa, 2004) 141; Marco Antonio Berrelleza Fonseca, Culiacán: Crónica de una ciudad, 1531-1877
(Mexico: Instituto La Crónica de Culiacán, 2007) 149; Hubert Carton Grammont, Los empresarios
acjrIcolas y el estado: Sinaloa, 1893-1984 (Mexico: Universidad Nacional AutOnoma de Mexico, 1990) 52;
Carlos Grande, Sinaloa en Ia historia: De Ia independencia a los preludios de Ia Revoluciôn Mexicana
(Mexico: Universidad Autónoma de Sinaloa, 2000) 255; Antonio Nakayama A., Sinaloa, el drama y sus
actores (Mexico: Instituto Nacional de Antropologia e Historia, Centro Regional del Noroeste, 1975) 145;
Ricardo Ortega y Perez Gallardo, Estudios qenealOqicos (Mexico: Imprenta de E. Dublan, 1902) and
Historia qenealOpica de las familias más antiquas de Mexico (Mexico: Imprenta de A. Carranza y hijos,
1908-191 0); Sergio Ortega Noriega, and Edgardo Lopez Manón, Sinaloa: textos de su historia (Mexico:
Gobierno del Estado de Sinaloa, DirecciOn de lnvestigaciOn y Fomento de Ia Cultura Regional, 1987)
293; DahI Torsten, Linaies en Mexico (Mexico: Casa Editora de Genealogla Ibero Americanas, 1967),
293.
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The family Redo de Ia Vega had five children: Diego, who died an infant, Joaquin

Alejandro, José Julio Alberto Diego, José Alejandro, and Maria Beatriz Francisca.

JoaquIn Alejandro Redo de Ia Vega (1867-1 925) was Deputy for the District of Cosalá

in 1899. Also he was a business partner with his father in Arsenal del Pacifico, J. Redo

y Compañia. José Julio Alberto Diego Redo de Ia Vega (1880-1 963) was Governor of

the State of Sinaloa from 1909 to 1911. His Brother José Alejandro Redo y de Ia Vega

(1873-?) was also Governor of the State of Sinaloa from 1925 to 1928. Maria Beatriz

Francisca Redo de Ia Vega (1868-?) married, in 1891, Juan ZaldIvar y Flóres (1863-

1908) who was Deputy in the Mexican Union Congress. In 1916, José Julio Alberto

Diego Redo de Ia Vega married Maria Teresa Vidal Soler y Costa of Santa Maria de

Liguori, relative of Count Giovanni Costa, and had five children:

1. Joaquin Redo y Vidal Soler, who married Marita Martinez del Rio y Hernández de
Henestrosa, member of the family of the Marques de Camaraza. Relatives were the
first cousin of the Duchess of Medinacelli, of the Duchess of Lerma, and of the
Marquesa of Santa Cruz.

2. Maria Teresa Redo y Vidal Soler, who married Juan Sánchez-Navarro y Peon who
descended from Carlos Sánchez-Navarro y Berain, Grand Chamberlain of the
Emperor Maximilian, and died in 2004.

3. Beatriz Redo y Vidal Soler, who married Luis de Yturbe y Limantour, whose
grandfather, José Yves Limantour, was Ministry of Hacienda during the government
of Porfirio DIaz. The Limantour’s were related to the Beistegui family in Mexico City,
whose members were active in the Mexican Foreign Service during the 1890s.

4. Diego Redo y Vidal Soler, who married Norma Hoeffer Fierio y Merry Del Val
related to the family of Rafael Cardinal Merry Del Val of Spain, and died ml 998.

5. Alejandro Redo y Vidal Soler of Eldorado, Sinaloa, who married Norma Rodriguez-
Familiar y Benson, daughter of the Governor of the State of Querétaro from 1933—
1940.

These successive intermarriages consolidated the Redo’s networks in

combination with J. Redo’s own merits. He was politically connected with José Yves

Limantour (1854-1935), Secretario de Hacienda from 1893 to 1910, through his

extended family; to Francisco Cañedo, Governor of the State of Sinaloa (from 1876 to

1909) by financially supporting his election; and to Porfirio DIaz when Redo was

Senator for Sinaloa. Eventually, the Redo’s businesses expanded when his wife

Alejandra inherited a large amount of capital from her father. After this event happened,
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several changes on the legal constitution of the family businesses took place, in order to

enable JoaquIn Redo to take over the family assets. For example, the business

partnership Vega Hermanos (Redo’s wife Alejandra and her brothers) established by

the 1850s, changed to De Ia Vega y Redo (Redo’s wife and himself), and, in 1902, it

changed to Redo y Compania, S.A. (Redo only).

In 1904, Diego, JoaquIn and Alejandro Redo de Ia Vega participated in the

partnership. By 1850, the industrial businesses included the textile factory El Coloso.

This textile factory had 2,064 spindle machines, and ninety-six loom machines,

employing 220 workers. The already mentioned sugar mills La Aurora and Eldorado

including many landholdings such as haciendas and cattle ranches in Culiacán are part

of the assets still owned by the family today.

After the Mexican Revolution, the Redo’s expansion in landholdings was limited

by different governments, especially during the 1930s and 1940s. Particularly in the

1970s, the Redo’s contracted federal subventions to keep their sugar mills working

through Nacional Financiera, S.A., the government agency regulating the national sugar

market. However, the Redos defaulted payments and the government legally

expropriated 31,000 shares in properties from Hacienda de Redo y CIa. Ironically, the

bitter setback was fully compensated when the Mexican government, in a reversal of

positions, put up for sale many of the expropriated properties. Thus, during the 1 990s,

the Redo’s constituted Joaguin Redo y Socios, a new business partnership to purchase

four sugar mills: Benito Juárez S. A., La Chontalpa S. A., Hermenegildo Galeana S. A.,

and José Maria Morelos S. A. This business transaction closed a contested chapter in

Mexico’s industrial history, when the Porlirian Redos emerged as sugar barons and,

then, more than hundred years later, the third generation of Redos recuperated their

status and fortune.
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Station 4.6. Workers & Employees

Up to now, no traces of the labour power working during the machine building

carried out over the years at the Fundición have been found. No records of employees

and metal workers were found in the archives of AGN, AMHM, and AMHC, including

notary public documents, newspapers, secondary sources published during the late

nineteenth century and contemporary sources. Even the regional study of steam power

in Sinaloa does not document labor and workers’ issues.214 This lack of evidence has

been a major limitation to substantiate this aspect in this study. Also I acknowledge the

fact that the topic will require further archival research.

Nevertheless, in Chapters-Stations I and 2, it was provided a general description

of the metal casting and machine building activities that required the intervention of

workers with multiple skills and knowledges at the shop-floor level of the foundry was

provided. At the same time, possible paths of training have been explained, in

particular, those pertaining to learning-by-doing, interplay with machines, and different

levels of translations between workers and machines. In addition, based on individual

skills and experience in machine building, many of the following categories of skilled

workers could participate in the multifarious manufacturing process such as: iron and

steel workers, machinists, moulders, smiths, fitters, turners, carpenters, mechanics,

foremen, apprentices, and administrative employees. Regarding numbers of workers

and their wages, it was stated that there were, more or less, 200 workers in the

Fundición. Based on their training, skilled workers made between $3 to $4 pesos per

day, whereas apprentices made from $1 to $1.50 pesos per day. This information

revealed that machinists working in the foundry were the highest paid as compared to

other jobs at the time.

214 The study in question is Arturo Carrillo Rojas, Los caballos de vapor. El imperio de las mãguinas
durante el Cañedismo (Mexico: Colegio de Bachilleres del Estado de Sinaloa: 1998).
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Workers and employees could be transferred between the many firms owned by

the Echegurens, the Redos and the Loubets, and many more may have come from

other regional firms, such as textile factories, sugar and flour mills, tobacco and mining,

the former foreign and national companies established in Sinaloa since the I 870s. For

the manufacturing and administrative operation of the Fundición, Loubet might have

organised labour divisions according to the skills and experience of workers in machine

building. Finally, wages were based on the workers’s skills and apprenticeships for

semiskilled workers.

In general, integrating the interests of the business partners and their personal

networks, including their extended families and contacts into the local network for the

Fundición was a difficult process that eventually proved to be unsuccessful. Also the

integration of working teams, the designing of machines and the technical and

administrative control of the Fundición by means of the creation of a local network went

ahead. Accordingly, how production work should be allocated was resolved, perhaps

not without difficulties, and engines and boilers were designed in the workshops. A

local network of technical components and hundreds of workers was set and the

production line determined. However, negotiations with the outside were as complex as

those among the inside of the foundry. As a result, there were continuing complications

in the interaction between the local and national networks that had brought the FS into

existence. In particular, the advent of the government contract of 1888 that Redo

introduced with him into his business partnership with the Echegurens and Loubet

changed the traditional concerns of economy and simplicity that had characterised their

machine building business. From 1891 on, the FundiciOn was no longer in the regional

market only and the levels of its operations become a financial burden. In light of this

change in production scale, from local to national, the business partners had to

negotiate among themselves new ways to face the prospect of volume production and

an assured market for machines.
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Station 4.7. Negotiations between the Echegurens, the Redos and Loubet

The FundiciOn was an independent industrial business operating under local

conditions of demand and supply for steam machines. The market in the state of

Sinaloa was integrated predominantly by foreign and national firms in mining,

manufacturing goods, agriculture and transport. By 1891, there were 10,430

horsepower units of steam power capacity produced by diverse machineries. Around

seventy mining companies were established in ten regions or districts of Sinaloa

absorbing 5,250 horsepower units of steam power. The rest of horsepower units was

divided as follows: seventeen companies in manufacturing goods (2,755 horsepower

units), fourteen in agriculture comprised of sugar mills and cotton plantations (825

horsepower units), and five companies in transport (trains 400 horsepower units, and

steamships 1,200 horsepower units).215

This context justified the several capital investments that the business partners

made over the years to foster the productive operations of the foundry. For that reason,

the approach used to develop the manufacturing process of the FundiciOn implied

centralised control. It suggests that the business partners, in conjunction with technical

teams would shape and mobilise the local network and that together, they had control

over all transactions between the local and national networks. Therefore, Loubet,

Echeguren and Redo became the ‘moving gears’ of the Fundición, a sort of obligatory

passage points between the two networks, but for different reasons.

The FundiciOn was consolidated by the interaction of inside and outside

networks. Inside networks put together and mobilised machinists, designs, materials,

tools, equipments, fuels, organisation and a system for metal casting and machine

building. Mobilisation would include training machinists, attracting skilled workers from

other firms in the regions of Sinaloa, buying materials, drawing and designing,

interchanging tacit and codified knowledges, and more. Mechanical engineer Alejandro

215 Cf. Arturo CarriNo Rojas, Los caballos de vapor (1998) 106-107.
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Loubet had the technical expertise and know-how for creating and leading the inside,

local, actor-network to achieve machine building. His work secured and maintained the

systems of metal casting and machine construction.

On the outside level, the FundiciOn had to construct a national actor-network to

guarantee contracts, negotiate imported goods and fiscal cuts (tariff reductions), expand

market participation, and maintain good public relationships as, for example,

strengthening dealings between the FS, the state and federal governments, and among

businessmen in Sinaloa. To some extent, J. Redo, and F. Echeguren were able to

create national and international networks for mobilising other people and the

necessary resources for the activities of machine building carried out by and through

the inside networks of the Fundición. J. Redo had the power and political contacts. At

the national level, as Senator, he had access to the Secretarla de Hacienda, through

José Yves Limantour, and also to other high ranking politicians in the Porfirian cabinet,

including state governors, congressmen, and national and foreign businessmen. His

personal contacts facilitated the negotiation of tax cuts, business contracts, and

strategic deals for the incorporation of the FundiciOn into other networks operating in

Mexico and worldwide. Redo’s level of involvement allowed the market expansion of

the foundry and maintained the national network. In addition, F. Echeguren had also the

necessary funds and personal contacts in Mazatlán to promote the prestige of the

foundry and to secure tax benefits and concessions. Echeguren had international

contacts with Europe, as Consul of Commercial Affairs of the Spanish Government, and

with the United States, as President of the Mazatlán Chamber of Commerce. The

conjunction of efforts of Loubet, Redo, and Echeguren facilitated the developing of

inside-local and outside-national and international networks by which the Fundición and

the machine building were sustained. Loubet, Redo, and Echeguren successfully

defined and controlled obligatory passage points and became indispensable and grew

in strength. Their ability to enrol and persuade other valuable people for the foundry led

them to create several interactions between them, and allowed the FundiciOn to stay in

business and maintain momentum.

Loubet was appointed manager of the FS and was responsible in principle for

controlling the entire machine building process. In practice, however, the Echegurens
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did not vest all responsibility for control in Loubet. Their business partnership

deteriorated in 1896 for unknown reasons, and eventually Loubet was replaced. In

short, Loubet failed to maintain his obligatory passage point. Rather, production was

controlled by the capacity of the business partners to position themselves as good

businessmen in the Porfirian society, and second, in their ability to secure contracts and

orders from other local businessmen. Personal lobbying with the State Governor of

Sinaloa was also fundamental to obtain tax cuts and duty exemptions in imported goods

relative to machine building. This practice was fully advanced by Redo who gained the

favour of Governor Canedo when Redo owned FundiciOn de Mazatlán.216 Compared

with Redo, the Echegurens also exercised their political power while lobbying for tax

cuts for their several businesses. Their common strategy was to lend money to the City

Major of Mazatlán in order to carry out social contracts for public services.217

But the sum of all these networking efforts paid off when fiscal benefits were

extended to the FS in 1891 through J. Redo, when he, the Echegurens and Loubet

established between them a business partnership. Before 1890, the FS had no direct

experience in dealing with a government contract. This fact implied a change in the

attitudes and strategies of the business partners in order to develop a lasting

relationship between them while facing unprecedented problems of coordination and

control, problems made even more difficult by the nature of the Secretarla de Fomento.

However, in the short term, the business partners obtained fiscal benefits which have a

216 Cf. Mexican newspaper El Sicilo XIX (Mexico City, 5 November 1891) 2. This note shows the close
relationship between F. Canedo and J. Redo. It described that general Francisco Cañedo, Governor of
the State of Sinaloa, and Senator Joaquin Redo, participated in the official installation of the monuments
of generals lgnacio Pesqueira and Jesus Garcia Gonzalez on the Paseo de Ia Reforma avenue.
President Diaz and members of his cabinet presided over the ceremony. For analysis on the close
connection between Cañedo and Redo, see Felix Brito Rodriguez, La politica en Sinaloa durante el
Porfiriato (Mexico: Dirección de lnvestigaciOn y Fomento de Cultura Regional, 1998); Porfirio DIaz,
Archivo del General Porfirio Diaz. Memorias y documentos. Prologo y notas de Alberto Maria Carreño
(Mexico, Elede, 1950) 194; François Xavier-Guerra, Le Mexipue de l’Ancien Régime a Ia Revolution, 2
vols. (Paris: L’Harmattan Publications de Ia Sorbonne, 1985) vol. 1:147, and Azalia Lopez Gonzalez,
Rumbo a Ia democracia, 1909: Ia elección a gobernador de Sinaloa (Mexico: Facultad de Historia,
Universidad Autónoma de Sinaloa, 2003) 33-34.
217 Cf. Carlos Grande, Sinaloa en Ia historia: De Ia independencia a los preludios de Ia Revolución
Mexicana (Mexico: Universidad AutOnoma de Sinaloa, 2000) 438.
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positive role in their machine building business. In the long run, their new relationship

with Fomento, the government entity promoting Mexico’s industrial development could

have extended special fiscal treatment to the FundiciOn under the policy provisions of

IndustrIas nuevas (new industries). Yet future negotiations may have had to be carried

out by the business partners to secure these important concessions that, at the end,

proved to be disappointing.

As shown, the sum of local and national actor-networks created by Loubet, Redo

and by Echeguren, involved so many people and resources in order to make the

machine building activities carried out in the FundiciOn feasible. These men achieved

their performance as the basis of the relations developed among them and by and

through them, and also as a result of the places where they were located. They had

political connections, owned several companies and employed hundreds of workers.

They had local, national and international contacts favorable for their businesses

including the Fundición. They possessed sufficient capital and were involved in the

construction and acquisition of machinery. But each of these men developed different

strengths. For example, based on his financial performance, Loubet seemed to be fully

involved in the inside of his multiple businesses and less on the outside. At the end of

his career, he was heavily indebted. In general, their level of relations and interactions

was relatively stable and the actor-networks they created for the system of the ES were

durable. But Loubet, Redo and Echeguren performed in a number of different ways.

This means that the business of machine building and the FundiciOn meant different

things for Loubet, Redo and Echeguren, as it meant different things for the

businessmen of Sinaloa, and for other actor-networks that were persuaded to

participate in the FundiciOn, particularly, the Secretaria de Fomento.
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Station 4.8. Negotiations between the Fundición de Sinaloa and the

Mexican Government

While the creation of local and national actor-networks for the system of the

FundiciOn went ahead, there were regular difficulties in the interaction between the

foundry and the Secretarla de Fomento represented by its offices and bureaucrats. The

relationship established between the two entities reflects the attributes that historically

characterised the structure and dynamics of the Porfirian networks such as political

centralisation mixing bureaucratic administration, corporatism, patronage relationships,

various forms of sociability (as defined by membership or participation in private and/or

official institutions), and even local Caudillismo (usually a political-military chief or leader

holding authoritarian power) were common features.218 Yet, as part of the Porfirian

network, Fomento was invested with important powers relative to industrial

development. Similarly, the Fundición can be characterised as an oligarchic, family-

owned business, locally anchored in Mazatlán through political networks, and relying

upon other local family-owned and foreign-owned companies as well. However, the

FundiciOn and Fomento shared in common the socio-political dynamics exercised by

and through patronage relationships. The Echegurens and the Redos were linked to

the Caudillismo exerted by General Francisco Cañedo who was Governor of the State

of Sinaloa from 1877 to 1909. For its part, the Porfirian network was reliant upon

Cañedo to control that region of Mexico. Considering this socio-political dynamic, the

difficulties inherent in this relationship were compounded by the political and economic

interests of Porfirio DIaz himself and his cabinet members. Thus, market expansion for

the FundiciOn through negotiations with Fomento proved to be a complex task.

218 am characterising the Porfiriato as a political network based upon the analysis developed by Daniel
Cossio Villegas (Ed.), Historia moderna de Mexico. El Porfiriato. La vida económica, 2 vols. (Mexico:
Hermes, 1985) and François Xavier-Guerra, Le Mexigue de l’Ancien Régime a Ia Revolution, 2 vols.
(Paris: L’Harmattan Publications de Ia Sorbonne, 1985). On the historiography concerning caudillos and
caciques in Mexico as well as what historians have meant by this term and how understandings of the
concept changed over time, see Benjamin T. Smith, Pistoleros and PoDular Movements: The Politics of
State Formation in Postrevolutionary Oaxaca (Lincoln: University of Nebraska Press, 2009).
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On the one hand, Redo and Echeguren lobbied for fiscal benefits that were

necessary for maintaining in a competitive manner the costs of machine construction.

The administration of those fiscal benefits was controlled by Fomento. When Redo

became a business partner with the Echegurens and Loubet, in 1891, he transferred

the tariff reductions on imported goods originally negotiated with SecretarIa de Guerra v
Marina, as stipulated on the Contract of I 888.219 Under this contract, J. Redo agreed to

repair and build steam engines and boilers for Mexican navy vessels. But the

formalization of the contract was subject to conditions, among them, the acquisition of

machinery that was the property of the Mexican government. J. Redo agreed to buy the

machinery and to construct a shipyard in Mazatlán, which was finally built in Guaymas,

no later than a year after the signing of the contract. In return, the government offer

was to waive payments on duties for importing goods into Mexico relative to the

manufacturing of steam engines, boilers, maintenance and repair of vessels for a period

of fifty years.22° To make this fiscal exemption effective the intervention of other

governmental agencies, including Secretarla de Hacienda y Crédito PUblico or Ministry

of Finance and SecretarIa de Fomento was necessary; the latter took over the

administration of the contract.

In particular, the fiscal exemption conferred to J. Redo was regulated as follows:

Imported goods should not exceed the annual amount of $20,000 pesos. Labour fees

for repairing of sailing vessels under one ton were set at $25 pesos and for steam

vessels of thirty tons built in Redo’s shipyard, $50 pesos. Finally, primas or royalties

were allocated by the calculation of horsepower units generated by engines and boilers

manufactured by Redo, and payable at $40 pesos.221 The assessment and monitoring

of payable royalties or primas proved to be a source of disagreements, at the beginning,

between Redo and Fomento, and later, between the FundiciOn and Fomento.

219 Cf. AGN-FIN, box 14, file no. 5, Contrato (1889) 1-24.
220 Cf. AGN-FIN, box 14, file no. 5, Contrato (1889) 10. This provision appears as Article Ill.
221 Cf. AGN-FIN, box 14, file no. 5, Contrato (1889) 12-13. This provision appears as Article IX, numerals
Ito Ill.
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Differences in the reported amounts of horsepower units and the calculation of payable

royalties raised the overtone of conflict in the interactions between entities and

individuals. Furthermore, in 1906, the Mexican Government, through Fomento,

modified the original terms of the Contract of 1881, reducing the conditions as follows:

The term of fifty years for waiving duties on imported goods was reduced to eighteen

years. The payment of royalties was reduced from $40 to $30 pesos per horsepower

units produced. And the annual amount for exemption of duties on imported goods

changed from $20,000 pesos to $8,000 pesos.222

On the other hand, the Secretarla de Fomento was reluctant to bring full benefits

to the FundiciOn under the scheme of industrial promotion, benefits that would have

included not only tax cuts and tariff exceptions on imported goods, but full protection

against the market competition of foreign machine builders of steam engines and

boilers being introduced into Mexico. In principle, Fomento, although possessing the

power, was not in a position to contravene the general fiscal frame outlined to attract

foreign investors along with machinery and tools. In specific, foreign investors had the

fiscal privilege of been exempted from paying import duties. In practice, this meant that

international machine builders, predominantly from the United States, were able legally

to monopolise the Mexican market for steam engines. Most likely Fomento officials had

to make the decision to balance things out. As a result, they decided to keep the

general fiscal policy without making any exemptions, under the assumption that the

Fundición, being at the time the only Mexican machine builder, would not be able to

satisfy national supply. However, this decision, logical in principle, was not entirely

based upon legal and market considerations as the case of the Fundición reveals.

Other legal and ideological differences prevented Fomento from applying fiscal

provisions. But perhaps the main reason for Fomento to impose fiscal limits on the

Fundición was because, in general, Porfirian authorities based their plans for Mexico’s

222 Cf. Letter from Joaquin Redo addressed to Secretario de Estado y del DesDacho de Fomento, AGN
FIN, box 15, 26 March 1903, 13 pages.
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mechanisation upon buying foreign machines, and certainly less upon buying machines

from the Mazatlán machine builder.223 The interests of powerful American investors

and their expanding companies in Mexico exercised control over the business of

machine construction. This favourable Porfirian receptivity to American capital and

companies gradually had the effect of displacing European investors and machine

constructors as well. However, in principle, the legal relationship between the

FundiciOn and Fomento was oversimplified. Thus, Fomento was committed to pay

royalties and serve as the government’s actor in dealing with the Fundición. The official

approach was to secure the delivery of machines by monitoring the calculation of

effective horsepower produced per machine, and by controlling the technical aspects as

designated by the technical experts appointed for this task. In short, centralised control

was exercised through bureaucratic administrative processes that included technical

certificates made by engineer Natividad Gonzalez, elaboration of engineering drawings

by engineer Alejandro Loubet, and photographs of machines, among a welter of paper

work and internal memoranda. In this manner, the nature of the negotiations between

Fomento and the FundiciOn was reduced to commercial agreements only and without

consideration of the national repercussions of machine construction carried out by the

FundiciOn, both in Sinaloa and in other regions of the country. That the foundry might

serve as another machine builder competing in the market was never fully

acknowledged by Fomento.

In theory, a single entity, Fomento, could mobilise its own network and have

control over all transactions between the local and national networks of the Fund iciOn.

Fomento had the power to become an obligatory passage point between the Fundición

and the Mexican government. But, as previously mentioned, the FundiciOn did not

begin its activities under the wing of Fomento or any other government contract. The

relation between the ES and the government was extemporaneous, and aggregate.

Better yet, for the Fundición, the government was another client to be supplied but

223 The repercussions of fomento policy for national businessmen and the mechanisation of the country
are examined on Chapter-Station 5.
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under special circumstances this client could shape the interaction of the foundry’s local

and national networks. This possible shaping included the reduction or termination of

fiscal benefits which were crucial in the production costs of machine construction. At

this point, the ES had previously managed to secure regional tax cuts by negotiations

with Francisco Cañedo, the State Governor of Sinaloa, and the City Mayor of Mazatlán.

Later, using Redo’s personal networks with the Federal Government, the FundiciOn

secured additional fiscal benefits as described before when the business partners

established a new partnership with Redo. To a certain extent, from 1891 to 1906,

Fomento procured fiscal benefits which helped for the industrial expansion of the

foundry. The interactions between Fomento and the FundiciOn were not dependant

upon the idea of developing Mexico’s autonomy in machine construction, nor were they

designed to foster the national production of steam machines as a substitute for imports

of foreign-made machines. According to general Porfirian policy, the relation between

the two entities was entirely based on commercial agreements designed to foster

economic progress, both regional and national. Consequently, the scope of fomento

policies made it impossible for the FundiciOn to be recognized as anything other than

just another client. That the EundiciOn may have had the potential to be a strategic

producer of hardware, especially steam engines, on a nation scale was not considered.

In practice, the ES controlled its local and national networks and had autonomy

in dealing with Fomento. However, a combination of factors contributed to the demise

of the FundiciOn in about 1908. Beginning in 1906, fiscal benefits were terminated;

foreign steam machines were strongly competing in the national market; the

displacement of steam power by electricity and internal combustion engines was

expanding; the financial crisis of 1908 which hit Mexican economy reached its peak;

and the social turmoil that was arisen in Mexico made market conditions more unstable.

Taken together, within a period of around ten years, all these factors caused local

market conditions of supply and demand of machinery to dry up and made production

costs for machine construction no longer affordable. The failure of the ES to impose

itself as an obligatory passage point was, in principle, due to the lack of persuasion on

the part of the Redos and the Echegurens to convince Fomento to pass a policy

whereby national machine builders could have full protection against international

competition, or to influence fomento policy in a way that allowed more and continuous
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fiscal benefits for the foundry. The FundiciOn certainly challenged fomento polices at

the time, and exerted pressure to negotiate fiscal and industrial protection from Porlirian

authorities. However, in the end, this failure in the power negations between the

Fundición and Fomento had a number of consequences.

Firstly, Fomento, a key actor in the national network of the FundiciOn, was able to

make decisions that affected the structure of the foundry’s local network. Although the

majority of contracts were negotiated between the FundiciOn and regional firms, the

contract for steam engines and boilers directly awarded by the government provided the

most significant fiscal benefits along with revenue or primas for a period of sixteen

years. During this time, Redo and Echeguren were not able to convince the

government about the technological relevance of their machine building firm. None of

the business partners, with only Loubet the exception, had a clear understanding of the

technical capability that was embedded in the system of the Fundición.

Secondly, Redo tended to make decisions without consulting the Echegurens

and Loubet. The problem was that Redo negotiated his own interests first and later

those relative to the FundiciOn. According to the partnership agreement between Redo,

the Echegurens and Loubet, fifty percent of profits or primas obtained by the production

of steam machines were disbursed into the assets of the ES.224 Also the foundry had a

twenty-five percent reduction in imported goods relative to the machine building,

including the exemption of the ton-cargo tariff applicable to each shipment introducing

the goods. From 1891 to 1896, the period when Redo was a business partner of the

FundiciOn, documents from Fomento mentioned only J. Redo as the legal collector of

primas. Neither Loubet, the Echegurens nor any other representative from the ES

appeared on record. Although documents from 1896 to 1906 are missing or

incomplete, it seems that it was not until 1907 when the ES, for the first time, directly

notified Eomento of its decision to appoint André Lefebvre as its legal representative

224 Cf. AGNES, sección Notarios, 1891.
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with special powers to conduct business transactions with the government. 225 My point

is that Redo not only passed on to the ES benefits but also some difficulties of his own

making. According to Fomento representatives, Redo did not comply with the Contract

of 1888.226 He did not establish in the first year a legal firm for producing steam

engines and boilers. Also J. Redo did not build the shipyard in Mazatlán but in

Guaymas. Finally, Redo asked that the concessions originally agreed for Mazatlán be

extended to Guaymas, very likely because, at the time, Redo owned steamships. Any of

these irregularities could have been cause for termination, however, the government

decided otherwise. As mentioned before, Guerra y Marina and later Fomento modified

the original concessions and acquired the shipyard in Guaymas. In retrospect, these

anomalies were shadowing the negotiations between Fomento and the FundiciOn,

perhaps to the point of making it more difficult for Eomento to keep the flow of fiscal

benefits.

Thirdly, on a number of occasions, Hacienda, represented by Minister José Yves

Limantour, of Hacienda, used his position to save the project from termination. The

personal relationship between Limantour and Redo tried to recover, on the one hand,

the original concessions originally conferred in the Contract of 1888. However, on the

other hand, the government pushed forward its attempts to reduce by twenty-five

percent the costs of payable primas.227 Redo’s initial delay in beginning production was

in part a function of Eomento reluctance. This fact and the personal intervention of

Limantour on behalf of Redo created additional tensions between government agencies

and consequently affected the interactions between the Fundición’s local and national

networks.

225 Letter from engineer RaüI Bigot, Director of the FundiciOn de Sinaloa, to the Secretarla de Fomento,
informing of the appointment of their new legal representative. AGN-FIN, box 15, file no. 3: 29 July 1907.
226 Memorandum from M.C. Tolsã to the Secretario de Fomento. AGN-FIN, box 15, file no. 1: 17 February
1903.
227 Memorandum from I. Coslo to Secretario de Fomento including a transcript of the letter sent to
Joaquin Redo, communicating the financial balance of royalties or primas as shown in Hacienda books.
AGN-FIN, box 15, file no. 1:2 February 1903.
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Fourthly, the Echeguren and the Redos often made decisions based on the

regional demand for engines. Loubet and his technical team of machinists and metal

workers might have been more concerned with production costs and had the ability to

determine the technical necessity of the tasks they were examining. In contrast,

Loubet’s business partners had the tendency to use their personal networks to secure

contracts and sought to optimize performance in a way that was relatively cost-

insensitive. Before 1891, when steam machine production in the Fundición was too

limited because the regional demand for steam power was only gradually rising, the

Echegurens were not totally convinced of the profitability of machine building. Their

level of commitment was based more on sales as they had little information about costs.

This difference was strengthened when local firms preferred to buy imported engines

instead of buying machines from the FundiciOn. It took time to secure the Mexican

businessmen’s trust and to build the means necessary to guarantee profitability.

Nevertheless, by 1885, regional demand for steam power was high, and it was

encouraged by the state government who offered fiscal cuts to all those companies that

sought for steam engines.228 As a result, the Echegurens increased their confidence

when they decided to expand the iron foundry. Indeed, beginning after 1891,

production in the ES was reinforced when the business partnership with Redo took off.

This fact reassured the business partners’s desire to invest in machine building in the

long run because sales volume was increasing. Erom 1891 to 1906, eighty percent of

the 102 engines and 131 boilers built in the Fundición were purchased by local firms.

Eighteen percent went outside of Sinaloa (Sonora, Baja California, Durango, Mexico

City) and only three engines were sent abroad, although, unfortunately there are no

records to specify where.229

228 Cf. Francisco Cañedo, Memoria general de Ia administraciOn Düblica del estado. presentada a Ia H.
Legislatura del mismo or el gobernador constitucional C. general Francisco Cañedo (Culiacán, Sinaloa:
Imprenta Estereotipica de Tomás RamIrez, 1886).
229 AGN-FIN, box 14, file 5; box 15, files 2 to 4.
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But ultimately not all of the local and national problems concerned costs or

interactions between Fomento and the Fundición. It also proved very difficult to control

the flow of contracts. For example, there were cases when completion of machine

building took more than a year because of previous sale back logs. At other times,

production was inert for more than two months because the business partners failed to

persuade local firms to buy their steam machines. The life-cycle of machine

construction may have been dependant upon so many variables, but above all, it relied

on efforts from the business partners to expand national and international contracts.

Put simply, from the technological point of view, the system for constructing machines

was ready. Input from the outside was required. And from the point of view of the

sociotechnological conditions, mechanisation was expanding in the regions of Sinaloa

and in the entire country. But mechanisation was controlled by American machine

builders.

The interaction between supply and demand was in addition to the knowledge

that the ES had powerful opponents in government. As soon as Eomento modified the

period for fiscal reductions in 1906, productivity in the ES was considerably reduced. In

general, the FundiciOn was shaped within the context of a limited number of national

actor-networks. At the federal level, there were Fomento and its departments, Guerra y

Marina, and Hacienda. At the regional level, the State Governor of Sinaloa, and the

City Mayor of Mazatlán were relevant as well. Also, local firms, which over the years

acquired engines, boilers, crushers, tools and ordered ironworks shaped the life of the

EundiciOn. So far, there were no other actor-networks in Mexico that had learned about

the foundry or had indicated support or opposition. In fact, the position of the

government was more concerned with cancelling Redo’s contract and with it the fiscal

concessions notwithstanding the fact that it would eventually precipitate the collapse of

the ES. In short, by 1900 the Echegurens were the only business partners left in the

EundiciOn, and unfortunately, there are no records to document the technical expertise

of Loubet’s replacement, Raul Bigot, or about how the ES was managing its local actor

network after Loubet and Redo were gone. The fact is that before and after 1906,

current industrial conditions in Mexico shaped the interactions of the Fundición at both

local and national levels. For instance, beginning 1906, economic and social tension

increased in Mexico as a result of the international financial crisis which had its peak
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between 1907 and 1908. The gold standard affected Mexico’s silver standard, and

countries adhering to gold convertibility after 1880 were tightly linked to each other by

the fixed exchange rates of their gold parities and the absence of serious impediments

to the flow of goods and capital. In Mexico, the value of both urban and rural properties

declined. 230 For example, urban property valued at nearly 6 million pesos was worth

only slightly more than 2.7 million pesos in 1908.231

As a result, American, European and Mexican owned mining companies in the

states of Sonora, Sinaloa, Coahuila, and Durango were seriously affected by both the

economic crisis and the social unrest. The FundiciOn was caught in the middle of a

local, national and international crisis. However, evidence of those who wanted to

maintain the business is lost in the archives. But certainly, the closure of the FundiciOn

resulted in unemployment, but also, the opportunity of transforming state-of-the-art

facilities into a place for technological development or into a training school for workers

and engineers was lost. Better yet, the Mexican government may have capitalised on

the efforts made by the FundiciOn to adapt steam technology by taking advantage of the

translation of foreign technoscientific knowledge and machines that Loubet and

hundreds of workers made possible. Eventually, the Fundición could have contributed

to the desired national sufficiency in machine and tool building. However, neither the

Echegurens, the Redos, nor, presumably, Loubet himself, envisioned anything more

than to establish an industrial business that would fulfilled their own differing

expectations. Ultimately, any other national or foreign entrepreneur did not look at the

ES as a business opportunity for themselves. To sum up, the construction of steam

230 According to Charles P. Kindleberger, the 1907 financial crisis had many of the attributes of the
previous economic crisis but in terms of its international scope and its virulence it was probably the worst
of the gold standard era. The trigger is said to have been the Bank of England, which began raising its
discount rate in 1906 from three percent to six percent to counter a gold drain. This action had the effect
of reversing the flow of gold to the U.S. and severely tightening U.S. money market conditions. A stock
market crash occurred in early 1907, and economic activity began to decline. In October, the money
stock declined, banks suspended cash payments, and the economy entered a sharp recession. Finally,
twenty countries were hit by the crises, including Mexico. Cf. Charles Poor Kindleberger, Manias, Panics,
and Crashes: A History of Financial Crises (New York: Basic Books, 1989).
231 Cf. Ciro Cardoso et al, Mexico en el sicilo XIX (1821-1910): historia econômica y de Ia estructura
social (Mexico: Nueva Imagen, 1980) 392-393, 470-474, 476-480.
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engines and boilers was not a prized enterprise in the eyes of government officials. For

the business partners, the Fundición was, simply, another business for profit. For the

workers and employees it was another job. And for local industrialists another

alternative to purchase steam machines for their businesses.

In this chapter-station, I have shown that the performance and shape of the

Fundiciôn depended upon the creation of local and national networks to maintain its

technological system, and on the exchange of intermediaries between these networks

to interact with other businesses and Fomento. From the local network of the FS, at the

beginning, came a range of resources: technical knowledge, designs, facilities, finance,

local political support, skilled workers, and contracts from regional firms. Loubet,

workers and technical teams were able to control the structure and shape of the

Fundición. Later, from the national network of the foundry came more fiscal benefits,

political support, and income in the form of cost reductions and profits. These

resources were made available to the Fundición and generated a negotiation space.

This was a space and a time within which local and national networks were built and

many intermediaries necessary to the manufacture of steam engines and boilers were

generated. Later, these machines received the support from other national networks

as, for example, mining companies in Sinaloa, Sonora, Durango and Baja California

Sur. The interactions between networks of the Fundición created cooperative flows of

work, but, at the same time, tensions. The result was that the management of ES —

Loubet and his business partners— was not always able to impose itself as an

obligatory passage point between the two actor-networks, and the difficulties that I have

described ensued.

The case of the Fundición offers evidence as well about how Porfirian society

interpreted technology, in specific, the way in which steam engines and boilers meant

different things to different social groups. Taken together, the analysis of bureaucratic

documents (Guerra y Marina, Fomento, Hacienda, and other sources from the state

government of Sinaloa), of newspapers ads of the time, and of documents produced by

Joaquin Redo, facilitated the understanding of the sociotechnological arrangements that

facilitated the local technological adaptation of steam engineering in order to construct

steam machines in Mexico during the late nineteenth century.
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Thus, in 1891, steam engine number one for developing sixty-five horsepower

units, not only had an engineering drawing, a design, and a physical shape for the

workers and engineers who built it in the Fundición. At the same time, for engineer

Natividad Gonzalez, the technical inspector appointed by the Mexican government,

engine number one represented the elaboration of technical reports and certificates. In

turn, engine number one was for the clients who purchased the machine in Guatemala

a Mexican machine that was meant to perform mechanical work, day in, day out, in an

industrial business. But for bureaucrats and officials working in the Secretarla de

Fomento, engine number one was rather a contract specification, a number, a drawing

of a machine, and most of the time, an artifact that had yet to be built or, if already built,

it existed as a photograph.

Within the context of the machine production, Guerra v Marina, the original

ministry that requested the formalisation of the Contract of 1888, simply wanted steam

engines and boilers for navy vessels regardless of the fiscal terms consigned. But

Fomento was more concerned with the future fiscal consequences of the contract, in

particular with that of the fifty years import duty exemption, and less interested in the

construction of engines or the FundiciOn. However, in the end, fomento policy

contributed to the production of 102 engines and 131 boilers, all of these machines with

a physical shape, number, designs, engineering drawings, photographs and mechanical

work capability. The combination of collective actions carried out by many actors made

possible the construction of those machines. In the foundry, beginning with Loubet, his

business partners, and hundreds of workers that were involved in machine building.

But also in part, by the function of all of those who were mobilised through the national

network of the FundiciOn, including the State Government of Sinaloa, the City of

Mazatlán, national industries, along with many more entities and negotiations that

helped in the process of creating the networks that supported the technological system

of the FundiciOn.

During the period of machine building, from 1891 to 1907, the steam machines

built by the Fundición had different social implications. Different social groups had

different concerns, practices, and expectations about machines and technology. The

ES as an industrial business represented economic returns for its business partners.
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For the Porfirian machine, in general, and Fomento, in particular, machines constituted

the promotion of mechanisation necessary for industrial growth. For regional and

national businessmen, the FundiciOn was another supplier of affordable steam

machines. For workers in the regions of Sinaloa, Sonora, Durango, and Baja California,

the workshops were sites of learning a well paid trade. For Mexicans, in general,

mechanisation meant more manufacturing goods circulating in the markets, and a

tangible change of material progress for different social classes that could afford to buy

and consume more products. In sum, the technological adaptation of steam

technoscience made by the foundry of Mazatlán shaped in many ways Mexico’s

economic and sociotechnological relationships.

But the FundiciOn as a technological project was a function of three interrelated

factors. The first was the capacity of the business partners to build and maintain local

and national networks that for sixteen years provided resources of various kinds and

ultimate returns or primas. By 1903, Fomento had paid to the Fundición more than

$150,000 pesos for engines, boilers, and repairs, including the purchasing of the

shipyard in Guaymas which alone was $106,000 pesos in 1901 232 Also, both networks

secured a level of autonomy for the FundiciOn in order to consolidate their machine

building system without interference from the outside. Inside the foundry, Loubet and

machine workers had a degree of autonomy in their attempts to build engines and

boilers to generate returns. Together they achieved complete control over and

responsibility for their roles. The second factor, that entailed the interaction of local and

national networks, to a certain extent, was the capacity of the machine building process

to impose itself as an obligatory passage point between the two networks. Mexican

industrialists needed steam power. The government needed steam engines as well for

their own policy purposes. The Fundición, thus, achieved a successful control over

local and national networks and developed the ability to profit from both,

232 Memorandum from M.C. Tolsã addressed to the Secretario de Fomento. AGN-FIN, box 15, file no. 4,
17 February 1903. The last two pages of this document contain a description of the financial balance of
payments made to Joaqumn Redo and the Fundición beginning from 1899 to 1902.
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notwithstanding the heterogeneous nature of the actors in both networks. The business

partners of the Fundición mobilised hundreds of machine workers involved in the

application and adaptation of high-status machine building knowledge and a large

amount of shop-floor knowledge and skills. Also that mobilisation involved machine

tools, imported and locally-produced materials, not to mention a great quantity of

drawings, instructions, and other documents such as brochures advertising products

during participation in world’s fairs or CatalOcio de Ia Fundición de Sinaloa are still

missing in the archives.

In addition, international technological changes that impacted Mexico’s

mechanisation and the Fundición were described as well. The mass production of

better internal combustion engines and the spread of electricity in Mexico, beginning in

1889, began to displace steam technology. Electricity was first introduced in the mining

sector but later was used by the state and many more industries. At the same time,

insufficient transportation means in Sinaloa caused commercial distribution problems for

the ES. But above all, the economic and industrial conditions changed nationally and

internationally affecting the supply and demand for machinery.

Finally, the development of the FS can be characterised as contingent and

iterative. Sometimes, the FundiciOn moved forward in a way totally opposite to the

traditional process of research and development. Loubet and workers did not begin

their learning in machine building from zero empirical knowledge. Neither did they

develop sufficient skills and knowledge through a process of trial-an-error until reaching

the point of integrating a machine building system. In contrast, the necessary

technoscientific knowledge and skills for machine building were translated from Europe

and the United States into the Mexican context of Mazatlán by A. Loubet. He made

possible the technological adaptation and created a local network of skilled machinists,

systems, equipments, materials and more that controlled the machine building process.

However, the erratic progress of the consolidation of the ES that I have detailed was the

result of contingency operating on different levels. One level was the economic

interests of the business partners, a factor which was more important than technological

development. A second was the favourable local political conditions to promote

industrial businesses by giving tax cuts; a third level was the national demand for steam
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power; and ultimately the different understandings that actors involved in the local and

national networks had about steam machines. But the ES operated successfully in

machine building because it created a distinction between inside and outside, between

floor-shop skills in the backstage, and the business partners’s political and commercial

negotiations at the front stage.

The business partners were the ‘moving gears’ who used methods, strategies,

and materials for building such local and national actor-networks that were varied. Over

time, the FundiciOn and actors mobilised by it gave shape to the sociotechnical web of

steam machines in Mexico during the late nineteenth century. At the end, successful

machine construction was possible in the middle of the contingencies of a country

promoting foreign imports of machines, and historically behind in developing machine

building capabilities. The government’s efforts to foster the country’s industrial growth

on the basis of buying machinery and steam engines built outside Mexico had in

practice both positive and negative results. Indeed, the next chapter-station further

explores the consequences of fomento policies for the FundiciOn, for the technical

groups that were emerging in the country, and for the potential technological

development of Mexico at the end of the nineteenth century.
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Chapter-Station 5: Mechanisation in Porfirian Mexico

In Chapter-Station 4 the nature of the relationship between the Fundición and

Fomento was described as contested for a number of reasons. However, in order to

understand how Porlirian fomento policy was structured and applied in different ways,

this chapter-station further investigates the historical context of the institution of

Fomento, the conceptualisation of policies of industrial development (encapsulated in

the term fomento), and the shapes of ideas and plans carried out by different

administrations in order to mechanise Mexico’s industry. Historically, the ministry of

Fomento represents ‘the frame’ on which the train travel of this study moves forward

and back in time and space to explore the development of plans and policies to

mechanise Mexico. Many such plans were based on notions of progress that were

intrinsic to the negotiations between the FundiciOn and Fomento; such notions helped

constitute the mindset not only of Porfirian politicians and institutions but also of much of

Mexican society at large.

The central argument here is that understandings and assumptions concerning

industrial development, from their inception, were attached to ideas of mechanisation

based on a combination of three alternatives. The first of these was that imports of

foreign machines would be subject to study, adaptation and imitation, leading to the

local production of machine tools and machinery including steam engines. The second

was that foreign machines introduced into Mexico would facilitate industrialisation, but,

at the same time, that they should be locally constructed. This option did not include

technical trades and schools. The third insisted that Mexico’s mechanisation would be

based solely on imports of foreign machines. This last option may or may not have

incorporated technical trades and schools. These alternatives also contemplated the

introduction of foreign machines and machinists to train national workers and to facilitate

the adaptation of designs and systems; the combination of funding between private

investors and the Mexican government to financing activities; and, the creation of legal

schemes as, for example, fiscal incentives and administrative procedures to facilitate

plans to foster industrialisation.
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Accordingly, this chapter-station has two purposes. Firstly, it offers a historical

review, from the 1780s to the 1870s, about plans to mechanise Mexico’s industry. Over

the years, initiatives of mechanisation were juxtaposed to understandings of material

progress. In turn, governments politically conceptualised as fomento policy the means

to promote and to protect the mechanisation of industry and to fulfill the goal of material

progress. As a result, the mechanisation of Mexico became a contested issue in the

political agenda of different administrations, shaping the perceptions of politicians,

businessmen, intellectuals, and the country’s emerging urban classes as to what was

understood as progress. By contextualising the historical transformation of fomento

policy, the notions of material progress, and the process of mechanisation, the purpose

is to explain how the Porfiriato created a sociotechnical conflict between fomento,

educational and economic policies that sustained the country’s dependency upon

foreign technoscience and machines.

Secondly, based on the context of fomento policy and its synergy with ideas of

material progress, the chapter-station provides new insights into the social

understandings of machines, science, and technology during the Porfiriato, and how

machines were conceived as fundamental to imagining a new shared culture in Mexico.

The analysis focuses again on the Contract of 1888 celebrated between SecretarIa de

Guerra y Marina and JoaquIn Redo, previously analysed in Chapter-Station 4, to

investigate the historical context under which this contract emerged. Finally, I explain

how the interplay between economic, fiscal, industrial and educational policies created

sociotechnical conflicts that affected the country’s technological development and the

Fundición.
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Station 5.1. Framing Mechanisation

My approach to mechanisation employs a different understanding than the

traditional notion of economic and social industrialisation.233 Mechanisation is part of

technological change and includes the necessary sociotechnological arrangements in

order to create economies based on large-scale systems of production. In other words,

during the Porfiriato, technological change took place within the context of Mexico’s

industrialisation, but, at the same time, technological change shaped industrial sectors.

This means that technological artifacts are not only components of the industrial system

but also actors that shape systems.234 For example, to set up factories or to erect

equipment requires more than capital and technological know-how. Machines designed

to operate in specific regions and conditions would not necessarily perform well in

different settings. Mechanisation also conveys the messy complexity of integrating and

organising artifacts, engineers, financiers, machinists, politicians, fuels, manufactured

goods, and more, irrespective of disciplinary and knowledge boundaries. Furthermore,

circumstances shape the ways in which mechanisation may take place, as in Mexico’s

case. In other words, contrary to the general view sustained in the many economic

studies of the Porfiriato that allege a complete absence of domestic engineering and

233 The arguments developed in this chapter-station draw from the analysis and interpretation of primary
and secondary sources. For the most part, primary sources belong to the Archivo General de Ia NaciOn,
Fomento, Industrias Nuevas, Exposiciones, Real de Minas (AGN, FIN, FE, RM), Centro de Estudios
HistOricos de Mexico CARSO ([CEHM] known before as CONDUMEX) José Yves Limantour Marquet
papers, and The Nettie Lee Benson Latin American Collection, The University of Texas at Austin, Lucas
Alamán Papers, and Vicente Riva Palaclo papers. Secondary sources include recent historiography
relative to the Porfiriato and combine some nineteenth-century printed publications.
234 I am drawing my own conceptualisation of mechanisation based on ANT and TS combined. A book
that informed my understanding is E. Bijker Wiebe, Thomas P. Hughes, and Trevor J. Pinch, The Social
Construction of Technological Systems: New Directions in the Sociology and History of Technology
(Cambridge, Massachusetts: MIT Press, 1987). The discussion of industrialisation during the Porfiriato is
not my focus. However, in the following pages some areas of intersection between mechanisation and
industrialisation are further explored.
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technical capabilities,235 and that deem mechanisation as an event rather than a

discontinuous process, foreign machines and technical processes did not land into a

Mexican technoscientific vacuum.

In contrast, Mexico’s mechanisation, the incorporation of steam powered

machines for industrial manufacturing, can be historically characterised as a fragmented

process that took place in different times and in diverse economically productive sectors

and geographical regions of the country. Ideas and plans both to introduce and

construct machines date back to the Bourbon Reforms during the 1750s, when further

impetus was given to mining. By 1821, plans to mechanise Mexico continued to be

developed, as they did during the Reforma period in the 1850s and the Porfiriato (1876-

1911 ).236 The process of mechanising Mexico’s industry was neither linear nor smooth,

but, on the contrary, discontinuous and subject to an entire complex of contesting claims

pulling in a multitude of directions. For the most part, mechanisation advanced by small

increments rather than by leaps, and forward movements were often followed by retreat,

235 See, among other important accounts of economic development and industrialisation, Beatty,
Institutions and Investments, 2001; Mario Cerruti, Burpuesla v capitalismo en Monterrey 1850-1910,
2006; John Coastworth, Los orIaenes del atraso, 1990; Stephen Haber, Industry and Underdevelogment,
1989; Paolo Riguzzi, “Los caminos del atraso: TecnologIa, instituciones e inversion en los ferrocarriles
mexicanos, 1850-1900”, Eds. Sandra Kuntz Ficker, and Paolo Riguzzi, Ferrocarriles y vida económica en
Mexico, 1850-1950: Del surgimiento tardlo al decaimiento rxecoz (Mexico: El Colegio Mexiquense, 1996)
40-66. Riguzzi is clear in pointing out the scant recognition that historians had given to the process of
adapting railroad technoscience by Mexican workers, an effort that is often reduced to preliminary
construction work such as the laying of rails between two points.
236 For examples about plans to introduce or locally produce machines during different historical periods,
see Ramón Sanchez Flores, Historia de Ia TecnolociIa y Ia lnvenciOn en Mexico, 1980. Up to now, the
best study of Mexico’s mechanisation is Sergio Nicolai, “Algunas reflexiones sobre los orIgenes de Ia
mecanizaciOn industrial en Mexico (1780-1850)”, La cultura industrial mexicana. Primer encuentro
nacional de arpueolopIa industrial (Monterrey, NL, 3-5 de junio de 1999), Coord. Sergio Nicolai and
Humberto Morales Moreno (Mexico: Benemérita Universidad AutOnoma de Puebla/Facultad de Filosofia
y Letras/DirecciOn General de Fomento Editorial/Comité Mexicano para Ia Conservaciôn del Patrimonio
Industrial, AC, 2003) 191-215. Nicolai explores, under the scope of global and local relationships of
industrialisation, different plans to mechanise the country with focus on the diverse ideas and
understandings developed by Mexican governments for the design of economic and political programs to
foster Mexico’s industrial development. His analysis, in my opinion, is perhaps the most convincing
historical explanation of the local conditions and obstacles that prevented the large-scale, domestic
production of machinery and machine-tools, during the nineteenth century.
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as many issues intervened. But it was during the 1870s when technological change

was possible because of the convergence of many local and international factors,

making it difficult to differentiate causes and effects. For instance, the country

experienced population growth and an expanding urban development. More

manufactured goods circulated and more land was available for exploitation. National

exports, mainly from mining, and national commerce, increased. Transports such as

railways and steamships were more efficient, making distribution more accessible to

distant regions. More educational institutions were created, incorporating mechanical

engineering knowledge. American and European industrial expansion demanded new

markets and Mexico was an ideal target. Increasing global demand for goods led to the

introduction of machines to capitalise on raw materials and to produce more

manufactured goods. Iron and steel became standard materials for machine building

making global economies mineral based. The use of steam powered manufacturing

machines was widespread and their technoscientific content more advanced. In

consequence, Mexico’s mechanisation was predominantly the result of the translation of

foreign steam-technoscience, which included designs, know-how, industrial processes,

manufacturing machines, steam locomotives, engines and boilers, rather than the

transfer and passive reception of foreign technology.237

In late-nineteenth century Mexico, the translation of foreign machines and

technology produced uneven impacts due to the nature of the country’s regional, social,

cultural and economic diversity.238 The flux of foreign machines into Mexico did not

237 These assertions represent amplifications of the ideas of economic historians working on the Porfiriato.
For ideas that contrast, to certain extent, the impact of technology transfers into Mexico, see Beatty,
Institutions and Investment, 2001, and “Approaches to Technology Transfer in History and the Case of
Nineteenth-Century Mexico”, ComDarative Technology Transfer and Society, vol.1. 2 (2003)167—200.
238 Cf. Beatty, Institutions and Investment 114-132. I disagree with Beatty when he states that steam
engines were among the “relatively small-scale, multipurpose machines and hardware” (114) because, as
previous chapter-stations attempted to suggest, from the point of view of steam-technoscience, to
construct engines required highly codified knowledge, mechanical engineering design, metal casting
facilities and an array of tools and skilled metal workers. This process of machine building was far from
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always make possible the expected mechanisation or the creation of new industries.

Machines and industrial techniques were subject to many kinds of limitations, such as

inoperative or deficient mechanical performance due to different physical conditions

under which machines had to work as compared to those conditions considered in

original machine designs; lack of appropriate fuel; defective machine parts; lack of

skilled workers to monitor and operate machineries; and more of the like. Often, the

machines proved disappointing to their patentees and promoters, either because of the

need for precision, or because of the unmanageability of the raw material, or because of

the irreplaceability of skilled machinists.

These technical and mechanical problems and other sociotechnical challenges

were recognised and addressed, in many ways, by Mexican engineers, machinists,

intellectuals and politicians beginning in the late-eighteenth century. Thus, the historical

path for mechanising Mexico was embedded, from the beginning, in the context of

problem-solving for the local adaptation of technologies and mechanical artifacts. Over

the years, plans aimed to foster mechanisation were carried out politically and

technically under the umbrella concept of industrial promotion or fomento.

small, but certainly, subject to the demand and supply based on the local market conditions. From the
economic and industrial point of views, however, I do agree with Beatty that steam engines served to
power both small and large-scale production machinery. Engines were power sources, thus, crucial for
any given industrial purpose. I also agree with him when he says that steam engines were [...]generic
and ubiquitous machinery” and that they “constituted the most widespread form of technology transfer”
during the Porfiriato (115-116). In consequence, the following chapter-stations are aimed to test these
assertions against historical evidence.
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Station 5.2. Mechanisation, Fomento and Material Progress

Since the 1780s, Mexican governments and industrialists have been engaged in

a long, discontinuous, fragmentary, and hybrid process of mechanisation of the

country’s industry. Labour power and mechanisation coexisted, such as in artisanal

techniques of manufacturing with mechanical techniques; animal and water power;

hand-tools and self-acting machinery; and in the traditional backyard workshops and

factory systems that included the creation of emergent colonies of workers and their

families at various times during the nineteenth century. Since then, the connection

between machines and industry has been conceptualised as the means to bring

progress to Mexico. As a result, when moving the focus of the analysis back in time and

space, these facts lead to a different understanding of Mexico’s industrialisation as a

process of hybrid mechanisation. Modern industry coexisted with older systems of

production rather than superseding them. Old and traditional domestic industries, many

of them labour-intensive, mixed and developed with modern manufacturing machinery,

playing no less crucial a part than the machine-based factories created in the country.239

During the last decades of the eighteenth century, physics, mechanics, advanced

mathematics, mining techniques and chemistry were introduced in New Spain. 240 For

the first time in Mexico’s history, colonial officials defined a set of polices aimed to

centralise power and to foster the mechanisation of industry. 241 This policy was called

239 For historical examples of hybrid processes of industrialisation and incorporation of the so called ‘new’
technologies in many other contexts, see David Edgerton, The Shock of the Old. Technology and the
Global History Since 1900 (USA: Oxford, University Press, 2007).
240 Cf. RamOn Sanchez Flores, Historia de Ia TecnologIa v Ia lnvenciOn en Mexico (Mexico: Salvat
Mexicana de Ediciones S.A. de C.V., 1980). For an analysis of the introduction of advanced physics and
mathematics in Mexico during the eighteenth century, see Maria de Ia Paz Ramos Lara, Difusión e
institucionalización de Ia mecánica newtoniana en Mexico en el siglo XVIII (Mexico: Sociedad Mexicana
de Historia de Ia Ciencia y de Ia TecnologIa I Universidad AutOnoma de Puebla, 1994).
241 Cf. Luis Jauregui, “Las reformas borbónicas”, Pablo Escalante Gonzalbo et al, Nueva historia minima
de Mexico (Mexico: El Colegio de Mexico, 2006) 113-136; Omar Guerrero Orosco, Las ralces borbOnicas
del estado mexicano (Mexico: Universidad Nacional Autónoma de Mexico, 1994)177-190.
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fomento or industrial promotion, and historically forms the background to what became

during the Porfiriato the Secretarla de Fomento, ColonizaciOn, Industria y Comercio. 242

Eventually, this federal agency would soon exercise centralised control in matters of

mechanisation, land tenure and settlements, geographical surveys, statistics,

agriculture, industrialisation, science and technology.

Fomento, as defined by the Bourbon Reforms, developed plans to introduce

machines, in particular steam engines known at the time as Watt’s machines or

máciuinas de fuecio (fire machines), to be used in the mining sectors of both Spain and

the colonies. In Spain, in 1786, steam engines purchased from the Boulton and Watt

242 In 1774, Pedro Rodriguez, Count of Campomanes, in his Discurso sobre el fomento de Ia industria
popular (Madrid: En Ia Imprenta de D. Antonio de Sancha, MDCCLXXIV) set the economic and political
basics to foster the modernisation of Spain’s industrial sectors. He asserted that mechanical professions
in Spain were in decay and abjection because these professions were kept in a state of depression and
degradation through the ignorance and indolence of those who exercised them in a slovenly manner.
Campomanes argued that the mechanical arts could be improved by the assistance of education and
scientific knowledge. In such a way, artisans would raise themselves by their skill, industry and conduct,
and the prejudice against the mechanical profession would give way. He proposed the scientific education
of agriculture, the creation of factories for building machines and to promote mechanical inventions, and
the teaching of advanced mathematics and drawing for those purposes. campomanes developed a plan
based on the synergy between education, fomento, and administration that included, among other
measures, the incorporation of foreign skilled workers and teachers to introduce knowledges and
techniques into the industry, and the creation of sociedades econOmicas or economic societies that would
manage the scientific exploration of the country’s natural resources and advanced science and
technology. For him, “manufactured goods are rather invented or imitated” (“Las manufacturas o se
inventan, o se imitan”) and economic activity needed to be promoted or fomentada on the base of
consideration of the domestic production capacity. In Mexico, many of campomanes’ ideas influenced
Mexican politicians such as Lucas Alamán, and clearly served as a framework for Mexican fomento
policy. Cf. Discurso sobre el fomento de Ia industria popular (1774) 46, 50-53, 116-117, 127-129, 131-
132, 137, 164, and 185. I am quoting from an original copy digitised by the Universidad Complutense of
Madrid. Up to know, I do not know of any historical literature that contextualises the evolution of ideas and
plans of fomento during the nineteenth century. The historiography on the topic is dispersed. However,
crucial information can be found in Sanchez Flores, Historia de Ia Tecnoloqia. Another interesting source
that focuses on the role of fomento and agriculture is Maria Cecilia Zuleta, “La SecretarIa de Fomento y el
fomento agricola en Mexico, 1876-1910: Ia invenciOn de una agricultura prôspera que no fue”, Mundo
Acirario. Revista de Estudios Rurales, vol. 1(1) (Argentina: Universidad Nacional de Ia Plata? Red de
Revistas CientIficas de America Latina y el Caribe, Espana y Portugal? Universidad Autónoma del Estado
de Mexico, 2000). Online version: http:?/www.scielo.org.ar/pdf?magr/vlnl/vlnlaO4.pdf.
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steam works in England were used in the mercury mines of Almadén, AndalucIa.243 In

New Spain, the reforms worked at reorganising technical education and carried forward

legal policies to promote the utilisation of steam machines. In 1803, plans to introduce

steam engines were discussed in the Royal Academy of Mining, Real Seminario de

Minas or Coleciio de Minas. During such discussions, presided over by Francisco De

Elhuyar, then director of the Real Seminario, controversy arose between El Colegio

members. De Elhuyar concluded that the mechanical performance of the English steam

machines could not be guaranteed in New Spain. He made his technical assessment

based on the lack of mineral coal, the long distances between the mines, water

reservoirs, and lumber reserves, and, finally, in the calculation of the associated costs of

import and transport.2 Instead, De Elhuyar proposed that it was technically possible to

build steam machines in New Spain, based on the adaptation of the English engines to

suit the local conditions. In order to make effective this initiative, De Elhuyar also

proposed to bring foreign machines, skilled machinists and tool makers from England

who would serve as models and facilitate the adaptation and creation of a local school

for machine building. The plan included the construction of mechanical prototypes that

would be subject to empirical testing and theoretical analysis. De Elhuyar’s proposal

represents the first historical attempt made through fomento policy for mechanising the

mining industry of Mexico that included importing foreign machines and technical

243 Cf. R. Ruben Amengual Matas, “Análisis de Ia Evolución HistOrica de las Maquinas Térmicas durante
el periodo 1826-1914 a través de las Patentes Españolas de Ia Epoca”. Doctoral diss. Industrial
Engineering (Madrid: universidad Politécnica de Madrid, 2004), and Juan Helguera Quijada, and Juan
Torrejón Chaves, “La introducción de Ia máquina de vapor”, Coord. Francisco Javier Ayala Carcedo,
Historia de Ia TecnoloqIa en EsDaña (España: Valatenea, 2001) 242-244.
244 Cf. AGN, Real de Minas, vol. 28, 1804-1805. Informe de Fausto De Elhuyar, 14 de marzo de 1804;
Real Orden del 12 de enero de 1805; Real de Minas, vol. 30, Real orden ara el establecimiento de
bombas de fueqo, 11 de mayo de 1819. See also Clara Bronstein Punski, “La introducción de Ia máquina
de vapor en Mexico”. Diss. Universidad Nacional AutOnoma de Mexico (1965) 109-130; Maria Eugenia
Romero Sotelo et al, Mexico entre dos revoluciones (Mexico: Universidad Nacional AutOnoma de Mexico,
1993) 2 1-24; Sanchez Flores, Historia de Ia TecnolociIa 253-258; Carlos Sempat Asadourian, “La bomba
de fuego de Newcomen y otros artificios de desagüe: un intento de transferencia de tecnologIa inglesa a
Ia minerla novohispana, 1726-1 731”, Historia Mexicana, L: 3 (2001) 385-457.
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education with the aim of locally developing machine construction. In his mind,

mechanisation eventually would foster progress aimed at the betterment of lifestyle

conditions without creating dependence on foreign machines. De Elhuyar’s ambitious

plan is also the first historical attempt of linking the country’s educational structure with

its industrial development. This educational-industrial association was inspired by the

French model that by late eighteenth century had developed state technical schools with

the aim of promoting industrial growth.245

Nevertheless, beginning in 1821, after Mexico’s Independence from Spain, the

country’s economy relied more on exports, mainly of raw materials, and less in the

creation of industries to produce manufactured goods. The shift from mining to exports

was due to the deterioration of the mines during the war, and Humboldt’s almost

iconographic description of the country’s abundance of natural resources that, over the

years, was accepted by many Mexicans and became more a myth than reality. 246

Humboldt’s narrative of Mexico’s splendour and magnificent surroundings, its riches and

physical aspects, constantly used the word ‘progress’ to depict a new geography,

people, land and natural resources. For Humboldt,

Those who know the interior of the Spanish colonies from the vague and uncertain
notions hitherto published will have some difficulty in believing that the principal

245 This historical comparison is made based upon my analysis of the literature about engineering schools
in New Spain and France. See Maria de Ia Paz Ramos-Lara, Difusión e institucionalizaciOn de Ia
mecãnica newtoniana en Mexico en el siglo XVIII. (Mexico: Sociedad Mexicana de Historia de Ia ciencia
y de Ia Tecnologia I Universidad AutOnoma de Puebla, 1994) and James M. Edmonson, From
Mécanicien to Ingénieur: Technical Education and the Machine Building Industry in Nineteenth-century
France (New York and London: Garland Publishing Inc., 1987). In addition, see also campomanes,
Discurso sobre el fomento de Ia industria popular (Madrid: En Ia Imprenta de D. Antonio de Sancha,
MDCCL)(XIV) where he compared the status and requirements of French and Spanish trades.
246 Cf. Alexander Von Humboldt, Political Essay on the Kingdom of New Spain (Translated from the
original French by John Black. London: 1811). Humboldt (1769-1859) was a German naturalist and
explorer that between 1799 and 1804 travelled extensively in Latin America, including Mexico.
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sources of the Mexican riches are by no means the mines, but in agriculture which
has been gradually ameliorating since the end of the last century.247

True as this may have appeared to Humboldt, the abundance and promise of

Mexico’s fertile lands were seen by the post-independence Mexican intelligentsia as the

ideal locations to colonize with energetic, industrious, and liberal-minded Europeans.

Key among these tasks was the acquisition and regulation of the nation’s land facilitated

by government institutions such as the Sociedad Mexicana de Geocirafla y EstadIstica

or Mexican Society for Geography and Statistics (1833) and the Comisión Geográfico

Exploradora or Geographical Survey Commission (18771914).248 Material progress,

embedded in fomento policy, was redefined as colonization, promotion of industries and

immigration of skilled labour. From this political understanding, promotion or fomento,

along with industrialisation, would have an historical role in the nation’s quest for

material progress.

Plans to bring steam engines into Mexico, however, did not disappear

completely. Ideas of industrialisation continually changed, shaped by the many

governments that succeeded after the First Mexican Empire of AgustIn de Iturbide. In

1822, the ComisiOn de Hacienda or Finance Commission presented an initiative to

promote the introduction of steam engines or the creation of a machine building factory

in Mexico.249 The initiative included fiscal incentives such as tax cuts and the allocation

of legal rights for a period of ten years granting exclusive exploitation of minerals to

those who provided the funds and established the necessary means for mining.

Between 1803 and 1823, there were three attempts that combined ideas of bringing

247 Cf. Alexander Von Humboldt, Political Essay on the Kingdom of New Spain (1811) 54.

248Cf Enrique de OlavarrIa y Ferrari, La Sociedad Mexicana de GeografIa y Estadistica. Reseña histOrica
(Mexico: Oficina Tipográfica de Ia SecretarIa de Fomento, 1901), and Luz Fernanda Azuela Bernal, Tres
Sociedades CientIficas en el Porfiriato (Estado de Mexico: Universidad Tecnologica de NetzahualcOyotl,
1996) 35.
249 Cf. Ramón Sanchez Flores, Historia de Ia TecnologIa y Ia Invención en Mexico (1980) 263.
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engines from England with the creation of facilities for the local production of steam

machines.

In 1822, Simon Tadeo OrtIz de Ayala, active colonizer of Mexico’s lands and

strong adherent to the idea of public administration, basing his ideas on Humboldt’s

data, wrote two treatise describing how to modernise Mexico’s agriculture, industry and

commerce. For OrtIz de Ayala, echoing Humboldt’s assessment, agriculture, not

mechanisation, was the priority. For him, agriculture was “the material origin of industry

and the never ending source of commerce; both constitute the essential richness and

true force of nations.”25° In other words, from the agricultural progress or industrial

agriculture, as OrtIz de Ayala called it, the progress of any other type of industry as, for

example, mining, could be achieved. However, OrtIz de Ayala did not totally discard the

idea of bringing steam machines to be used in the mines of Real del Monte, such as

Rosario, Catorce, Litiqiosa, and Bolaños251 He concluded that without effective

commerce, there is no civilization, no richness, and no power. In the work of OrtIz de

Ayala, there were already present many aspects that over the years would serve to

define the political ideals of the Mexican liberals. For example, they looked to Europe

as the only model for modern development. Free trade and laissez-faire were

instrumental to constitute a strong industrial project, free of any government

protectionism to encourage the survival of the fittest. This mindset soon proved to be

engrained in the Mexican debates between liberals and conservatives as to how to

achieve material progress. Even by 1892, some government officials in the Secretarla

250 Original text in Spanish: [...] el origen material de Ia industria y Ia fuente inagotable del comercio, que
constituyen Ia esencial riqueza y Ia fuerza verdadera de las naciones”. Simon Tadeo OrtIz de Ayala,
Resumen de Ia estadIstica del Imperio Mexicano Dedicado a Ia Memoria del Sr. Don AciustIn I.
Emreradorde México(México: Imprenta de doña Herculana del Villary Socios: 1822) 8.
251 Simon Tadeo OrtIz de Ayala, Resumen de Ia estadIstica del Imperio Mexicano dedicado a Ia Memoria
del Sr. Don Aqustin I. Emperador de Mexico (1822) 44.
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de Fomento still considered agriculture to be more important for the country than

manufacturing goods.252

By 1823, OrtIz de Ayala’s initiative of bringing steam engines was materialised.

The English-owned Real Del Monte Mining Company made a significant technology

translation by bringing steam engines and mining technology into Mexico with the

purpose of renewing silver mining in the region. Many hundreds of Cornish miners,

artisans and technicians migrated to the State of Hidalgo throughout the nineteenth

century. Some of them remained to found well-known Cornish-Mexican families. By the

1830s, a large Cornish community had established in Pachuca, where the Cornish

numbered around 350 by late 1870s. Still today, four Cornish engine houses are

standing (El Corteza, San Pedro, Dolores, and Acosta), as reminders of the foreign

technical expertise. Between 1824 and 1826, nine British-owned mining companies

were established in Mexico: United Mexican Mining Association. Anglo Mexican Mining

Association, Real de Monte, Bolaños, Tlalpuiahua, Catorce, New Mexican Company,

Laucalpan and Mexican Mine Company. But only the United Mexican Mining

Association survived until late nineteenth century.253 Each of these companies brought

with them steam engines, water pumps, boilers, technical skills, and metal workers.

Although the Mexican government was not able to use Cornish steam engineering to

create a technical training school or initiate the local construction of engines, in the

following years, Cornish steam engines were repaired by Mexican technicians and

metal workers who developed technical skills and machine knowledge by learning-by-

doing and interplay with Cornish engines. Derived from successive interactions with

British engineering technology, followed in 1824 by German mining technologies, as

252 Internal memorandum addressed to Secretario de Fomento Manuel Fernández Leal. AGN-FIN, box 1,
file no.1:1892.
253 Cf. Roclo RuIz de Ia Barrera, “La empresa de minas del Real del Monte, 1849-1906”. Thesis. Centro
de Estudios Históricos / El Colegio de Mexico, 1995; Robert W. Randall, Real del Monte: una empresa
minera británica en Mexico (Mexico: Fondo do cultura Econômica, 1977).
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well as with machines and miners that came to the country,254 Mexican machine

workers accumulated, during the first half of the nineteenth century, a great deal of

technical expertise on machine components, tools and steam-technoscience in general.

Despite such important technological translations, in the end, mechanisation was

localised in a few regions, fragmented, and did not render the expected nationwide

results as originally conceived. But certainly, technical empirical knowledge had arisen

and had begun to be circulated among machinists and technicians.255

Another option for pursuing material progress was based on the mechanisation of

the textile and mining sectors as well. In 1830, Lucas Alamán and industrialist Esteban

de Antuñano proposed to create the Banco de AvIo, a government-sponsored financial

institution with the main purpose of promoting national industry. In the original text of

the decree, the purchasing of the necessary foreign machinery was considered,

including provisions for loans to private individuals interested in creating machine

building factories.256 Alamán, trained as mining engineer at the Real Seminario de

Minas, established the CompañIa Unida de Minas —with the assistance and

endorsement of Humboldt for negotiating the funds in France and England—257 and the

254 Cf. BrIgida M. von Mentzde Boege, “Noticia sobre alemanes en Mexico durante el triunvirato y Ia
presidencia de Victoria”, ed. Alvaro Matute, Estudios de Historia Moderna y Contemporánea de Mexico
7:81, (1979) 67-96.

255 Cf. R. David Meyer, Networked Machinists. High-Technology Industries in Antebellum America
(Baltimore: The Johns Hopkins University Press, 2006). Meyer’s focus is on the spread of knowledge of
how to mechanise production. Meyer maintains that machinists formed communication-networks that
spread tacit knowledge widely, and accelerated technoscientific translation and productivity growth.
Based on this paradigm, I am drawing similar parallels between Mexican machinists and their interactions
with foreign machines in Mexico during the nineteenth century.
256 Cf. AGN, Fondo Gobernaciôn, primera secciOn, 1830, box 6. Also, Robert A. Potash, Mexican
Government and Industrial Development in the early Republic: the Banco de AvIo (Amherst: University of
Massachusetts Press, 1983) 39-72. The bank initially had a capital of $1,000,000 pesos and resolved to
bring from the USA, machines and technical experts. The Banco de Avio was later transformed, in 1842,
into the Junta General Directiva de Ia Industria Nacional.
257 Cf. Lucas Alamán, Historia de Méiico. Desde los primeros movimientos gue prepararon su
independencia en al año de 1808, hasta Ia época presente (Méjico: lmprenta de J. M. Lara, 1852) 81.
See also doc. no. 124, Pedraza, Man G., Carta a Lucas Alamán sobre devoluciOn de documentos y envIo
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first foundry in Mexico in 1825. He became the historical founder of Mexico’s modern

tradition of fomento which was more engaged in industrialisation than agriculture. In

1842, he was appointed Director of the Junta General Directiva de Ia lndustria

Nacional,258 and later, President of the Ayuntamiento of Mexico in 1849.259 Alamán’s

influence in industrialising the nation was pivotal not only during his time but far beyond

the second half of the nineteenth century. In his mind, industrialisation would be

achieved by means of mechanisation to radically transform Mexico’s productive

capacity.

In 1838, Esteban de Antuñano (1792-1847), close collaborator of Alamán and

textile manufacturer himself in Puebla, was actively publishing his industrialist’s ideas in

local newspapers and pamphlets. According to De Antuñano’s economic analysis,

“Mexico’s industry acknowledges four cardinal points: mining, agriculture of cereals,

tropical agriculture, and manufactured arts [goods].”26° Interested in manufacturing

goods, specifically textiles, he said that “the manufacturing industry in Mexico is in its

de una escolta. Casa, noviembre 2 de 1825. F. ColecciOn de documentos del Archivo que deben ser
enviados a Humboldt, and doc. no. 126, Rocafuerte, Vicente. Carta a Lucas Alamãn sobre
correspondencia con el Baron de Humboldt y M. de Candolle. Londres, febrero 15 de 1826. C. A. F.
Lucas Alamán Papers, 1598-1853, Benson Latin American Collection, University of Texas Libraries, The
University of Texas at Austin.
258 Cf. Doc. no. 231. Lucas Alamãn como Presidente de Ia Junta del Fomento de Ia Industria. Circular.
Mexico, mayo 5 de 1841. Impresa. Llamado oara Ia formación de iuntas en el iais. Lucas Alamãn
Papers, 1598-1853, Benson Latin American Collection, University of Texas Libraries, The University of
Texas at Austin. In this bulletin, Alamãn made reference to Francisco Munibe e Idiaquez, Count of Peña
Florida and Pedro Rodriguez, Count of Campomanes, as the makers of fomento policy, in particular of
the sociedades económicas or economic societies that played a role in modernising the Spanish industry.
Alamán went on and said that Mexicans must follow the path created by them in order to fomentar or to
promote the national industry. Regarding the appointment of Alamán, see doc. no. 233, Nicolás Bravo,
presidente sustituto de Mexico. Nombramiento de Lucas Alamán como Director de Ia Junta General
Directiva de Ia Industria Nacional. Palacio Nacional, Mexico, diciembre 16 de 1842. F. Lucas Alamán
Papers, 1598-1853, Benson Latin American Collection.
259 Cf. Bibliographical note, Lucas Alamãn Papers, 1598-1853, Benson Latin American Collection,
University of Texas Libraries, The University of Texas at Austin.
260 Cf. Alvaro Matute, Mexico en el 51gb XIX. Antologia de fuentes e interpretaciones histOricas (Mexico:
UNAM: 1984)134.
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infancy because it uses awkward instruments [machines] and methods [techniques],

learned from certain metropolis [Spain], which had always walked a century behind as

compared with the oldest European nations []261 De Antuñano certainly shared the

extended idea that Mexico’s lack of technoscientific progress was due to the poor

Spanish legacy. For this reason, he strongly adhered to the mechanisation of Mexico

as well.

Perhaps the best expression of material progress was conceptualised by José

Maria Luis Mora, considered as the father of Mexican Liberalism.262 Between the 1820s

and the 1830s, Mora divided Mexicans into two groups. One group was self-identified

with progress, while the other group with retrocession. In Mora’s own words, in the

political arena coexisted “the party of changes and the [party] of immobility”.263 Both

groups, however, lacked clear political plans, but, for Mora, it was already evident that

“the first [group] talks about liberty and progress, and the second, talks about public

order and religion.” 264 According to Mora, during the first years of the Mexican

Republic, both groups developed their own ideas of material progress. A neat version

of progress emerges from an analysis of Mora’s point of view. Progress was associated

with notions of advancement and liberal ideas. It was regarded as the hope for the

future to come with the always open promise for the betterment of material life. In

contrast, the group of retrogrades represented the pessimistic version of progress

emerging from orthodox conservatism. For this last group, their privileged locus was the

261 Cf. Alvaro Matute, Mexico en el siglo XIX. Antologla de fuentes e interpretaciones históricas (1984)
135.
262 Cf. Charles Hale, The Transformation of Liberalism in late nineteenth-century Mexico (Princeton, N.J.:
Princeton University Press, 1989), and Jesus Reyes Heroles, El liberalismo mexicano (Mexico: Fondo de
Cultura EconOmica, 1982).
263 Original text in Spanish: “El partido del cambio y el de Ia inmovilidad”. Cf. José Maria Luis Mora, Obras
completas, vol. 1, edited by Lillian Briseño Senosiain et al (Mexico: SecretarIa de Educación Püblica:
Instituto de Investigaciones Dr. José Maria Luis Mora, 1986-1 988) 292-293.
264 Original text in Spanish: “El primero habla sobre libertad y progreso, el segundo habla sobre orden
püblico y religion”. Cf. José Maria Luis Mora, Obras completas (1986-1 988) 294.
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ideal past. In the cosmos of progress, tradition and modernisation, past and future were

amalgamated. The contested temporalities of progress collapsed over the years, as

liberal and conservatives clashed in political disputes and internal wars. Liberals

conceived a linear history based on the teleology of progress. Conservatives framed a

repetitive history, cyclical and full of set backs. Both traditions of material progress,

however, were immersed in the time and space of acceleration and velocity carried

forward by international industrialisation and capital.

After 1838, and until 1867, there are no historical records that indicate plans or

government initiatives regarding the national production of steam engines and

machinery. This historical gap in the continuity of materialising Mexico’s mechanisation

was not free of social, economic and political tensions. Mechanisation was neither a

random endogenous force nor an unpredictable and indomitable machine operating

independently of Mexico’s reality. Between 1846 and 1867, Mexico experienced nearly

two decades of uninterrupted warfare: the Mexican-American War, the Reforma wars,

and the French occupation (1862-1867). In the middle of tensions during the French

occupation hundreds of French and Austrian engineers, technicians and workers arrived

to install new businesses and to map out Mexico’s natural resources, Of particular

importance was the case of Jacob Kuchier, sent by Maximiliam of Hapsburg in 1866, to

explore Coahuila’s mineral coal mines. These mines were the same ones that, years

before, De Elhuyar said were too far to be exploited, and by the late 1890s, they

became of strategic importance for the industrial success of many northern Mexican

companies as, for example, FundiciOn de Monterrey and Cervecerla Cuauhtémoc.265

265 For Coahuila, see Camilo Contreras Delgado, “La explotaciOn del carbon en Ia cuenca carbonIfera de
Coahuila (1866-1 900). La divisiOn espacial del trabajo”, Relaciones Revista de El Colegio de Michoacán
22:87 (2001)175-204. For the case of the Mexican brewery, see Barbara Hibino, “Cervecerla
Cuauhtémoc: A Case Study of Technological and Industrial Development in Mexico”, Mexican Studies I
Estudios Mexicanos, 8:1 (1992) 23-43.
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As a result of both American and French warfare, Mexico’s mechanisation and

industrialisation had fallen behind as the country experienced new challenges, mainly

how to secure its sovereignty and how to achieve political agreement. This period was

characterised by the traditional use of hydraulic power, inconsistent use of steam power

and uneven mechanisation with focus on mining or reales de minas, countryside textiles

or obraies and agriculture or haciendas. The historical shift to note is that future

Mexican governments after the 1850s no longer envisioned the national production of

steam machines or the pursuit of mechanical applications based on steam

technoscience. In other words, mechanisation no longer had those Mexican supporters

who deemed as possible the national production of machines. The goal of subsequent

governments, from Juárez to Diaz, was to secure industrial growth by introducing into

the country ready-made artifacts, tools and machines, along with foreign skilled workers

and investors willing to pump the necessary funds for developing both local and

international markets for Mexico’s goods and raw materials.

In consequence, during the first half of the nineteenth century, the evolution of

fomento policy and material progress was a highly contested issue. The amalgamation

of material progress and fomento no longer meant mechanisation but industrialisation.

Instead, economic interests began to be above all those plans aimed for technological

and mechanical applications to produce a national infrastructure of machinery. The

framework for different politicians and businessmen to foster industrialisation came to

be located within binaries that pitted change against stasis; past against the future;

tradition against modernity; liberals versus conservatives; liberty and progress, against

law, order, and religion; and industrialisation against basic agriculture. In practice, this

historical and contested context of ideas of progress was framed into fomento policy.

On the one hand, there were those Mexicans who believed in the country’s abundance

of natural resources as the primary source of wealth. For this purpose, fomento was

focused on attracting foreign skilled workers to colonise Mexico’s lands. The labour

process was dependent on the strength, skill, quickness and sureness of touch of the

individual worker rather than upon the simultaneous and repetitive operations of

machines. Eventually, progress could be achieved and it would improve the moral and

social condition of the Mexican people. On the other hand, other social groups

promoted the idea of economic liberalism and fostered fomento policy such as
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protection of national industries to generate material progress. In general, Mexican

liberals’s ideas of progress combined both plans of labourers and mechanisation that

eventually would improve the peoples’ life-style.

After the restoration of the Mexican Republic in 1867, these notions of progress

—material and moral—were shaped by the politico-economic interests exercised by

foreign governments and companies, mainly from the United States and from some

European nations that looked at Mexico as a market to capitalise their own economic

opportunities and to alleviate their own internal socio-economic crises. For example, in

1873, BIas Barcárcel, Ministry of Fomento, Colonización, Industria y Comercio, in the

printed edition of the contract between the Mexican government and Edward Lee

Plumb, representative of the International Railroad Company of Texas for the Compañia

del Ferrocarril Nacional, said that that “Mr. Plumb’s project is perhaps one of the most

spectacular public works that until today has been presented in Mexico regarding

material improvements”.2 Mr. Plumb said that “Mexico City is predestined to be the

Paris of America”267 and that the railway between Mexico and the United States would

benefit Mexico’s exports, such as the sugar cane industry, which was a product in high

demand at the time. American interests in Mexico’s mines, agriculture, transportation

and other sectors played a role in how the future Porlirian government would design its

own fomento policy, in order to accommodate, on the one hand, national interests, and,

on the other hand, foreign capital and machines. In consequence, a second shift to

note is that from ideas of mechanisation to economic development. In turn, economic

policy was oriented around the aim of promoting the industrialisation of Mexico.

266 Original text in Spanish: “[...] el proyecto del Sr. Plumb, puede decirse que abraza una de las obras
más grandiosas que hasta hoy se han presentado en Mexico en el ramo de mejoras materiales [..J’ Cf.
Ferrocarril Internacional Mexicano. El Contrato celebrado con el qobiemo de Mexico y las
comunicaciones relativas (Mexico: Imprenta de DIaz de Leon y White, 1873) 4.
267 Original text in Spanish: “La ciudad de Mexico esta destinada a ser el Paris de America”. Cf.
Ferrocarril Internacional Mexicano. El Contrato celebrado con el gobierno de Mexico y las
comunicaciones relativas (Mexico: lmprenta de Diaz de LeOn y White, 1873) 22.
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By 1877, the official attitude toward Mexican economic development was highly

paternalistic. Minister of Fomento, Vicente Riva Palacio, argued that Mexico could not

subscribe to free trade theories because of her special circumstances as a developing

nation. For Riva Palacio, incipient Mexican industries could not compete with

metropolitan and foreign producers that had “already arrived at the apogee of their

grandeur and virulence”.268 Operating upon these assumptions, the SecretarIa de

Fomento subsidised some industries and enforced strong tariffs to provide a refuge for

others. In contrast with Ortiz de Ayala’s plans for free trade and laissez-faire, fomento

policy was aligned with this paternalistic, protectionist outlook.269 Mexican producers, it

was argued, could not bear the cost of introducing their goods to foreign markets. Every

manufactured good that they wished to place on display, for example, in world’s

exhibitions, represented considerable immobilised capital for the Mexican producer.

Hence, it became the task of State and central government to purchase and display

local products. “The Mexican worker, alone, isolated, abandoned, the victim of untold

evils,” was given by means of this paternalistic policy “an opportunity to present his

products to the admiration of the world”.27°

By the 1880s, after Carlos Pacheco had succeed Riva Palacio as Minister of

Fomento, central to the understanding of economic growth was the general belief

among Mexicans that progress could be achieved by the long-envisioned idea of

268 Original text in Spanish: “[...] que han Ilegado ya al apogeo de su grandor y virulencia”. f. Secretaria
de Fomento, colonizacion, Industria y comercio, Memorias Iresentadas al congreso de Ia UniOn, vol. I
(Mexico: Oficina Tipografica de Ia SecretarIa de Fomento, 1877) 529-53.
269 This paternalism and protectionism resembles Campomane’s fomento policy where the state played a
patriarchal role in the administration of the country’s infant industry.
270 Francisco Godoy, Mexico en Paris. Reseña de Ia DarticiQación de Ia ReDüblica Mexicana en Ia
ExDosiciOn Universal de Paris en 1889 (Mexico: Tipografia de A. E. LOpez, 1888) 97-99. Mauricio Tenorio
Trillo provides a good example of the paternalistic role of the Mexican state when Porfirian officials were
making preparations for Mexico’s participation in the World’s Fair of Paris in 1889. He quotes a petition
from artisans of Puebla asking for financing from the Ministry of Fomento in order to send their products.
f. Artilucjio de Ia Nación Moderna. Mexico en las exposiciones universales, 1880-1930 (1998) 86
(footnote no. 28).
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introducing foreign machines, skilled workers and capital, and by the creation of

international markets for Mexican goods. But full participation in the world economy

could only be possible through an active program of recruitment and promotion carried

forward by fomento policy. What was necessary, according to one Fomento official,

was that Mexico “display the natural resources of her soil and the products of her

industry which, if yet small, show great promise for development —if only laborious and

honest immigrants can be obtained along with a supply of capital which now lies

dormant and inactive [in other countries].”271 The Humboldtian views of Mexico’s

richness are evident in the assumptions of this Fomento official. This time, associated

with fomento policy, Porfirian officials conceived another way to promote Mexico’s

products and natural resources through participation in world’s fairs, the most important

international showcasing venue since the 1850s. It was this frame of mind, then, which

provided the basis for the DIaz government to reshape fomento policy in conjunction

with fiscal policy, participation in world’s exhibitions, development of propaganda,

attracting foreign capitals, and more.

But controlled exposure to the world economy was not merely designed to sell

Mexican goods. Rather, government decision makers expected Mexican participation in

the world fairs to awaken what was viewed as the latent industriousness in the Mexican

people. As Mexican products won medals and gained international recognition in the

expositions, including the steam engines built at the ES, it was hoped that Mexicans

would raise their standards of craftsmanship and productivity. To this end, Fomento

made the expositions as much an event for Mexicans as for residents of the host

countries. Fomento officials bombarded the Mexican press with reports of successes

271 c• Secretaria de Fomento, colonizacion, Industria y Comercio, Boletin de Ia exposición mexicana en
Ia internacional de Paris, vol. II (Mexico: Oficina Tipográfica de Ia SecretarIa de Fomento ,1888) 205. See
also Mauricio Tenorio Trillo, Artiluciio de Ia Nación Moderna. Mexico en las exDosiciones universales,
1880-1 930 (Mexico: Fondo de cultura Económica: 1998) 86-89.
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achieved in distant exhibitions.272 With the same purpose in mind, exposition

commissioners assembled their displays in Mexico City and provincial capitals for

periods of preliminary viewing by Porfirio DIaz, the cabinet and the general population.

At the close of the fairs in Europe and in the United States, the buildings which had

housed the Mexican exhibits were sometimes shipped to Mexico City where they were

reassembled for public use.273

While the Porfirian government conceived the world’s fairs as opportunities to

improve Mexicans’ self image, it also sought to correct the misunderstandings of

international opinion concerning Mexican climate, politics and society. Ministers of

Fomento represented Mexico to the world as a reformed nation in which property and

progress bloomed in an atmosphere of political stability. If participation in the

exhibitions “succeeded in placing Mexico in a proper position before the world,” it would

have “accomplished enough to repay manifold the tremendous outlay, not only of capital

and labour, but of mental energy” which the expositions demanded.274 Reforming

Mexico’s image before the world became a precondition for economic development. 275

The exuberance of Mexican propaganda, however, also suggests that participation in

the world’s fairs often had non-economic ends. Much of Diaz’ foreign policy was

devoted to improving the political posture of Mexico vis-à-vis other nations. International

gatherings such as the expositions provided a field for correcting and improving such

posture. However, the main purpose for organising these exhibits was to display state-

of-the-art machinery and technologies. According to Tenorio Trillo, “world fairs were the

272 Cf. Mauricio Tenorio Trillo, Artiluqio de Ia Nación Moderna. Mexico en las exDosiciones universales,
1880-1 930 (1998) 94-98.
273 Cf. Francisco Godoy, Mexico en Paris. Reseña de Ia QarticiDación de Ia Repüblica Mexicana en Ia
Exposiciôn Universal de Paris en 1889 (1889) 65; Secretaria de Fomento, Colonización, Industria y
Comercio, Memorias (1877) 530, and newspaper El Slab XIX (Mexico City, 10 September 1884)1.
274 Cf. Gran ExDosición Internacional de Mexico gue se abrirá el dia 15 de seitiembre de 1895 y gue se
clausurará el dia 3 de abril de 1896. AGN-FE, box 2, file no.1 (1894) 3-10.
275 Cf. Mauricio Tenorio Trillo, Artilugio de Ia NaciOn Moderna. Mexico en las exposiciones universales 87.
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capitals of inventions; the personification of the marriage between science and

technology.”276 But participating Mexican government officials and businessmen never

thought to make notes or drawings of technoscientific artifacts exhibited, or to spy over

the machinery exhibits, or to buy simple machine designs that could be shipped back to

Mexico for adaptation or even for educational purposes to facilitate training and

development of local skilled workers. To my knowledge, there is no single case of

documented Mexican technoscientific or industrial espionage —as we call it today— or

pirating —as it was called in the nineteenth century— that proved either to be

successful or disastrous.277

Under these circumstances, Porfirian officials associated foreign machines,

workers and technologies with the improvement of national economic activities as

means to achieve progress. In their minds, machines would transform the country’s raw

materials, but, such transformation would no longer be limited to the simple extraction of

natural resources and their commercial sale. Accordingly, the objective was to create a

national manufacturing industry mainly comprised of textiles, cigarette rollers, breweries,

and vegetal fibber processing (cotton, henequen). This plan had previously been

envisioned by Lucas Alamán as early as 1832.278 Therefore, Mexico’s economy could

be sustained by combining what was to be produced, for example, textiles, and how it

276 Original text in Spanish: “Las exposiciones universales eran las capitales de Ia invenciOn;
personificaban el matrimonio entre Ia ciencia y Ia tecnologIa [.1”. Cf. Mauricio Tenorio Trillo, Artiluciio de
Ia Nación Moderna. Mexico en las exDosiciones universales 185.
277 Tenorio Trillo did not document cases of Mexican industrial espionage during Mexico’s participation in
the world’s fairs. He clearly stated that Mexico’s aim in developing patent laws, like the one of 1890, was
to protect foreign inventions in Mexico and to attract foreign immigration and capital, but not to promote
national inventions. Cf. Artilucjio de Ia Nación Moderna. Mexico en las exposiciones universalesl85.
278 Tenorio Trillo says that Mexican industrial exhibits focused on textiles, flour mills, cigarettes and
natural fibers because these manufactured goods won international recognition and medals. Furthermore,
he argues that Mexican participation was not oriented to technology. Tenorio Trillo also suggests that the
Mexican elite had abandoned the idea of promoting native technology or inventions based on the
country’s technoscientific disadvantage when compared to other nations at the time. For them, according
to Tenorio Trillo, Mexico’s aspiration was to become a “cosmopolitan supplier of raw materials”. Cf.
Artilugio de Ia Naciôn Moderna. Mexico en las exposiciones universales 187.
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would be produced. However, the economic understanding of technology offered in

practice some possibilities but some limitations as well. Intensified production did not

always yield to social prosperity, whether moral or material. The Porfirian association of

technoscience and economy, often times, was more an amalgamation for political

discourse and less in practice a physical manifestation of concrete artifacts. Material

progress, in the industrialised world, was expressed in terms of steam engineering and

horsepower units. International exhibitions were fundamental in assessing the industrial

capacity of modern nations. At these locations, usually in machinery halls, dynamos

and steam engines were displayed and the joint amount of horsepower capacity

publicized. In Porfirian Mexico, in contrast, material progress was less expressed by

horsepower units and more in terms of economic development by using statistics,

charts, cartographic maps, and demographics that accounted for the improved sanitary

conditions of Mexico’s towns.279 Technoscience as a political discourse served to

legitimise macro-processes of soclo-economic rationalisation and modernisation. In this

sense, material progress was the Mexican conceptualisation of capitalist development,

an ideological response to the world’s economic transformations during the second half

of the nineteenth century. By the turn of the nineteenth century, in Porfirian political

discourse, the association between economy, science and machines shifted material

progress, moral or physical, into economic development.

A concise manifestation of this understanding was given in 1901 by economist

Carlos DIaz Dufoo. He wrote that railways were the prime sector for Mexican industrial

development. The steel roads, as he called the railway tracks, facilitated the

introduction of modern machineries and manufactured goods into the country, and

opened the door to new political ideas, to foreign capital and to new understandings of

well being and progress. Mexico, DIaz Dufoo said, had ahead not only a huge

279 Cf. Tenorio Trillo 188-1 95.
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economic transformation but a social one as well. 280 For him, Mexico’s industrialisation

produced the emergence of a new social group, the Mexican middle class. This

emergent group, according to DIaz Dufoo’s romanticised account, took over the

industrial activities that defined the interests of the Mexican State and its society. Their

participation as industrialist leaders was the engine driving the country’s progress, its

peace and national solidarity. In other words, the age of economies of scale, with

massive production, immense capital investment, and scores of workers, had dawned.

Owing to his resolute belief in progress, he predicted that increased economic

concentration was on the horizon. Unequivocally, Diaz Dufoo believed in the

inevitability of material progress, which manifested itself in increasing economic

concentration and industrialisation. As a result, Mexico had two industrial sectors, one

controlled by foreigners and one by nationals. One sector was devoted to situate

national products in the foreign markets. The second had the goal to supply the

national demand for goods. For DIaz Dufoo, the combination of the two industrial forces

made a ‘giant engine’ mobilising the national machinery needed to transform the nation.

DIaz Dufoo’s metaphor of the ‘giant industrial machine’ transforming the nation speaks

to the acceleration in productivity growth in the export sector, especially mining, that

characterised the Mexican economy from 1870 to 1914. But also, this ‘giant industrial

machine’ was a machine made of many more machines, in particular, from machines

moved by steam power, made from steel and iron but controlled and operated by

thousands of workers.

To summarize, from the 1780s to the 1870s, the mechanisation of Mexico’s

industry was associated with ideas of material progress that served as the political

280 Cf. Justo Sierra, Mexico, su evolución social: sIntesis de Ia historia Dolitica, de Ia orqanizaciôn
administrativa y militar y del estado económico de Ia federaciOn mexicana; de sus adelantamientos en el
orden intelectual; de su estructura territorial y del desarrollo de su oblaciOn, y de los medios de
comunicaciôn nacionales y internacionales; de sus conquistas en el campo industrial, agricola, minero,
mercantil, etc., etc. vol.2 (Mexico: J. Ballescá, 1900-1901. Edición facsimilar Grupo Editorial Miguel Angel
Porrüa: Mexico: 2005) 147-148.
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‘frame’ to develop fomento policy and, eventually, its official infrastructure known as the

SecretarIa de Fomento. Ideas of material progress, through the years, continually

changed, taking from both Mexican liberal and conservative traditions. In this period,

the interplay between economic activity and sociotechnical organization led to different

paths of mechanisation that included the import of foreign machinery and/or the

domestic production of engines and other machines.

Between 1803 and 1838, three initiatives to adapt foreign steam-technoscience

in Mexico were made by national businessmen and government administrations. The

aim of those plans was to substitute foreign engineering and machines to foster the

national production of machine building. After 1838, I could not find historical records to

document plans for the domestic production of steam engines and machinery. By 1843,

however, Mexican newspapers deemed it necessary to import foreign machines to

promote industrialisation until the country developed its own technical capacity to build

machinery.281 This fact shows a shift in the country’s historical process of

mechanisation: from imports of foreign machines as an impetus to the local production

of machinery, to imports of foreign machines only. During the second half of the

nineteenth century, government administrations and private investors no longer

promoted plans to develop mechanical inventions or applications that would act as

substitutes of foreign machines.

Until the 1870s, during the Porfiriato, the FundiciOn de Sinaloa, echoing

Francisco De Elhuyar’s plans of 1803, was the only business in Mexico that had

materialised an old and cherished ambition of producing machines by adapting steam

technoscience. Yet Porfirian government officials worked more as the administrators of

the process of mechanisation. They encouraged private investors to buy foreign

281 Cf. Anónimo. “Industria Nacional. Elementos de Economia Industrial”, in El Museo Mexicano.
Miscelánea pintoresca de amenidades curiosas é instructivas, vol.1, 1843.
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machines instead of developing the national production of machines and machine tools.

The evidence to substantiate this claim is based on the analysis of economic

development. Among the many institutional changes in Mexico after the 1870s that

facilitated unprecedented growth in exports, there is not a single act, law or policy

devoted to directly subsidy and protection of the creation of machine building factories

and tool industries. The economic policy of the Porfiriato rewarded industrial innovation

and export production with political favours. But innovation, better yet, adaptation, was

not understood as invention or creation of machines or tools. Instead, innovation was

the introduction into the country of modern machinery and industrial systems that were

not already existent. The only avenue for innovation was foreign machines. The main

reforms, which strengthened property rights, included a new Commercial Code, enacted

in 1884, Limited Liability legislation, in 1888, Patent Law, revised in 1890 and 1903, the

stream-lining of taxation, mainly by abolishing excise duties (known as the alcabala) in

1896, and the General Banking Act of 1897 which sought to inject more capital into the

local market. Finally, foreign investment was encouraged through the allocation of

franchise, concession and subsidies, particularly in railways, mining and oil. The result

was commodity diversification and regional specialisation which yielded a dramatic

volume and value growth in exports. 282 In this context of economic changes, Fomento

policy developed patent laws to protect in Mexico foreign technoscience and machine

designs but less to promote domestic inventions that would facilitate the development of

machine constructors and machine toolmakers.

The DIaz regime did not promote national mechanical applications but fostered

foreign imports instead and used fomento policy to administer imports, not to promote or

282 Cf. Edward Beatty, Institutions and Investment: the Political Basis of Industrialization in Mexico before
1911 (Stanford, California: Stanford University Press, 2001.) 34-39; carlos Marichal, “Avances recientes
en Ia historia de las grandes empresas y su importancia para Ia historia econOmica de Mexico”, in Carlos
Marichal, and Mario Cerutti (eds.), Historia de las arandes empresas en Mexico, 1850-1930 (Mexico:
Universidad AutOnoma de Nuevo LeOn, 1997) 30; Richard Weiner, Race. Nation and Market: Economic
Culture in Porfirian Mexico (Tucson: University of Arizona Press, 2004)1 3.
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protect national technoscience. In other words, the context of Mexico’s mechanisation

during the Porfiriato was framed by fomento policy. But Fomento was another institution

within the Porfirian networks. Fomento, while interacting with other official policies,

specifically, with education and fiscal policy, created another associated conflict

between plans to educate Mexicans and to industrialize and foster Mexico’s economic

development. This conflict between policies created the context that characterised both

the social relations for the development of the FundiciOn during the Porfiriato as well as

the sociotechnical relationship between the foundry and Fomento.

Finally, it is crucial to bear in mind that while plans for mechanising Mexico

changed, as fomento policy and ideas of progress changed as well, the aforementioned

cases of prior technology translations made in Mexico by Cornish (1823), German

(1824), French (1866) and American firms (since the 1870s) took place. Some of those

translations were the direct consequence of fomento policy at the time. But also these

translations should be considered as technical background for forthcoming translations

during the late-nineteenth century. Although additional work is required to establish the

scope of development of tacit knowledge, I argue that know-how on steam engines,

abilities to repair and to cast materials, and familiarity with machine components

increased after the introduction of steam machines in Mexico. For example, the

professionalisation of the maestro maguinista or master machinist, along with many

engineering skills, took place precisely during the Porfiriato. Often times, machine

workers and railway workers organised in informal ways, such as in workshop

communities of technical practices called ferrocarrileros for the railroad workers,

mineros or mining workers, and other industrial activities involving machine workers

such as mecánicos or mechanics, and herreros or blacksmiths. Over the years,

mechanical skilled workers emerged as professional organisations of industrial workers,

leading to Mexico’s first sindicatos or union workers. Previous experiences with steam

engines and manufacturing machinery served to provide empirical and tacit knowledge

among engineers, machinists, and metal workers. Simultaneously, interplay with

machinery facilitated the bridging between national and international actor-networks

involved in machine construction by using more technical knowledge, developing

learning experiences, creating engineering journals, developing patents, and connecting

machine builders, metal workers, and other industries using machinery. Mexican
212



machinists, for example, very likely operated in networks structured around hubs of

technologically leading machinists and firms as, for example, mining or textile

factories.283 Technology translations, therefore, opened new ways for sociotechnical

synergies and associations —the combined work of metal workers, engineers, and

businessmen— that facilitated the intensive accumulation of knowledge and the

development of technical skills and workshop techniques in the country. Eventually, the

accumulation of the many engines, tools, technologies and manufacturing machinery

that were translated at different times and settings in Mexico served to accelerate or to

limit the cognitive capacities of different workers, machinists, technicians, engineers,

and more, while, at the same time, developing experience by exposure to particular

technical problems and exchanges of technical knowledge among locals and foreigners.

The analysis of the historical evolution of Fomento reveals that Mexico’s

mechanisation was shaped by different ideas and plans promoted by divergent social

groups and individual interests. It also illustrates that the role of Fomento was pivotal in

creating the material conditions for industrial development. During the Porfiriato,

Fomento grew in its range of activities and in the size of its infrastructure.284 In 1877,

four sections comprised the institution (Figure 9): Section I: Geography, Statistics and

Cartography, Colonization and Barren Lands; Section II: Industry and Exhibits, Mining

and the Mexican Mint; Section III: Bridges, Channels, Ports, Railroad, Highways,

Sewers and Drains; and Section IV: Telegraphs.

In 1882, under the charge of Secretario de Fomento Carlos Pacheco (b.1839),

there were five sections as a result of an organisational restructuring that took place to

accommodate the creation of additional departments (Figure 10). For example, Section

283 Cf. R. David Meyer, Networked Machinists. High-Technology Industries in Antebellum America
(Baltimore: The Johns Hopkins University Press, 2006).
284 This description of Secretarla de Fomento during the Porfiriato was based upon the analysis of
archival sources. See AGN, Administración Püblica Federal, Siglo XIX, Fomento, Leyes y Circulares de
Fomento (1877-1911), vols. I al 33, GuIa del Grupo Documental Leyes y Circulares de Fomento.
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I, Colonisation and Land, comprised the CompañIas Deslindadoras or Demarcation

Companies that were regulating land tenure and tenure regimes to privatize communal

lands.285 Geography, Statistics, and Cartography were transferred to the newly created

Dirección General de EstadIstica or General Statistics Office (1883) but the

Observatorio Nacional (National Observatory) was assigned to Fomento. In Section II

remained Telegraphs, Industries, and Exhibits, but, in 1892, the Mexican Mint House

and the Metric and Weight Systems offices were relocated to the Secretarla de

Hacienda (Ministry of Finance). Section III, from 1882 to 1891, oversaw Road

Construction, Ports, Bridges, Channels, Railroads, Sewers and Drains, and Public

Monuments. In 1892, the entire section was transferred to the SecretarIa de

Comunicaciones y Obras Püblicas (Ministry of Communications and Public Works).

Section IV incorporated Agriculture, kept Mining and Commerce, but the latter was

relocated in 1891 in the Secretarla de Hacienda. Finally, Section V was for Accounting

and Budget Distribution.

In 1894, Fomento developed into six more specialised sections based on the

creation of new departments (Figure 11). In Section I, there were still the usual

Colonisation and Barren Land, the recently incorporated Observatories, and two special

Geographical and Scientific Commissions aimed to promote geographical surveying and

the incorporation of scientific academies. This section also included a new whole

department called DirecciOn de EstadIstica y Gran Reqistro de Ia Propiedad (Statistics

285 During the Porfiriato the Decreto sobre ColonizaciOn y CompañIas Deslindadoras (Decree on
Colonization and Demarcation Companies) of 1883 and the Lev sobre OcuDación y Enaienación de
Terrenos Baidlos (Law on the Occupation and Alienation of Barren Lands) of 1894 shaped land policies.
The two measures sought to identify lands presumably without owners in order to incorporate them
through demarcation and sale to private parties. Some fifty, mostly US-based, companies were given
concessions to carry out the demarcation process, for which they were to receive one-third of the surface
demarcated. Between 1883 and 1910 they demarcated fifty-nine million hectares and received twenty
million hectares, or over ten per cent of the national territory, in compensation. See Willem Assis, “Land
Tenure and Tenure Regime: An Overview”, Journal of Agrarian Change 8: 1 (January 2008) 33—63 and
Hubert Carton Grammont (Coord.), Neoliberalismo y organización social en el campo mexicano (Mexico:
Plaza y Valdés, UNAM, 1996).
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and Property Registrar). Section II was entirely transformed as well, including the

annexation of section for International Exhibits, the recently created area for Industrias

Nuevas (New Industries) that oversaw Industrial Property, Patents, and Trade Marks,

and, finally, the National Medical Institute.

Section III was specialised in Mining, including Legislation (Property and Bylaws),

Coordination of State and Regional Mining Agencies, Inspectors, Contracts, Permits,

and the incorporation of the Geological Institute. Section IV concentrated in one area

General Mapping and Cartographic Plans for the country, whereas Section V was for

Agriculture, including Rural Agents, Publications and Manuals, Forestry, Fisheries and

Water Concessions. The last Section was devoted to Archives, which included the

collection of every law, bylaw, decree, contract and other legal document that Fomento

issued over the years.

As shown before, Fomento was a very diverse network that comprised many

areas of public affairs. In general, the institution grew in order to respond to the needs

of the country’s economic and industrial development. However, during the entire

period of the Porfiriato, a specialised office to promote national technological

development was never conceived. My argument is that Porlirian authorities never

understood technological development as a separate practice from that of industrial

development. The examination of fomento policy reveals that its application was

oriented to industrial development in a more or less unified manner, despite the fact that

the balance between promotion of manufactured goods and exports was constantly

changing and, often times, more inclined to foster more exports.

In consequence, Mexico’s industrial development implied more sophisticated

processes of mechanisation which in turn demanded legal protection and fiscal benefits

to sustain economic results. For instance, patents, trade marks and industrial property

laws were instrumented by around 1893, in order to guarantee, in the first place, the

optimal conditions to protect foreign capital investments, and, in the second place,

Industrias Nuevas was created to promote and protect, to some extent, the industrial

interests of national entrepreneurs through a combination of patents, fiscal benefits and

industrial property.
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In sum, this was the sociotechnological context that served as the context for

some of the intricate decisions that Fomento carried out while dealing with the

FundiciOn. The Porlirian network was committed to the administration of the nation’s

people, natural resources, and territory. The future development of Mexico was

entrusted to DIaz himself and his political machinery. However, Fomento was not an

isolated network from the political-administrative machinery; it was interacting with other

secretaries and departments that had their own dealings and goals regarding industrial

promotion, and from specific angles such as economic and educational development.

Those interactions between institutions (Hacienda or Finance, Fomento or

Promotion/Development and EducaciOn Püblica or Public Education) fostered

contradictory ways of delivering policies that ultimately had an impact on the processes

of mechanisation and industrial development during the Porfiriato. These contradictions

between policies are shown in the following station.
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Station 5.3. Administration of Material Progress

Administration was a popular catchphrase in Mexico beginning in the 1870s. It

was understood as the function of the State, and the outcome of its administrative

activities would eventually yield progress. On 29 January 1877, Jose Yves Limantour,

future Minister of Finance or Hacienda (1893 to 1911), and long associated in Porfirian

historiographies as the leader of the elite group known as the cientIficos, and also

regarded as the crafter of major economic policies that had an impact on Mexico’s

industrialisation, wrote to his nieces touring in Europe:

We have been through a long period of war, lacking organisation; however, thank
God, the last battles have ended, and the provisional government of General DIaz is
carrying out elections and the restoration of the country. Everything seems to indicate
the beginning of the new administrative period, and that we will be back to normal
soon 286

As Limantour wrote, peace and order had finally been restored in Mexico by the

hand of General DIaz. Thus the time had come for the administration of the nation at

last. Now the pen follows the sword in the beginning of Diaz’ first period in power.

Limantour’s use of this remarkable phrase, ‘new administrative period’, entitled the State

to lead in the managing of the nation—its nature, territory and people. Consequently,

this administrative task involved political planning to craft the nation as well. Limantour

envisioned a new era for Mexico, one associated with DIaz and his political machine.

As a result, the State was the primary social actor in fostering progress based on

rational administration.

286 Original text in Spanish: “Hemos pasado un largo periodo de desorganizacion y de batallas; pero ya,
gracias a Dios, estas ültimas han cesado, y el gobierno provisional del señor Gral. DIaz esta Ilevando a
efecto las elecciones de los supremos poderes y Ia reorganizaciOn del pals. Todo hace esperar que se
verifique bien Ia nueva época administrativa y que estaremos en orden pronto”. Carta de José Ives
Limantour, 1877, Limantour Correspondence 1848-1911, Benson Latin American Collection, University of
Texas at Austin.
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Over the nineteenth century, technoscientific artifacts, locomotives, steamships,

and manufacturing machinery had been seen in Mexico as foreign inventions of

progress, amusing peoples and providing futuristic visions. In Porfirian Mexico, steam

technoscience was associated with American and European locomotives. When people

thought of steam machines they had in mind a steel serpent with its black and steamy

strip crisscrossing the country’s landscape as immortalised by contemporary Mexican

painter José Maria Velasco (1840-1912). Locomotives or ferrocarriles caused

sensation and fear. Before the 1850s, the whistling, motion and speed that this

machine of progress brought to Mexico was unknown to the majority of Mexicans, as it

was uncertain how locomotives would shape Mexican economy, society and culture.

Yet Porfirio DIaz and his elite were clearly aware of the country’s economic and

political conditions and preferred to import machines and technological progress instead

of developing them internally. The general consensus among them judged that Mexico

was primitive or had no capacity for constructing machines such as engines or

locomotives. Instead, the Porfirian view eagerly adopted a French-European framework

of material progress that included architecture styles, urbanization, and technoscientific

knowledges, while combining political manoeuvres and foreign capitals. The putative

actors of Mexico’s society were surprisingly dependent on authoritative interpretations

given by scientists and technical experts both from outside and inside the national

borders. However, the Porfirian government kept ambiguous interests in the generation

of technological progress. To clarify, machines symbolised for them technology and

technology represented progress. Policies and administration to pursue such

endeavours, however, did not always reflect this philosophy, and were not consistent

with the alleged level of economic progress that the country reached by way of

industrialisation. Paradoxically, technoscientific knowledge did not spread nationwide in

response to the rise of industrial activity or in response to specific plans developed by

the State for its expansion while foreign capitalism had little direct effect on it.

Perhaps nobody more than Porfirian Minister of Fomento, General Vicente Riva

Palacio, best illustrates how the framing of the institution of Fomento took place and

fomento policy was shaped while accommodating diverse social, technical and scientific

interests defined by different groups of individuals under the patronage of the State.
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Riva Palacio was literally administering the nation’ as it is possible to visualise through

his Memorandum of 1877. Entries in this document reveal Riva Palacio’s endeavours in

diverse matters such as public sewers, railway construction, legislation with train

companies, the making of cartographic plans, use of gas as public lighting, scientific

facilities and lab equipment, exhibit of paleontological collections and the creation of a

new museum, participation in the Paris Exposition Universelle of 1878, and more. His

language was assertive, indicating the progress of each case by writing in red when the

outcome was negative or in blue when the issue was pending or completed: aprobado

(approved), arreglado (settled), terminado (finished), en obra (in progress), and so on.

Riva Palacio’s highly personalised management shows how material progress is linked

to economy, industrialisation, technological and scientific development, with all of them,

in turn, related to, or the product of, the activities of the State. In the following quote,

Riva Palacio best illustrated how the State promoted facilities for the activities of the

scientific communities:

Scientific body and academies: It is beneficial to locate a building in which these
groups have their departments, sessions, archives, and library; and in this building a
department for the polytechnic commission as well. This commission will be a society
integrated by members from each of the scientific associations, and their
representatives will be elected by them. Academy of Medicine: It requests its legal
recognition as a scientific society attached to the Secretarla de Fomento. (In red
color: settled).287

Riva Palacio’s concern went beyond simply administering the government’s

funds. He was creating a network of academic representatives of scientific and medical

communities to be incorporated into the State’s infrastructure. In consequence, State,

science, and medicine were associated partners sharing to some extent common public

287 Original text in Spanish: “Academias y cuerpos cientIficos. Es ütil ubicar un edificio para que en el
tengan sus departamentos, sala de sesiones, archivos, bibliotecas y en ese edificio un departamento
para Ia “comisiôn politécnica” que será una asociaciOn formada por individuos que represente a cada una
de estas asociaciones cientIficas nombrado por ellas. Academia de Medicina. Solicita un reconocimiento
como cuerpo legal cientIfico agregado al Ministerio de Fomento. “. Manuscripts, G558, Memorandum:
1877:3, Vicente Riva Palacio Collection, Benson Latin American Collection, University of Texas at Austin.
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interests. Riva Palacio —representing the State— was not following specific guidelines

regarding science and medicine. For the State, both bodies of expertise were part and

parcel of fomento. In the same manner, engineers were necessary as well. The

Porfirian government required those technically qualified to carry on necessary work in

infrastructure, including the construction of a harbour and a lighthouse in the port of

Manzanillo, as the next quote illustrates: “To send an engineer to prepare a budget”.288

The construction of the harbour and the lighthouse involved different social

groups including authorities and technicians working together in building public works

for the nation. The point is that fomento policy as practiced by Riva Palacio conceived

engineering and construction as synonymous, as the means to achieve the State’s

plans. Unfortunately, this quote did not reveal what technical issues were necessary to

address or if the machines and tools were imported or were available in the country.

This information might have helped to explain the level of domestic technological

capability at the time. Furthermore, even though this venture was completed with the

participation of local entrepreneurs and regional authorities, we ignore where this

engineer was educated or how he achieved his technical expertise.

In a third example, the State, pursuing goals of infrastructure, gathered at the

same time technicians and scientists, under the same initiative:

Exploring Commission for the Citlaltepec Mountain: To appoint three engineers:
Mateo Ploveres, Enrique Rodriguez, and Pedro Vigil. The Society of Natural History
will send one of their members as well. Interesting. Resources. (In blue color:
finished).289

288 Original text in Spanish: “Muelle y faro en Manzanillo. Mandar un ingeniero que haga presupuesto”.
Manuscripts, G558, Memorandum: 1877: 14, Vicente Riva Palacio Collection, Benson Latin American
Collection, University of Texas at Austin.
289 Original text in Spanish: “Comisión para explorar el Citlaltepec. Nombrar tres ingenieros. Además Ia
“Sociedad de Historia Natural” enviará a uno de sus socios. Interesante. Recursos.” Manuscripts, G558,
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In this case, the State made a call to conduct cartographical exploration in a

specific location, maybe because of railway purposes, and consequently, needed

technical advice. But this initiative was also used for the advantage of natural history,

botany or zoology. State officials, technicians and scientists developed collaborative

work and achieved diverse interests: a transportation system for economic growth;

construction plans for building a bridge; and research into local flora and fauna. Each of

the actors was mobilised under the scope of a single policy with the aim of promoting

tech noscientific participation sponsored by the State. In other words, the analysis of the

evidence suggests that Porfirian authorities did not have independent policies for

mechanisation, technology and science. It also reveals that Fomento’s bureaucracy

expanded during the Porfiriato but policies did not change from general to more

specialised guidelines even when more areas were created to deal with different issues.

Economic, industrial and technoscientific activities were centralised in one office and

under a single policy which, in turn, pursued the broad goal of progress through the

mighty hand of Porfirio DIaz.

Therefore, based on Riva Palacio’s case, technological development by itself,

and understood as the promotion of resources for national machine construction, was

nonexistent. In practice, technological development was subsumed into economic and

industrial policies. As the previous examples have suggested, different issues were

amalgamated in Fomento but the accomplishment of different social interests were

sought at the same time. The relations between social groups were shaped by the

political agenda of the State but, at the same time, the pursuance of progress shaped

the ways actors perceived their own interests. This interplay between scientific and

technical communities, businessmen, politicians, foreign investors, and the society at

large sometimes produced collaborative work, as shown in Riva Palacio’s Memorandum

Memorandum: 1877: 6, Vicente Riva Palacio Collection, Benson Latin American Collection, University of
Texas at Austin.
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of 1877. Collaborative work, however, did not ensure that professional communities, in

particular engineers and scientists, developed their own social practices and their own

level of autonomy because the State was the only source for funding their activities and

interests.

Another crucial inference that is possible to make based upon the analysis of the

evidence is that Porfirian officials believed that scientific and technological activity —in

theory—were forms of State intervention which not only promoted the development of

knowledge as such, but also incorporated practical application into the production of

goods and services. In practice, fomento policies were inconsistent with this

understanding, generating uneven development between research and applications, or

theory and practice. Perhaps the reason for approaching science and technology as a

single policy area was the Porfirian belief in the linearity of the innovation process, by

which advances in basic research (for instance, physic and mathematics) were thought

to be necessarily followed by their incorporation in new products (mechanical

applications) or production processes. Fostering the progress of science was believed

to be the way to stimulate technological development. This fact is consistent with the

great input given to positivist education after 1868.290 However, in the final analysis, the

State’s promotion of science failed to advance sufficient empirical research to foster

technological applications in production processes that could be incorporated into

Mexico’s industrialisation. The Mexican educational system was French oriented and

based on the theoretical emphasis developed by academic institutions such as La

Sorbonne and the École Polytechniciue. Thus, technical education in Mexico, from its

290 Cf. Gabino Barreda, “Carta a Mariano Riva Palacio sobre Ia instrucciOn preparatoria”, in Gabino
Barreda. Estudios (Mexico: Universidad Nacional Autónoma de Mexico, 1941) 3-67. Barreda gave focus
to mathematics, logic, physics, geography, chemistry, natural history, botany and zoology. For analysis of
the political aspects of positivism and education, see Leopoldo Zea, El positivismo en Mexico: apoaeo y
decadencia (Mexico: Fondo de Cultura Económica, 1975), Francisco Larroyo, Historia comrarada de Ia
educación en Mexico (Mexico: Editorial Porrüa, 1976), and Edmundo O’Gorman, Seis estudios histôricos
de tema Mexicano (Mexico: Universidad Veracruzana, 1960).
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inception during the Porliriato, was more theoretical and less empirical. This theoretical-

empirical divide would have direct consequences for the Mexican development of

mechanical applications, in general, and for the establishment of machine constructors,

in particular. Due to their nature and importance, such consequences are discussed

later. In the meantime, Porlirian intellectuals and politicians translated into Mexico the

same French educational model that, years before, had little impact in developing the

machine building sector in France, despite the high level of theoretical analysis of

machines, advanced mathematics, and the creation of descriptive geometry and

kinematics that the Polytechnigue was capable of delivering.291

The Porfirian State was a machine of centralised power. Better yet, Porfirian

institutional building can best be illustrated as national networking. More entities,

institutions and social groups were connected to the Porfirian network. Within this

centralised network, technoscientific activities and knowledges were instrumental for the

government. Cases in point were mapmaking, statistical census, and geological

exploration.292 In consequence, scientific and technical communities became

bureaucrats subordinated to the State’s network and infrastructure. Considering the

subordinated nature of technology within economic progress, national technoscientific

projects or industries received ambiguous support from fomento policy. A case in point

that substantiates this argument and illustrates how the state failed to promote and

protect national industry is the FundiciOn de Sinaloa. Concurrently, while the federal

government secured foreign investments, politicians were showcasing Mexico as a

291 See Chapter-Station I of this study for analysis on the French engineering culture and the
development of theoretical paths on machine building. See also Appendix 2.
292 Cf. Luz Fernanda Azuela Bernal, Tres Sociedades CientIficas en el Porfiriato (Estado de Mexico:
Universidad Tecnologica de Nezahualcóyotl, 1996). Azuela Bernal develops the interpretation that
scientific progress, on the one hand, and, on the other, technological development was achieved during
the Porfiriato. In my view, Azuela Bernal’s attempt to harmonise Porfirian efforts is far from what the
historical evidence suggests. However, the volume provides an original focus on the role of mapmaking
and statistics, including analysis of the process of institutionalisation of science and technology or, in
other words, the social organisation of knowledge and the role of the DIaz regime.
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modern, civilised, orderly, and stable society, mainly during the country’s participation in

the World’s Fairs celebrated during the late nineteenth century.293 Yet the material

progress achieved was not entirely a façade. In Mexico, Porfirian officials advanced the

building of infrastructure, mainly railways, and the introduction of steam engines,

manufacturing machinery and, later, electricity. These activities integrated the industrial

frame that was holding Mexico’s economy. But industries were using foreign machines

and techniques, and, as a consequence, they demanded skilled workers, technicians,

machinists, engineers, servicemen, and the like. In other words, the industrial framing

was not home-made in its entirety.

For this reason during the Porfiriato the social organisation of knowledge can be

explained in quantitative and qualitative terms. More schools, academies, hospitals,

institutions, and the like were built. Education, however, was more theoretical than

practical and less engaged in specified manual occupations or trades. In other words,

less emphasis was given to technical applications.294 In 1881, Manuel Gutiérrez Nájera

wrote a very descriptive newspaper note about the theoretical-empirical divide that was

current at the time, using the Darwinian biological cannon of the survival of the fittest.

Gutiérrez Nájera clearly said that what Mexicans needed in the struggle for life was

more technical education in order to compete (survive) with American workers:

It is an axiom of biology that the strongest beings survive at the expense of the
weakest. Thus, it is urgent to strengthen our indolent race with education in
preparation for that combat, for the struggle for life that Darwin talks to us about.
How? By putting more barriers to literary careers and by extending, by all means

293 Mexico’s participation in the world’s fairs was explored in previous pages of this chapter-station.
294 For analysis on the technical education during the Porfiriato, see Maria de Ia Paz Ramos Lara, and
Rigoberto Rodriguez BenItez (Edits.) FormaciOn de Incienieros en el Siglo XIX (Mexico: Universidad
Nacional Autónoma de Mexico / Universidad AutOnoma de Sinaloa: 2007). See also MIlada Bazant, “La
Repiiblica Restaurada y el Porfiriato”, Historia de rofesiones en Mexico (Mexico: El Colegio de Mexico,
1982) 177-189, and also from the same author, “La enseñanza de Ia ingenieria durante el Porfiriato”, in
Josefina Zoraida Vázquez, La educación en Ia historia de Mexico (Mexico: El Colegio de Mexico, 1992)
69.
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possible, practical studies, engineering, regional schools; but on top of everything, by
erasing that ridiculous Ananke295 that weights over commerce and industry
precluding our prosperity and development. Indeed, we have lost already a lot of
terrain: commerce is in German hands; industry in Spanish hands and railways are
built under the shadow of the American flag. [...]

What will save us from annihilation would be a more practical education and less
abstract, exempted from concerns of nobility and appropriate for developing the
muscles at work. Mexicans are intelligent enough for assimilating all ideas and to
imitate for their advantage all type of industries. The only thing we are missing is the
willingness. [...] (Emphasis given in the original)296

Indeed, for Gutiérrez Najera the boundaries between necessity and fate had to

be challenged. The positivist conception of the curriculum ignored the necessity for

problem-setting and the uncertainty, complexity, and diversity that are embedded in

work practices. In addition, this type of education was based on the liberal ideology that

promoted national identity above technical knowledge. Furthermore, Gutiérrez Nájera

295 In Greek mythology, ‘Ananke’ was the personification of destiny, necessity and fate, depicted as
holding a spindle. See Karel van der Toorn, Bob Becking and Pieter Willem van der Horst, Dictionary of
Deities and Demons in the Bible DDD (Leiden; Boston: Brill; Grand Rapids, Michigan: Eerdmans, 1999)
36-37.
296 Original text in Spanish: “Es un axioma de Ia biologIa que los seres más fuertes tienen de vivir a costa
de los débiles. Precisa, pues, vigorizar con Ia educaciOn nuestra indolente raza para adecuarla a ese
combate, a ese struggle for life de que nos habla Darwin. cCómo? Poniendo más trabas a las carreras
literarias y extendiendo por cuantos medios sean posibles, los estudios prácticos, Ia ingenierla, las
escuelas regionales; borrando sobre todo ese ananké ridIculo que pesa sobre Ia industria el comercio,
con mengua de nuestra prosperidad y desarrollo. Ya hemos perdido en verdad mucho terreno: el
comercio está en poder de los alemanes; Ia industria en manos de los españoles y los ferrocarriles se
construyen a Ia sombra de Ia bandera americana. [...j Una educación menos abstracta y más práctica,
exenta de preocupaciones de nobleza, propia para desarrollar los müsculos en el trabajo, nos salvaria de
este aniquilamiento. Sobra inteligencia a los mexicanos para asimilarse todas las ideas e imitar con
ventaja todas las industrias. Lo ünico de que carecemos es de voluntad. [...]“. Manuel Gutierrez Nãiera,
Obras XIII. Meditaciones PolIticas (1877-1894), “Los buenos tiempos”, El Nacional, año II, nüm. 108 (17
de marzo de 1881) 1. Edit. Yolanda Bache Cortés (Mexico: Universidad Nacional Autónoma de Mexico,
2000) 85. In Greek mythology, Ananke was the personification of destiny, necessity and fate, depicted as
holding a spindle. It also appears in myth and philosophy as a binding force. Cf. Janet M. Atwill, Rhetoric
Reclaimed. Aristotle and the Liberal Arts Tradition (Ithaca, New York: Cornell University Press, 1998) 62.
Also see Gutiérrez Nájera’s discussion on the importance of the federal budget for national education in
his newspaper chronicle “La instrucciôn pUblica y los presupuestos”, El Nacional, año II, nüm. 137 (26 de
mayo de 1881) 1, in Manuel Gutiérrez Náiera, Obras XIII. Meditaciones Politicas (1877-1894).Edit.
Yolanda Bache Cortés (Mexico: Universidad Nacional AutOnoma de Mexico, 2000) 103-105.

225



warned his readers that foreign workers and businessmen were already ahead of

Mexican businessmen and workers. But perhaps the main focus of his note was on his

critical evaluation of the generalised Mexican ideology that diminished technical

education, considering manual work only suitable for the lower classes. Social status in

Porfirian culture was achieved by intellectual education or by the consensus of those

professions deemed acceptable as, for example, medicine, law and the military. Nobility

aspirations, as Gutiérrez Nájera critically stated, was an impediment to achieving a

more practical education.

In contrast to Gutiérrez Nájera’s view, the same Mexican authorities who put in

practice the country’s educational policy deemed Mexican engineers and technicians as

not well prepared or as lacking the necessary skills and work experience. Certainly,

engineering education was more theoretically oriented and less empirical or practical.

In addition, Mexican and foreign businessmen, because they were using foreign

machines and know-how, brought their own engineers and skilled workers from the

United States or Europe. As a result, Mexican engineers and technicians were

continually displaced from working in the national industries and public works by their

foreign colleagues or their incorporation was limited. In 1909, Mexican sociologist

Andrés Molina EnrIquez described this sociotechnical clash between Mexican workers

and American and European workers as a racial clash and less as an educational

conflict or involving skills. Molina EnrIquez said that Mexicans deemed norteamericanos

or United States workers as a “superior race”, and ranked in second place euroreos or

European workers. In any case, both groups were considered better than Mexican

workers. He went on to say that

[...] The foreign element has among us the character of an invited guest, prayed for,
and received as the one doing the favor and not receiving anything in return; hence,
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that is why we make an effort to make their visit a pleasant one, with the hope, on the
one hand, of the benefits that this visit might bring about for us [•••]297

Molina EnrIquez’s description of the alleged racial superiority of nortearnericanos

as compared to Mexican workers was based on Mexican’s own prejudice and without

technical criterion. However, when he compared Mexican workers to each other, for

Molina EnrIquez, ferrocarrileros or railway workers were at the top of the technical

scale, followed by construction workers, machinists, electricians, mechanics, and other

sorts of industrial workers such as service men. Ironically, the country’s mechanisation

was transforming the social fabric and creating high demand for skilled workers. This

sociotechnical conflict was partially resolved with the incorporation of engineers and

technicians educated in Mexico into the government’s expanding bureaucracy.

Nevertheless, their participation in public works and industries was limited. Eventually,

engineering communities in Mexico had two options to choose from when deciding

where to practice their profession, that is, either the State or the private sector.

The Porfirian state, in the words of Francisco Bulnes (Minister of Foreign Affairs

during the Porfiriato, and educated in Mexico as mining engineer), “was always greedy

regarding science”.298 Bulnes’ remarks counterbalance the general assumption that the

Porfirian State was a type of scientifically informed elite whose political credo drove the

material progress of the country. The basics of fomento policy, to promote and to

297 Original text in Spanish: [...] el elemento extranjero tiene entre nosotros el carácter de huésped
invitado, rogado, y recibido como quien da favor y por su parte no lo recibe. De allI que nos esforcemos
en hacerle grata su visita, con Ia esperanza, por una parte, de los provechos que de esa visita nos
resulten [...]. Andrés Molina EnrIquez, Los grandes problemas nacionales (Mexico: Imprenta de A.
Carranza e hijos, 1909) 214.
298 Cf. Francisco Bulnes, The Whole Truth About Mexico. President Wilson’s Responsibility (New York: M.
Bulnes Book Company, 1916) 37. To contrast Bulnes own perception, the Organization for Economic Co
Operation and Development, in their 2008 Report of Main Science and Technology Indicators, vol.2,
stated that Mexico’s gross domestic expenditure in research and development as a percentage of the
gross domestic production was 0.4 percent. This means that Mexico was at the bottom of the list of fifty-
two countries regarding expenditure in research and development. See the report online at:
http:IIwwwoecdorgIhome/.
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protect the development of national industry, were at odds with the economic policy of

attracting foreign capital to Mexico. Furthermore, economic policy contravened not only

the protection of domestic industries but the rudimentary technical education policy as

well while creating more sociotechnical inequality between professional groups. The

conjunction of these antagonistic visions of fomento and material progress precluded

many national attempts to create technological capabilities, including the exceptional

case of the FundiciOn. In sum, fomento policy, in theory, worked well, but in practice,

although it produced positive results, at the same time it had negative side effects, the

principal of them being the neglect of promoting national machine construction and the

development of more empirical technical education. To clarify, fomento had negative

interactions with economic and educational policies.

As shown before, the mechanisation of industries in Mexico shaped the ways that

social groups perceived progress. Material progress was professed to be represented

in the circulation of more manufactured goods; in the betterment of the national

economy; and in the restoration of the country’s status as a civilised society among the

nations of the world. Ideas of progress were associated with technoscience in the form

of machines. On top of these representations of material progress was the Porfirian

machine, centralising all forms of administrative tasks and dispensing benefits based on

personal ties and networks between other social groups nationwide. This was the

context that characterised the negotiations for the Contract of 1888, between the

FundiciOn and the Secretarla de Guerra y Marina (Secretary of War and Navy), at the

beginning, and later, with Fomento. Thus, this government contract represents the

historical space where negative interactions between policies and different

understandings about machines, in particular, and technoscientific artifacts, in general,

were expressed.
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Station 5.3. Contested Space: The Government Contract and the Fundición

In 1888, SecretarIa de Guerra y Marina negotiated a business contract with

Sinaloa industrialist JoaquIn Redo.299 The general aim of this contract was to repair and

build steam engines and boilers for steamships. However, the contract by itself

provides few clues about the reasons why the Mexican Navy may have initiated that

request. Perhaps the Navy desired the promotion of naval machinists and the creation

of a national shipyard in the Pacific coast that would be used for navy and commercial

vessels owned by the federal government. Yet, based upon the analysis of this

document, it seems that Redo’s initiative, not the Government’s plans, motivated such

negotiations. Redo’s six-page long introduction to the Contract of 1888 suggests that

he was behind the intellectual conception of such transactions. In other words, the

contract was more a special deal between the government and a private industrialist.

In this way, from the beginning, any of the concessions granted to J. Redo in the

contract could have been interpreted as special privileges. As a result, such privileges

may have restricted the Government’s liberty to modify them. At the time, the scope

and duration of the tax and tariff exemption status was based upon discretionary

incentives such as exclusive privileges including special franchises.30° In this particular

case, the Contract of 1888 can be characterised as one providing special privileges but

not granting exclusive rights. This means that the government did not grant exclusive

privilege to J. Redo to be the sole provider of steam machines. Also, potential

competitors were not excluded from the market by fomento policy, or other fiscal

mechanisms of government enforcement.

299AGN-FIN, box 14, file no. 5, printed copy of: Contrato celebrado entre Ia Secretaria de Guerra y Marina
y el señor D. JoapuIn Redo para el establecimiento de un Arsenal y Fábrica de Máguinas y Calderas en
el Puerto de Mazatlán (Mexico: Antigua Imprenta de MurguIa, Portal del Aguila de Oro nümero 2, 1889)
1-24.
300 Cf. Beatty, Institutions and Investment 136-137.
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In particular, it is not clear why Redo’s first strategy in order to negotiate this

contract was to buy machinery from the government itself. The machinery in question

was located in the Arsenal of Acapulco that was built during the administration of

President Manuel Gonzalez (1880-1884). Consulted documents did not reveal how

Redo had knowledge of the existence of this machinery. Neither is the specific nature

of the contents in the Arsenal specified. However, the contract suggests that the

purchasing of such machinery was used by Redo as business leverage for negotiating

his own interests. Furthermore, Redo claimed that this negotiation was to the

advantage of the Mexican government. The Mexican Navy, in exchange for selling inert

equipment, would receive steam engines, boilers, repairs and maintenance of vessels

by spending only in labor and materials. In return, Redo would obtain some profits and

fiscal benefits. He requested tax and tariff exemptions, including import duties on

construction materials for steam machines and other supplies for repairing vessels. But

J. Redo did not negotiate in this contract any provision to further protect his enterprise

from foreign competition, in particular, from American machine builders. This

remarkable omission of legal protection, in combination with the scope of the fiscal

benefits, would be the subject of tensions between the government, Redo, and later, the

FundiciOn.

As shown before, the nature of the contract was based upon a quid pro quo. The

main condition established was that J. Redo would have to buy the Arsenal’s machinery

and construct a shipyard in Mazatlán no later than a year after the contract was passed

by the Mexican Congress. In fact, the shipyard in question was built two years later and

in Guaymas, most likely because J. Redo, at the time, owned steamships that could

benefit from the shipyard as well.

The government’s offer included a package of fiscal benefits and profits derived

from repairs and the construction of steam machines. J. Redo was granted tariff

exemption for a period of fifty years, on all import duties applicable to materials and

machines relative to the manufacturing of steam engines, boilers, and the maintenance

and repair of navy vessels. To make this tariff status effective, fiscal policy required the

intervention of Secretarla de Hacienda y Crédito Püblico or Ministry of Finance and that

of Secretarla de Fomento. Hacienda dealings were with economic policy, in this case
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revenue. The intervention of Fomento had to do with direct promotion of Mexico’s

industrial development.

The government’s restrictions for granting tariff exemptions included the

following. Firstly, that imported goods should not exceed the annual amount of $20,000

pesos. Secondly, after the contract’s expiration date, the company established by J.

Redo would no longer be eligible for tax exemptions, even if in previous years the total

amount of imported goods did not exceed the fixed amount of $20,000 pesos. Thirdly,

J. Redo and his company would have to present lists of those required materials that

would be subject to tax exemption for approval by Hacienda that, in turn, would instruct

the Mazatlán Customs accordingly.301 Fourthly, shipments transporting the imported

goods approved by Hacienda would also be waived of port duties only when carriers

transported the goods in question. This provision included all cargo vessels owned by

Redo as well but it was limited to the nautical route between the ports of Guaymas,

Sonora, and Mazatlán, Sinaloa. Regarding the machinery purchased from the Arsenal

of Acapulco, J. Redo agreed to pay fifty percent of its value based upon the technical

appraisal made Cornel D. Flaviano Paliza, technical inspector appointed by the

government. The official valuation was set at $100,000 pesos. However, documents

consulted did not clarify if Redo’s final amount to be paid was $50,000 pesos or another

amount.302 In the future, this imprecision in the payable amount to the government and

the fifty year tax exception period intensified the problems between J. Redo and the

government agencies dealing with the contract.

As agreed, the useful machines and materials left in the Arsenal of Acapulco

were to be delivered to J. Redo within a period of six months after the contract was

301 AGN-FIN, box 16, file no. 26, SecretarIa de Hacienda y Crédito Püblico, Establecimiento de
procedimientos aduanales cienerales y de fabricación para maguinarias y calderas, 14 de noviembre
(1891)1-4.
302 AGN-FIN, box 14, file no. 1, Secretaria de Marina, Sección de Buques de Guerra and JoaquIn Redo.
Reparación de buciues propiedad de Ia naciOn. Venta de maguinaria y calderas, 21 dejunio de 1891.
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formalised. Again, documents consulted did not reveal is delivery took place during the

established period. However, because no documents were found presenting any

objections, it is fair to say that machine delivery from the Arsenal to J. Redo went

ahead.

In order for J. Redo to pay for the purchased machines from the Arsenal, the

government agreed to deduct from the official appraisal (whether $50,000 or another

amount) the payments derived from both repairs made to navy vessels and from

engines and boilers produced by J. Redo and his company. Costs would include

exclusively labour and materials. Labour fees and materials would be paid to J. Redo

as royalties or primas and were set as follows: for repairing sailing vessels under one

ton, $25 pesos; for steam vessels of thirty tons built in Redo’s shipyard, $50 pesos; and

for each horsepower unit generated by engines and boilers manufactured by Redo, the

payment was $40 pesos.303 The tracking of payments of primas would be another

source of conflict between Redo and the government because of frequent

miscalculations.

Contract negotiations were finalized on 21 November 1888 and the contract was

passed from Guerra y Marina to Hacienda and then to Fomento respectively. Redo

paid $10,000 pesos as the performance bond required by the government to guarantee

satisfactory completion of the project. Among the benefits obtained by the Mexican

government were some revenue in selling inert machinery; the construction of a

shipyard at a time that the government could not afford this project; and the local

manufacturing of steam engines and boilers that would reduce operation costs by

303 AGN-FIN, box 14, file no. 2, SecretarIa de Hacienda, Tesorerla General de Ia FederaciOn, Relaciôn de
máquinas y calderas fabricadas por Ia comDania Nacional de construcciones Mecánicas del 29 de
diciembre de 1891 al 19 de mayo de 1893 y de las primas concedidas. The report was based on
technical certificates issued by engineer Natividad Gonzalez (appointed as the government’s inspector)
that accounted for the construction of eight engines and three boilers. The combined total for payable
primas on behalf of Redo or construcciones Mecánicas was $21,160 pesos. Redo later disputed these
amounts arguing that calculations were wrong, and that he did not receive full payments in due time.
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gradually substituting for foreign imports of machines. Fomento, in the process of

interacting with Guerra y Marina and Hacienda, became aware of the existence of the

FundiciOn.

As indicated before, two years after the contract was approved, in 1891, J. Redo

desperately needed to fulfill his legal obligations. In consequence, his only choice was

to join forces with the partners of the Fundición de Sinaloa (Francisco Echequren

Hermana y Sobrinos and Aleiandro Loubet y Comnania). At the time, they were the

only national industrialists that had developed the machine building system necessary to

guarantee the requirements set by the Mexican government.

At the beginning, for fiscal and technical reasons, the production of steam

engines and boilers was integrated into two separated process. For this purpose, on 22

July 1891, J. Redo established his ComrañIa Nacional de Construcciones Mecánicas to

manufacture boilers. The establishment of the ComrañIa was aimed to facilitate legal

transactions between Redo and the SecretarIa de Guerra y Marina. In principle, J.

Redo was appointed as the primary contractor and was responsible for controlling the

entire machine building process. However, in practice, Redo and Echeguren agreed

that Loubet would be the technical manager for the production of both engines and

boilers.

By creating a new business partnership with the Echegurens and Loubet, Redo

introduced to the FundiciOn de Sinaloa the concessions that he had negotiated in the

Government Contract of 1888. These concessions were, in principle, of some

relevance for the existence of the FundiciOn. As shown before, the contract provided

additional tax cuts and duty exemptions in imported goods relative to machine building.

In the short term, these fiscal benefits represented the reduction of production costs that

could increase the large-scale manufacturing of engines and boilers. But, in the long
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run, the benefits offered by the government did not include the protection of the ES from

foreign machine builders. Current fiscal policy granted tax cuts to anyone who

introduced foreign machines into Mexico.304 As a result, this fiscal benefit increased the

amount of competitors in the market of machine constructors.

Eurthermore, political disagreements between officials in the Mexican

government were centered on the role of Fomento. In particular, Fomento and

Hacienda secretaries began discussing plans to harmonise fiscal policy by establishing

a legal frame for negotiating contracts with private firms. The idea was to avoid special

concessions and fiscal privileges that would interfere with the promotion of industrial

development.305 Such internal negotiations, aimed to stimulate the creation of more and

new industries in Mexico, were not free of contradictions. On the one hand, the

promotion of national industrialisation was taking place vis-à-vis encouraging more

acquisitions of foreign steam machines. On the other, Fomento did not provide special

fiscal protection for national machine builders against foreign competitors introducing

their products in Mexico.

This context created fiscal, industrial, economic and technical problems that were

not easy for the government to balance. In addition, American interests, benefiting from

fiscal and fomento policy, exerted a great deal of pressure on the Porfirian machinery to

maintain the status quo. In practice, fomento policy was more aligned with American

and European market expansion in Mexico, and less with the country’s development of

machine and tool construction. But the main reason to explain the ambiguity of the

304 Cf. Consular Reiorts, United States of America, Department of State, 296, 1905: 19. From 1890 to
1900, import duties payable on machinery, tools, materials and supplies were exempted for one time only.
Beginning in 1901, import duties were refundable provided that the machinery was installed within six
months after entering the country. In addition to this fiscal policy, fomento policy encouraged patent laws
to protect foreign technoscience and machines in Mexico. For a great analysis about fomento policies,
their scope and duration see Edward Beatty Institutions and Investment. The Political Basis of
Industrialization in Mexico Before 1911 (Stanford, California: Stanford University Press, 2001) 136-1 58.

305 Cf. Beatty, Institutions and Investment 137.
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Mexican policies regarding machine construction was expressed in the views and ideas

that Porfirian officials had about technology and machines. In general, officials and

bureaucrats working in the networks of Fomento did not look at steam engines as

inventions, nor as innovations, and not even as new artifacts introduced into the

country. Rather, machines meant for them foreign technologies, industrialisation,

economic growth, promotion of domestic manufactures, and ways to increase

government revenue. The analysis of Mexico’s patent law also reflects how Porfirian

officials envisioned technology and machines. By around 1890, inventions, innovations

or new applications qualified within the legal frame of Mexico’s patent law and were

subject to property rights. But in general, patent law sought to encourage investment in

foreign technologies and machines rather than investment in national invention,

innovation or new applications. 306 Such understandings opened a possible avenue that

might have facilitated the protection of the FundiciOn from foreign competition by

recognising property rights.

In taking stock of the achievements of the FundiciOn by 1891, evidence in

previous chapters has shown that technological adaptation was carried out in the

workshops of the foundry in Mazatlán. But the adaptation of foreign technologies to suit

local conditions was not even considered as part of the legal framework of patent law.

In practice, evidence also shows that patents did not encourage national inventions or

the creation of machine builders, nor did they affect the decision of foreign investors to

establish their firms and technological systems in Mexico. In sum, this analysis has

made clear that the Contract of 1888 was a simple deal between the Mexican

government, and, at the beginning, an individual, and later, a machine builder. It also

reveals that Mexico’s industrial development did not involve or consider technical

adaptation, otherwise that would have precipitated a reevaluation of the relationship

between the Fundición and the government’s economic plans. For Fomento officials, as

306 Cf. Beatty, Institutions and Investment 104, 114.
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for all those outside of this relationship, the sociotechnical implications of the FundiciOn

to the country’s technological development were never visible or resented.

By 1898, the government was advancing its plans to modify the original fiscal

privileges of the Contract of 1888. Thus, Fomento, trough a series of measurements,

first communicated to J. Redo the intention of purchasing the shipyard he built in

Guaymas.307 The price for this acquisition was set at $106, 000 pesos payable to J.

Redo by monthly installments of $ 4,000 pesos. Technically, the government was

looking to forfeit the Contract of 1888. Accordingly, in 1897, a new contract was

elaborated which included modifications to many of the previous provisions agreed in

the original contract. The most significant modifications were as follows. The tax

exemption period of fifty years was to be terminated on 30 June 1906. This meant

eighteen years of effective tax exemption. The payment of royalties was reduced by

twenty-five percent: from $40 to $30 pesos per horsepower units produced. The annual

amount for imported goods exempted of taxes changed from $20,000 pesos to $8,000

pesos. Redo agreed to collect royalties that would not surpass the annual amount of

$15,000 pesos as well. Finally, completion of payments for the sale of the shipyard was

on 4 January 1903. However, the government had 13 February 1899 as the completion

date. This and other ongoing administrative misunderstandings raised discrepancies

between Redo and Fomento authorities.308 By 1897, however, Redo was already

complaining about the tariff situation regarding imported goods relative to machine

building. In a letter he addressed to Secretario de Hacienda Limantour, he essentially

307 AGN-FIN, box 14, file no. 1-27, Contrato de compra-venta del varadero y taller auxiliar, dependencias
y accesorios establecidos en Guaymas, Sonora. Anexo del 18 de marzo de 1897 relativo a las
modificaciones al contrato original del 21 de junio de 1888 por el Secretario de Fomento, 19 de octubre
de 1897. This document was dated 23 February 1898.
308 Letter from Joaquin Redo addressed to Secretario de Estado y del Despacho de Fomento, AGN-FIN,
box 15, 26 March 1903, 13 pages. In this document Redo summarized his entire business relationship
with the Mexican government, including the Contract of 1888, the shipyard, and provided detailed
accounts of the different amendments made over the years. In this document Redo expressed his
disagreement with the reduction of tax and tariff exemptions but his aim was to renegotiate payments.
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argued that the status quo with high tariffs on metal parts and no duties on whole

machines was “equivalent to having a decree that says that it is forbidden for Mexicans

to build steam machines.”309 Redo went on to say that while not getting any movement

on the tariff issue, the free import clause of his contract (that of 1888) was helpful but

“insufficient to compete” in the market, and consequently the primas or royalties were

essential to enable him to compete against imported machines. In addition, Redo’s

letter also reveals that the Mexican government, despite being aware of Redo’s claims,

did nothing to correct the fiscal status of the FundiciOn. This document also helps to

contextualise and support previous claims made about the lack of fomento policy to

encourage national technological development through machine construction.

In this context, for the Mexican government, in general, and for Fomento, in

particular, most of the complexities of the machine building carried out in the Fundición

were invisible. For the Secretarla de Guerra y Marina, the FundiciOn was a local

contractor to supply the construction of steam machines, maintenance and repair of

vessels. It was relatively cheap as compared to the American shipyards and machine

manufacturers regularly used for these endeavors.310 For Hacienda, the Fundición was

another business exempted from paying tariffs on the import of foreign goods relative to

machinery and, therefore, lesser revenue to collect and more paper work for monitoring

the activities of the foundry. For Fomento, the ES was another industrial business that

was bringing into being the modernisation of the economy, but it was not a strategic

manufacturer of machines that would lead to Mexico’s technological autonomy. For the

Echegurens, the Redos and Loubet, the Fundición was another business in their

consortium. The foundry represented investments that eventually would yield capital

309 Original text in Spanish: “[...] equivale sencillamente también a un decreto que dijera: se prohIbe a los
mexicanos hacer calderas de vapor.” CEHM Carso, Fondo CDLIV. Manuscritos de José Yves Limantour.
Carpeta 1/19 (Segunda Serie) 1901. Secretarios de Estado: 1897.
310 AGN-FIN, box 14, file no. 1-27, SecretarIa de Guerra y Marina. Importaciones de maciuinaria de
Chicago, Estados Unidos. The report included a brief list of imports regarding machinery from Chicago,
United States, via El Paso, Texas.
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returns. For them, the machine building was not an enterprise to foster innovation and

technoscientific development, but to produce steam machines that would compete in the

national market. For Mexican industrialists, the FundiciOn was a cheap option of

acquiring the engines that would power up their imported manufacturing machines

instead of importing European and American steam engines and boilers. For the

Workers and Employees of the FundiciOn, it was a better work place to learn technical

skills and obtain better wages,311 in comparison with other factories and workshops in

Sinaloa.

At the same time, however, the FS was a relatively simple business to each of

those other government offices and groups of individuals. But this simplification

involved in the operations of the foundry was reciprocal: all those who were outside the

Fundición, in turn, were simplified as well. As a result, Hacienda was a bureaucracy

with a wide range of concerns and procedures. Fomento represented another

administrative bureaucracy with fiscal and policy concerns, a necessary entity that was

reduced to a single function, that of paying primas or royalties. Finally, Guerra y Marina

was another client to be supplied, in addition to the other national clients that purchased

engines and boilers from the ES.

This process of reciprocal simplification had different perspectives and results.

One side is expressed from the point of view of the business partners, workers and

employees of the foundry. A second side is contemplated from the point of view of

government agencies and industrial clients of the FundiciOn. For all groups, despite

their positions, the nature of their relationships was understood as a series of

transactions. Some of these took the form of economic exchanges. For example, in

return for the payment of royalties, the ES would provide working engines and boilers

311 Cf. Chapter-Station 2 in this dissertation. In 1898, skilled workers at the Fundición made between $3 to
$4 pesos per day, whereas apprentices made between $1 to $1.50 pesos per day.
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that had to be certified by mechanical engineers appointed by the government. Other

transactions were political in character. In return for a demonstrated need for nationally

built engines and boilers, the fiscal objections imposed to the FS by Fomento may have

been overruled. Yet other transactions were defined technically, as Fomento’s

contracting provisions in exchange for the construction of engines and boilers. Finally,

there were other economic transactions that operated each time local industrial

businesses ordered machines from the Fundición.

The sum of all transactions comprised the sociotechnical relations between all

groups, beginning with Loubet, and including all machinists and technicians who worked

inside the workshops of the foundry. They were followed by the Echegurens and the

Redos who worked outside the workshops to create the necessary networks to support

the machine system of the FundiciOn. Their networking efforts and system-building

actions included their relationship with Guerra y Marina, Fomento, and Hacienda,

employees, workers, foreign machine builders, and so. It is also important to note that

the activities of the ES were shaped not only by the transactions leading to reciprocal

simplification but also by the actors that entered into transactions with this foundry. This

shaping operated into a variety of ways and often the formulated interests of actors

were redefined over time.

To conclude this chapter-station, based on the analysis and interpretation of the

negotiations between the FundiciOn and Porlirian officials, and the historical process of

the country’s mechanisation, there are some considerations that require further

examination. From the perspective of the historical process of Mexico’s mechanisation,

the case of the EundiciOn represents many things. Since the debates of 1803, that took

place in the Real Seminario de Minerla —presided then by Francisco De Elhuyar—

relative to the introduction of English steam engines or the local production of steam

machinery to be used in the mines of Mexico, the Fundición de Sinaloa, more than

seventy years later, was the first Mexican business to successfully adapt foreign steam

engineering for building engines, boilers, tools, and other machinery. From the point of

view of fomento policy, the machines built at the Fundición were concrete artifacts

promoting the advancement of national industry. From the perspective of

understandings of material progress, machine builders from the FundiciOn were creating
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material conditions for the production of more manufactured goods and the betterment

of Mexico’s economy. For Porfirian officials, however, the FundiciOn was another

business. From top ranking ministers in the Porfirian cabinet to office bureaucrats; from

the governor of Sinaloa to local authorities in Mazatlán; in other words, from federal to

state and local authorities, few considered the foundry as a national participant in the

process of mechanisation of the country’s industry. Although some fiscal incentives

were allocated for the benefit of the Fundición, as shown before, the fomento premise of

protection of national industries failed to secure the future development of the machine

builder.

On the national level, fomento and economic policies created sociotechnical

complications. To persuade and attract foreign capital and machines, investors

received from the Mexican government tax cuts, protection of their patents, and

exemptions from import duties. In such a way, Porfirian officials secured modern

machines and capital necessary to foster national industrial progress.312 In this context,

the FundiciOn, as many other businesses of the time, received from the government (at

the local and federal levels) some fiscal incentives, tax cuts, and a period of exemption

from import duties. But fomento policy did not protect the FS from foreign machine

builders of engines and boilers that were their direct competitors. The FundiciOn, in

addition, never registered any patent for inventions or innovations based on steam

engineering. As a result, the FundiciOn never was included under the protection of the

312 Cf. Ciro Cardoso et al (Ed.) Mexico en el siglo XIX (1821-1910): historia econômica y de Ia estructura
social (Mexico: Nueva Imagen, 1980); Marcello Carmagnani, Estado y mercado: Ia economla Ublica del
liberalismo mexicano, 1850-1911 (Mexico, D.F.: El Colegio de México/Fondo de Cultura Económica,
1994); Mario Cerruti, BurquesIa y capitalismo en Monterrey 1850-1910 (Mexico: Fondo Editorial de
Nuevo LeOn/Universidad Autónoma de Nuevo León/SecretarIa de Educación, 2006); Aurora GOmez
Galvarriato (Coord.), La industria textil en Mexico (Mexico, D.F.: Instituto Mora/Colegio de
Michoacan/Colegio de Mexico? Instituto de Investigaciones HistOricas-UNAM, 1999); Leonor Ludlow and
Carlos Marichal, Banca y poder en Mexico, 1800-1925 (Mexico: Grijalbo, 1986); Paolo Riguzzi, “Los
caminos del atraso: Tecnologia, instituciones e inversiOn en los ferrocarriles mexicanos, 1850-1900”,
Eds. Sandra Kuntz Ficker and Paolo Riguzzi, Ferrocarriles y vida econOmica en Mexico. 1850-1950: Del
surgimiento tardlo al decaimiento precoz (Mexico: El Colegio Mexiquense, 1996).
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patent law reform of 1890 that led to the creation of the Fomento program of Industrias

Nuevas. By means of this program, the ES might have obtained additional federal

support in the form of tariff protection or concessions such as temporary tax-exempt

status. A plausible explanation to understand why the Fundición did not register patents

was that fomento policy lacked a distinction between new enterprises and technological

adaptation. The law did not contemplate machine building activities as performed by

the Eundición. In theory, the foundry was not producing innovations but rather copying

foreign steam machines. Nevertheless, the provisions that defined new industries as

activities novel to the country were applicable to the Fundición simply because no one

else in the country was producing steam machines. Such a contradiction reveals much

about the goals and limits of Fomento. As explained in Chapter-Stations 1 and 2, there

were many conditions that allowed the machine builders and business partners of the

Fundición to achieve machine construction but Mexican law cannot be included as one

of them in this particular case. Better yet, Fomento officials eagerly removed the

original concessions granted to the foundry through the Contract of 1888 and, instead,

aligned with the new Fomento and Hacienda legislation of 1890, they offered limited

support and reduced the extent and length of the tax and tariff exemptions. In general,

Porflrian officials focused more on promoting industrial activity, thus limiting the

protection of national technological development and the construction of machines.

Considering the evidence of this chapter-station, my view is that the awareness

of the Porfirian authorities of the many different roads taken by technological

development, many with little connection to basic research, justified the separation of

technology policy from economic policy. Innovation was synonymous with technological

development which was understood as a process of mastering and putting into practice

techniques of design and production processes that were new to the firm or country or

which were novel in absolute terms. This understanding seems to be confirmed by the

fact that the lndustrias Nuevas program extended incentives to invest in national

industry and reduced the protection to technological or engineering applications.

Nevertheless, whatever the conception of innovation, this means that in the eyes of the

Porfirian authorities the central institutional actor of innovation was the businessman.

Thus, industrial policy intended to influence the decisions of firms to develop,

commercialize or adopt new technologies. In theory, this fact suggests that the
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FundiciOn could be incorporated into this process encouraged by the government. But

in practice, authorities did not recognise the role of adapting steam technology as either

innovation or as the adoption of new technology introduced into Mexico. Otherwise,

authorities could have used the legal frame already in place to support the foundry.

Furthermore, activities developed inside the Fundición were invisible for the government

in terms of their engineering complexity, originality and processes of technological

adaptability. As shown before, Fomento never contemplated a specific section for

technological development. In consequence, material progress, as defined by the

Mexican state, did not include the activities of the FundiciOn because the official mind

set juxtaposed progress with foreign technology. Therefore, national attempts at

machine building were not seriously taken into consideration.

At this point, interpretations of the Porfiriato made by economic historians313 have

advanced our understanding of the decision-making process about industrial policies

and the fostering of patent and property rights’ reforms. For example, the creation of

dedicated agencies for opening new domestic industries proceeded in tandem with the

promotion of tariff incentives. Other institutional changes included the articulation of a

national banking system, the regulation of domestic protectionism with the aim to

balance the competition of foreign products, and more, as a systematic and consistent

pull of policies to promote industrialisation from the outside but also from the inside.

Yet, a close look at the type of negotiations between the Fundición and Porfirian officials

reveals that there was no clear understanding of technology. Thus, it was hard to make

a distinction between industrial and technological development and the applicable

policies when considering the case of the FundiciOn. It is not possible to draw a line

313 Recent literature on the topic includes Edward Beatty, Institutions and Investment. The Political Basis
of Industrialization in Mexico Before 1911 (Stanford, California: Stanford University Press, 2001); Stephen
Haber, Armando Razo, and Noel Maurer, The Politics of ProDertv Rights: Political Instability, Credible
Commitments, and Economic Growth in Mexico. 1876-1929 (Cambridge: Cambridge University Press,
2003).
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neatly around those aspects of Mexico’s institutional structure that were concerned

predominantly with what was conceived at the time as technological innovation, in a

narrow sense, excluding everything else and still tell a coherent story about Fomento

policy in a broad sense.

Another major contradiction created by official policies was that between fiscal

policy and national technical education. In general, Fomento policies fluctuated

according to the state’s understanding of progress and dispensed resources based on

the criteria of those individuals in office, political agenda or a combination of both.

Issues regarding colonisation, mining, geography, agriculture, transport,

communications and industrial development were part and parcel of Fomento. Thus,

the indiscriminate nature of the Fomento network conditioned its effectiveness, and, at

the same time, privileged some areas while limiting others. A case in point is

technology. The Porfirian state took no action for decades and postponed the creation

of specific areas for promoting national technological development. However, even

when technoscientific input was materialised as infrastructure for basic research and

technical education (schools, laboratories, libraries, academic centers, and research

facilities), Porfirian authorities privileged foreign engineers and technicians over their

national peers. Fomento policy created a sociotechnical conflict inside the

institutionalisation and professionalisation of national engineers who sought to

participate in the government’s projects such as railroads, public works, road and port

infrastructure, mining, and other industrial sectors. On the contrary, the advancement of

national technological development was put on hold because economic policies

privileged foreign technology. Therefore, Porfirian policy on technoscientific progress

was uneven and subordinated to economic policy. This fact is consistent with the level

of foreign capital investment and technological translations made during the period,

which was intentionally conceptualised by Porfirian elites as the medium to secure

access to the money and machines necessary for the modernisation of the country’s

economy.

In this context, the FundiciOn was a unique exception to Fomento and its policy

for industrial development. The FundiciOn’s mechanisation and large scale production

of steam machines was technically administered and sustained by local means despite
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fomento policies and the government’s premise of economic development. The

foundry’s technoscientific advancement and industrialisation were achieved by domestic

know-how and technical expertise in machine building. Inside the avalanche of foreign

technologies that poured into Mexico, the Fundición emerged as an example of locally-

made technological adaptation propelled by the constant demand for goods and

services. At the same time, the industrialisation of northern Mexico, from 1850 to 1910,

was in full gear, using primarily imported steam machines along with, in a limited

fashion, some machines produced by the ES.

Finally, the analysis of the relationship between the Eundición and Fomento has

shown how the interplay of Porfirian policies (economic, industrial, fiscal, and

educational) created in practice negative effects upon national technological

development which was postponed in order to give priority to economic and industrial

growth. In retrospect, the EundiciOn was caught in such a negative sociotechnical

environment, that is, between policies devised for launching Mexico’s industrial

development based upon foreign technologies and machines, and fewer incentives in

the promotion of the country’s machine building sector.

This economic-industrial priority had political and economic support from

powerful social groups inside and outside of Mexico, in particular from American

companies. In the long run, such priority conditioned the technological and machine

building expansion, while widening the gap between technical education and the social

mobility of technical groups within Porfirian society. Considering this framework,

characterised by ambiguity and contradiction, my interpretation is that the Porfirian

government surely had explicit interests in the generation of technological progress

during the period of Mexico’s intense mechanisation. However, policies and

administration conducted or sponsored by the State to foster such technological

development did not always reflect it, as the case of the FundiciOn has shown. In other

words, the Porfirian machinery was not always consistent in its performance while

interacting with many variables such as economic progress via industrialisation,

expansion of technical education, and technological development. As steam has its

flows and interruptions of heat within the engine, fomento policy, the historical frame

that supported Mexico’s mechanisation, clearly had its own series of flows and
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interruptions as well. During the nineteenth century, the giant steam engine of Mexico’s

mechanisation was conducted by diverse political and industrial groups who envisioned

different ideas about mechanising the country. Their understandings shaped how

material progress should be achieved and what should be the role of technology and

machines in the future they imagined for themselves and Mexico.
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Chapter-Station 6: The Mechanical City

The section in the newspapers about railways is growing daily. The telegraphic
cable now connects us with a large portion of the world, in such a way that we
can have news of events as soon as they happen. New steamship lines have
increased traffic in our ports, and, in the workers’ circles their confidence is
beginning to be reborn.

Manuel Gutiérrez Nájera, Los buenos tiempos, 1881 314

The press of Mexico is filled with paragraphs and advertisements having
reference to trade, agriculture, and commerce. Notices such as the following are
found in all the daily journals: “The block of traffic at LeOn!” “Progress in Hidalgo!”
[...] No advertising page seems complete without a print of an agricultural steam-
engine and boiler on wheels, illustrating an announcement of “Maquinas de
vapor de todas clases y dimensiones;” then comes pictures of pumps, rams, and
the latest inventions of the plumber’s trade, followed by sewing machines with
the newest improvements. [...] Indeed, the Mexican newspapers have caught the
American furore in the matter of advertisement; [...] (Emphasis added in the
original)

Thomas Unett Brocklehusrt, Mexico To-day, 1883.315

Up to now, the narrative travel has been conducted by the steam engine that

hauls the train. From that viewpoint, digging under the mechanical skin of the engine its

inner workings, components, and materials were exposed. Then, switching tracks, the

focus was on the actors who designed and built the engine and how they established

translations, adaptations and negotiations around knowledges, designs, machinists and

technoscientific artifacts. Later, in another switch of tracks, the travel explored how

actors constructed their networks to carry out their activities, and how they negotiated

their interests within the context of social relations during the Porfiriato.

314 Original text in Spanish: “La secciôn que dedican los periOdicos a consignar las noticias
ferrocarrileras, aumenta diariamente. El cable nos liga ya con una gran parte del mundo, de manera que
podemos tener noticia de los sucesos a penas acontezcan. Nuevas Ilneas de vapores vienen a aumentar
el tráfico de nuestros puertos, y Ia confianza comienza a renacer en los cIrculos de trabajadores”. Manuel
Gutierrez Nájera, Obras XIII. Meditaciones PolIticas (1877-1 894), “Los buenos tiempos”, El Nacional, año
II, nüm. 108, (17 de marzo de 1881) 1. Edit. Yolanda Bache Cortés (Mexico: Universidad Nacional
AutOnoma de Mexico, 2000) 85.
315 Cf. Thomas Unett Brocklehusrt, Mexico To-Day: A Country with a Great Future, and a glance at the
Prehistoric Remains and Antiquities of the Montezumas (London: John Murray, Albemarle Street, 1883)
243-244.
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This chapter-station now considers the perspective of a viewer’s gaze while

traveling on board the train.316 Porfirian writers like Manuel Gutiérrez Nájera

predominantly constructed the gaze as male or masculine. This gaze looks from inside

the cabin to the exterior, toward the landscape, to other people and machines, and,

sometimes, towards himself, while crossing Mexico’s countryside. This viewer’s gaze

sometimes sees in full and, at other times, in profile. At times, far, and, at others, close.

It is a gaze that sees internal and external spaces, or, in this case, from internal to

external, as well as the reverse.

The viewer’s gaze works as the semiotic framework for this chapter-station and

switches to other qualified observers and their gaze (in reference to the object(s) seen

and the person(s) who sees), to explore through their interpretations how technological

artifacts, like steam engines, locomotives, and tramways became part of Mexico’s

material culture. The analysis focuses on how machines shaped social understandings

of progress. By the 1880s, Mexican intellectuals associated machines with progress

but also with Mexico’s increasing economic dependency upon foreign capital, mostly

American. The sites for the most important manifestation of material progress were the

urban centres, in particular, Mexico City. The capital city was the privileged locus of the

Porfirian elite for the advancement of Mexico, crystallised in the form of machines,

public works, lighting, urbanisation of public space, sanitary and health infrastructure,

and more. However, the scope of this chapter is limited to the social and cultural

relationships between Porfirian society and machines. Modernisation, urbanisation,

316 The term ‘gaze’ is broadly used by media theorists to refer both to the ways in which viewers look at
images of people in any visual medium and to the gaze of those depicted in visual texts. The ‘gaze’ is a
double-sided term. There must be someone to gaze and there may be someone to gaze back. To give
the gaze is to perceive that one is looking at an object. To set oneself at gaze is to expose oneself to view
or display oneself. Words for the agent of gazing are beholder, viewer, and occasionally spectator or
audience. Like a person, gaze also can be exchanged in a medium. Several key forms of gaze can be
identified in photographic, filmic or televisual tests, or in figurative graphic art based on who is doing the
looking: the spectator’s gaze, the intra-diegetic gaze, the direct or extra-diegetic address to the viewer,
and the look of the camera. Cf. Gilles Deleuze, Cinema 1: the movement-image (London: Athlone, 1986)
71-80; James Elkins, Six stories from the end of representation: images in painting, photography,
astronomy, microscopy, particle physics, and quantum mechanics, 1980-2000 (Stanford, California:
Stanford University Press, 2008), and The obiect stares back: on the nature of seeing (New York: Simon
& Schuster, 1996).

247



ideal images of the city, and other similar themes, are not part of the analysis but such

dimensions will be considered where pertinent.

During Porfirian Mexico, material progress became a quest, one that was of the

highest priority. As Mexican journalist and literary writer Manuel Gutiérrez Nájera

(1859-1 895) attested in his newspaper chronicle Los buenos tiempos317 or ‘The Good

Times’, all this progress was mainly a consequence of the advancement of

technoscience and the efforts made by the Mexican government. Mexico was

becoming more interconnected with the United States and the rest of the world. By the

1880s, railways were fast spreading over the country. Gutiérrez Nájera constantly

suggested that locomotives were the symbol of progress. These machines bridged the

country’s remote regions with the capital city. But, at the same time, travellers on board

the train had the experience of seeing unknown regions, full of riches, while other times,

what they saw was an underdeveloped country. Ironically, for the average Mexican, the

greatest rate of progress did not happen around the end of the nineteenth century when

telephones, automobiles, electric lighting, and home utensils came in short order.

Material progress favoured emergent middle classes and elites while peasants,

indigenous groups and workers were left behind.

Gutiérrez Nájera also warned his readers that railways were consolidating

American supremacy with their products, workers and capital. He anticipated that, in

the long run, this supremacy would surpass Mexico’s own industrial capacity. In his

chronicle “La pacIfica invasiOn Yankee” (The Peaceful Yankee Invasion), Gutiérrez

Nájera expressed his opinion that Mexico’s industrialisation and economic growth were

taking place at the expense of the nation’s economic self-sufficiency, benefiting mainly

the United States:

The great preponderance of the American element is alarming; and with reason,
all of those who, in fairness, are seriously reflecting on this issue of such
importance, see in this peaceful invasion, in this commercial movement, in this
great conquest of doubloons, a grave conflict for the future.

317 Cf. Manuel Gutiérrez Nájera, Obras XIII. Meditaciones Politicas (1877-1 894), “Los buenos tiempos”,
Nacional, año II, nüm. 108, (17 de marzo de 1881) 1. Edit. Yolanda Bache Cortés (Mexico: Universidad
Nacional AutOnoma de Mexico, 2000) 85.
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[Americans] they are bringing the capital, it is true; capital without which our
industry would not be prosperous; necessary, indispensable capital; with them
comes the powerful machine that will rip metals from our mines; the railway that
BY shortening distances makes more simple and possible the extraction of our
riches; but once the work is done and the locomotive flares its crest of smoke
everywhere, we will find ourselves precisely in the same conditions that that
protagonist in a Turkish leend found himself: he sold his soul to the devil for a
mere handful of coins [•]3 8

Gutiérrez Nájera’s depiction of Mexico’s quest for machines, capital and

industrial growth was turning into an inverted conquest. American and foreign capital

was conquering Mexico. Railways were simultaneously symbols of progress and

vehicles of domination. The political connotation of machines revealed how Mexicans

revered and feared the consequences of progress that, for many, meant the

Americanisation of Mexico. In turn, mechanisation changed the old colonial view of the

country as a cluster of isolated regions and peoples, giving way to a new image of

Mexico. The country’s land, for the first time in history, was conceptualised as an

interconnected mass of space and people where the movement of locomotives reduced

time and distances. The age of railways, the fast and massive introduction of

locomotives, however, arrived late to Mexico, in the last three decades of the nineteenth

century.319 But it certainly included the same crazy experience of acceleration that

318 Original text in Spanish: “La gran preponderancia del elemento americano alarma; y con justicia, a los
que meditando seriamente sobre asunto de tanta trascendencia, miran en esta invasion pacifica, en este
movimiento comercial, en esta gran conquista de doblones, un grave conflicto para el porvenir. [...] Traen
el capital, es cierto; capital sin el que nunca pueden fructificar nuestras empresas; capital necesario,
indispensable; con ellos viene Ia poderosa máquina que arrancará el metal a nuestras minas; el
ferrocarril que, acortando las distancias haga más Ilana y hacedera Ia explotación de nuestras riquezas,
pero una vez que se consuma Ia obra y Ia locomotora haga flamear en todas partes su penacho de
humo, nos encontraremos precisamente en las condiciones en que se encontraba aquel protagonista de
una leyenda turca: vendiO su espIritu al demonio por mezquino puñado de monedas [...]“. Cf. Manuel
Gutiérrez Nájera, Obras XIII. Meditaciones PolIticas (1877-1894), “La pacIfica invasiOn Yankee”, (.[
Nacional, año II, niim. 121 (21 de abril de 1881) 1. Edit. Yolanda Bache Cortés (Mexico: Universidad
Nacional AutOnoma de Mexico, 2000) 93-94.
319 The cultural history of railways in Mexico has not been written yet. See for social and economic
aspects, Daniel CosIo Villegas (edit.), Historia moderna de Mexico. El Poruiriato. La vida econômica, 2
vols. (Mexico: Hermes, 1985), and Sandra Kuntz Ficker, and Paolo Riguzzi, Ferrocarriles y vida
econOmica en Mexico. 1850-1950: Del surcjimiento tardlo al decaimiento recoz (Mexico: El Colegio
Mexiquense, 1996). For a great cultural history that describes the emergence of train-travel experience
during the industrialising expansion of Europe in the nineteenth century, and how such journey shaped
the human experience of both time and space, see Wolfgang Schivelbusch, The Railway Journey. The
Industrialisation of Time and Siace in the 191h Century (Berkeley and Los Angeles: The University of
California Press, 1986).
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shocked other people around the world years before.32° The technoscientific logic of

speed reconfigured the ways to understand Mexico’s geography and politics into other

social dimensions. For the first time, and for many Mexicans, travel around their own

country became possible. The trains on the Veracruz and Mexico City Railway (as on

all other lines, in particular in Guadalajara City) travelled at speeds that most

contemporaries initially had great difficulty in apprehending. The railway achieved a

revolution in land travel and gave rise to remarkable space-time transformations, as the

legendary term ‘railway time’ bore witness. But as travellers gazed from their carriage

windows at the grand Mexican landscape that the permanent way of the railroad

demanded, they were perpetually reminded of another revolution, intellectual and

material, one that had profound meaning for the whole fabric of Mexico. The Mexican

landscape, romanticised by Humboldt, Velasco and others, was vertiginously

transformed. High chimneys on top of textile factories competed in the sky with old

colonial Church towers, and the traditional and quiet artisanal haciendas were being

filled with noisy machines.321 The presence of the train was cutting the Mexican

scenery into two worlds: one was bucolic, traditional and old, in confrontation with the

mechanic, industrial and new. Alongside the construction of railways, telegraph lines

were set.322 People and products travelled far distances as did their messages as well.

The telegraph sent government orders to each district capital. Trains carried goods and

people. New towns and cities emerged almost overnight. The driving forces of

economic development and industrialisation launched by the Porlirian machine were

creating a homogenous environment, a totally modernised space, in which the look and

feel of the traditional Mexican world soon began to disappear without a trace. In this

320 The travelling rate from Liverpool to Manchester in 1832 was 18 m.p.h. By 1843, on the London &
Birmingham Railway was increased to 27 m.p.h., and the Great Western sustained a rate of 33 m.p.h.
See James Gilbert, The Railways of England (London: E, Grattan, 51, Paternoster Row: 1838) 93, and
W. M. Acworth, The Railways of England (London: J. Murray, 1900) 30.
321 Cf. RamOn Gutiérrez, Arciuitectura y Urbanismo en lberoamérica (España: Ediciones Cãtedra, 2002)
493-529.
322 Cf. Luis Nicolau d’Olwer, “Las inversiones extranjeras”, in Daniel Coslo Villegas (Edit.), Historia
moderna de Mexico. El Porliriato. La vida económica, 2 vols. (Mexico: Hermes, 1985) 973-1004, and
José C. Valadés, El Porfirismo. Historia de un regimen. El nacimiento (1876-1884), vol. 1(México:
Universidad Nacional AutOnoma de Mexico, 1987) 329.
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sense, the railway was functioning as a cultural metaphor, a symbol of a radical crisis

that permeated all of society.

By the 1870s, journalism was an industry coming into its own in Mexico

Newspapers published romantic novels and displayed an array of images including

paintings, buildings, and manufactured products.323 In fact, publishers realised that

illustrations could contribute substantially to a newspaper’s or magazine’s appeal and

often paid artists as much or more than writers. As a result, editors and writers used

illustrations of machines to link two processes, on the one hand, technoscientific

development, and, on the other, Mexico’s economic development. Images were

capitalised in newspaper and magazines not only as representations, but as symbols of

progress bringing about the advancement of civilisation.324 Together, newspapers and

magazines provided a regional channel, and to some extent, a nationwide medium for

communication among cultural elites, but certainly both formulated and reflected public

attitudes.

Technoscience was itself becoming part of the national iconography even without

people noticing it. In a country where the vast majority of the people were illiterate325,

newspapers, plays or novels were not as efficient as in other nations at popularising

323 Bibliography and information on Mexican print press, including periodicals can be found in Fortino
Ibarra de Anda, El periodismo en Mexico. Lo pue es y 10 gue debe ser (Mexico: Editorial Juventa, 1935);
Miguel Velasco Valdés, Historia del periodismo mexicano. Apuntes. (Mexico: LibrerIa de Manuel Porrüa,
1955); Rafael Carrasco Puente, La prensa en Mexico: datos histôricos (Mexico: Universidad Nacional
AutOnoma de Mexico, 1962); Belém Clark de Lara, and Elisa Speckman Guerra (Edits.) La Repüblica de
las letras. Asomos a Ia cultura escrita del Mexico decimonónico, 2 vols. (Mexico: Universidad Nacional
Autónoma de Mexico, 2005).
324 Cf. Maria Esther Perez Sanchez, “Las imágenes en las revistas de Ia primera mitad del siglo XIX”, in
Belém Clark de Lara, and Elisa Speckman Guerra (Edits.), La Repüblica de las letras. Asomos a Ia
cultura escrita del Mexico decimonónico, 2 vols. (Mexico: Universidad Nacional Autónoma de Mexico,
2005) 87-104, and Julieta Ortiz Gaitán, lmágenes del deseo: arte y publicidad en Ia prensa ilustrada
mexicana, 1894-1939 (Mexico: Universidad Nacional Autónoma de Mexico, 2003) 68-70. The latter is
perhaps the best analysis and interpretation of visual representations and images used in the Mexican
newspapers, magazines and pamphlets during the second half of the nineteenth century and after the
Mexican Revolution.
325 In the period between 1878 and 1900, the rate of national literacy based on students registered in
elementary education was 51 out of 1,000 people. Finally, between 1900 and 1907, it was 59 out of 1,000
people. The interpretation of this data, according to the author, reflects a progress in literacy during the
the Porfiriato. See Alejandro Martinez Jiménez, “La educación elemental en el Porfiriato”, in Josefina
Zoraida Vãzquez (Edit.), La educaciOn en Mexico (Mexico: El Colegio de Mexico, 2005) 140-143, Cuadro
2.
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machines or manufactured goods. Nevertheless, no one needed to know how to read

to perceive the tremendous changes occurring in Mexico, particularly in Mexico City.

Urban centers emerged as the most advanced manifestation of material progress.

Everyone could see the arrival of the train in Buenavista station,326 the huge chimneys

of textile factories in Puebla,327 the electrical lighting in the Alameda and Teatro de las

Bellas Artes in the capital city; the large Paseo de Ia Reforma avenue filled with statues

of historical heroes and monuments;328 or the new building of the National Post

equipped with telegraphic wires.329 This modern imagery of the capital and the

industrial centres symbolised the material progress of the new nation.33° Most Mexico

326 Cf. Emilio Bouligny, GuIa del ferrocarril central mexicano Mexican Central Railway Co., Spanish &
English edition (Mexico: TipografIa de Benito Nichols, 1883).
327 For analysis on the topic of industrial preservation and industrial archaeology in Mexico with focus on
the state of Puebla where the textil industry had had a long historical tradition, from colonial times and
particularly during the Porfiriato, see Leticia Gamboa Ojeda, and Rosalina Estrada Urroz, El ratrimonio
de Ia industria textil de Puebla: destrucciOn y conservación de las edificaciones fabriles del siglo XIX
(Mexico: Benemérita Universidad Autônoma de Puebla, 1994), and Rosalina Estrada Urroz, Espacio
fabril, máciuinas v trabaiadores: La preservación del patrimonio industrial (Mexico: Benemérita
Universidad AutOnoma de Puebla, 2003).
328 By 1872, according to Claudia Agostoni, Monuments of Progress. Modernization and Public Health in
Mexico City, 1876-1910 (Calgary: University of Calgary Press; Boulder, CO.: University Press of
Colorado, 2003), Paseo de Ia Reforma “had a length of 3, 435 meters and a width of eighteen meters,
and each pavement was nine meters wide” (80). Agostoni also said that “The walk along the Paseo
during the last years of the Porfiriato constituted an educational experience, as historical monuments
were placed along the glorietas and on the pavement of this long avenue” (Emphasis in the original 81).
Also see from Mauricio Tenorio Trillo, “1910 Mexico City: Space and Nation in the City of the Centenario”,
in Journal of Latin American Studies, 28 (Cambridge University Press, 1996) 75-104. This article explores
the 1910 centennial celebration of Mexico’s war of independence in Mexico City, and makes a tour in the
city in order to examine how notions of social order, material and cultural progress, nation-building and
cosmopolitanism acquired spatial and graphic expressions in the city. Tenorio Trillo did not develop in this
article analysis about machines and their role in shaping social notions of progress.
329 A persuasive cultural description and analysis of Mexico City and its urban space during the last
decades of the nineteenth century, with focus on literary Modernismo and Porfirian culture, can be found
in the introduction of Rafael Perez Gay to Los imDrescindibles. Manuel Gutiérrez Náiera (Mexico: Cal y
Arena, 1996) Vll-LXII. For an historical perspective that explores the importance of the social effects of
technoscience in the final years of the Porfiriato, with focus on Mexico City, see Pablo Piccato, City of
SusDects. Crime in Mexico City, 1900-1931 (Durham, NC: Duke University Press, 2001) 17-33. For
analysis on the relationship between ideals of urbanisation and public health in Mexico City during the
Porfiriato, see Claudia Agostoni, Monuments of Progress. Modernization and Public Health in Mexico
City, 1876-1910 (Calgary: University of Calgary Press; Boulder, CO.: University Press of Colorado, 2003)
77-110.

Claudia Agostoni argues that the image of the modern city (Mexico City) was built on the emphasis
placed “on its avenues, buildings, railways stations and monuments; in other words, stress was placed on
capturing the evidence of progress” (Monuments of Progress 81). I agree with her analysis. However, she
focused on public works but did not elaborate on how technoscience and machines shaped social
understandings of progress.
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City inhabitants could imagine themselves as modern citizens, walking the city streets

while being immersed in the aura of those technoscientific artifacts. Mass culture was

emerging and the new national symbols were being built by engineers, technicians,

workers, and intellectuals, such as writers and artists. Newspapers’ editors exploited

the popular association of technoscientific progress with a better way of life and

suggested, sometimes explicitly, that engineers and inventors were the new leaders of

Mexican society. In such a way, the print press developed its own technoscientific

discourse forming part of the political authorised discourses along with its own accepted

representations.331 For the bulk of Mexicans, the steam locomotive soon became the

symbol of Mexican progress and acquired its own public language.

Steam engines symbolised a number of conceptual mediations. Steam was

simultaneously associated with ‘labour value’ in the economy and with ‘work’ in

engineering mechanics. In thermodynamics, steam was conceptualised as ‘energy’ and

for businessmen steam represented ‘profits’. For workers, in general, steam

represented new forms of life-style in the factories, new social categories of labour such

as obrero, and trabajador; new words and languages and ways of interplay with tools

and machines. Mexican workers got used to identifying themselves as oDerarios to

operate selfactinas or self-acting mules (machines for the production of yarns in

weaving and knitwear) or other spinning machines used to twist and wind fibers of

cotton or wool such as tróciles or throstles.332 For Mexican elites and foreign travelers,

in general, the age of steam was the age of travel, as advertised in travel guides.333

Nevertheless, the cultural representations of steam power were a series of intriguing

dichotomies of progress and dehumanisation; poor people and middle classes; social

and political. Mexican intellectuals and railway journeymen such as Manuel Gutiérrez

Nájera or Guillermo Prieto (181 8-1 897) by no means expressed unanimous support for

331 The Porfirian regime was credited for subsidising more than twenty newspapers in order to control
political opposition against DIaz and his government. See Luis Gonzalez y Gonzalez, Fuentes de Ia
historia contemporánea de Mexico; libros y folletos (Mexico: El Colegio de Mexico, 1962), and Stanley
Robert Ross, “IntroducciOn”, Fuentes de Ia historia contemporánea de Mexico; Deriôdicos y revistas
(Mexico: El Colegio de Mexico, 1967) XXI.
332 Cf. Victoria Novelo Oppenheim, “Herencias culturales desconocidas. El caso del patrimonio industrial
mexicano”, in Cuadernos de Antropologla Social 21(2005) 45.

Cf. Emil Riedel, Practical Guide of the City and Valley of Mexico (Mexico City: I, Epstein, 1892).
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unrestricted industrial development, and evidently they played a role in shaping public

opinion about machines. Nevertheless, the majority of Mexicans were adamantly

enthusiastic about steam progress, as many referred to steam power.

Steam, by 1868, was a well constructed symbol of velocity and progress:

“Steam, wing of the century, breath of the Enlightenment, precious vehicle of

progress”.334 Print press discourse argued that even the power of steam would also fix

the persistent insecurity and miscommunication that prevailed in the rural setting:

“steam would make us owner of a country, the one disputed by distances, savages, and

bandoleers”.335 In Mexico, before the railway, land communications and means of

transportation were almost nonexistent or insufficient, diminishing domestic commercial

activities and increasing the risks of insecurity. Frequently, roads were raided by well

known bandits and uncontrollable robbers to the dismay of people and authorities. In

1842, liberal writer Manuel Payno (1810-1894) expressed the risks that any daring

traveller would have to undertake:

In Mexico, to make a trip of 100 leagues, it is necessary to overcome great
difficulties, and those sufficiently reckless people who dare to make a journey to
Zacatecas, Durango or Sinaloa, must make many preparations many weeks
beforehand; they have to say goodbye to all their friends; clean their firearms that
forgotten and mouldy perhaps have been waiting for years in some corner of the
bedroom; secure servants; argue with coachmen and muleteers; make large
money advances for the arrangement and transport of all the baggage, and
finally, never leave Mexico before receiving the tender farewell of their
families.336

Original text in Spanish: “El vapor, ala del siglo, aliento de Ia ilustraciôn, vehIculo precioso del
progreso [...]“. El ferrocarril. Diario DoDular. literario y mercantil, Mexico, 16 de septiembre, 45 (1869)2.

Original text in Spanish: “[. ..] para que el vapor nos haga dueños de un pals, que Ia distancia, el
salvaje y el bandolero nos disputan”. El ferrocarril. Diario porular, literario y mercantil, 6(1867)2.
336 Original text in Spanish: “En Mexico para hacer in viaje de 100 leguas hay que vencer grandes
dificultades, y las gentes demasiado temerarias que emprenden una caminata hasta [...] Zacatecas,
Durango o Sinaloa, tienen que hacer muchas semanas antes inmensos preparativos; se despiden de
todos sus amigos; limpian las armas, que olvidadas y mohosas han reposado tal vez anos enteros en un
rincón de Ia alcoba; ajustan criados; disputan con cocheros y arrieros; hacen fuertes desembolsos para
el arreglo y conducción de todo su equipaje y, por ültimo, nunca parten de Mexico sin recibir tiernos
adioses de sus familias”. Manuel Payno, El Monitor ReDublicano, 1842. See also his novelistic treatment
of this topic, written in the late nineteenth century, but set earlier in mid century, Los bandidos de Rio FrIo
(The Bandits from Rio Frio).
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To travel in Mexico was not usually a pleasant experience and not advisable,

except if it were a crucial necessity. Guillermo Prieto, liberal politician and writer, as

well, however, found himself in such circumstances when he made his “wonderful trip,

artistic, and sentimental” to Zacatecas in order to be appointed Tobacco Inspector.

When heading to the north, he had to trek down the feared San Antonio Tula hills, with

their long trams of black and sticky mould; rocks that in Prieto’s narrative were like

living-forms, and winding curves and deep cannons; in sum, all represented torments

for passengers, mules and wagons. The journey was “brutal, incommensurable;

atrocious”, Prieto wrote, saying that he really did not know to whom to say thank you for

the appointment and the journey: to his friends or to his enemies.337 Mexicans did not

know their own country and did not travel. Payno and Prieto often suggested that the

miserable conditions of roads and the lack of transport were the causes of Mexico’s

stagnant economy.

In turn, ferrocarriles or trains were a daily issue on the pages of the newspapers

even before their physical arrival in Mexico and the construction of railways began.

Some informed voices proclaimed that speed alone, in the form of the acceleration of

locomotives, was necessary for Mexicans. The speed provided by steam power “is

giving a call of alert to this nation that sleeps and could be run over at any moment by

the car of civilization.” Mexicans needed “to resolve the problem of living slowly; then,

and then only, will we have reached the cherished prosperity to which every Mexican,

proud of this name, aspires”.338 In 1872, an imported Belgium steam locomotive —of

around twenty tons—brought to those Mexicans gathered in the port of Veracruz both

the wonders of steam and steel wheels. Its name was La Veracruzana. During

eighteen minutes of astonishment and vertigo, the locomotive transported 200

passengers at an average speed of forty kilometres from the City of Veracruz to the

Llanos del Molino, about twelve kilometres from the port. In this way the modest

Cf. Guillermo Prieto, El Monitor Republicano, 1842.
338 Original text in Spanish: “[...] dando el grito de alarma a esta naciôn que duerme y que puede ser
atropellada de un momento a otro por el carro de Ia civilizaciOn” [ ‘resolver el problema de vivir con
menos lentitud; entonces y solo entonces habremos alcanzado Ia anhelada prosperidad a que aspira
todo mexicano digno de este nombre”. El ferrocarril, 18 de enero, 32 (1868)1.
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inauguration of the railways age in Mexico took place. This ‘event of progress’ was

captured by the print press, inaugurating its own social and technoscientific discourses

as well, along with its own totalising vision of progress. The print press articulated a

universe of new cultural symbols —machines— with the purpose of being

commercialised. Its intention, not surprisingly, was to create a favourable climate of

opinion and, at times, to sanction those Mexicans opposed to mechanisation,

synonymous with progress.

This world of events associated steam, steamships and trains with almost

phantasmagorical transformations that would lead the way to progress. From these

cultural symbols, the technoscientific imagination was inscribed in the Mexican reality.

In other words, steam artifacts created a space, a time, an organisation of work, and a

life-style based on social differences such as workers, consumers or middle classes

travelling for pleasure. In December, 1872, the railway from Mexico City to Veracruz

was finished. It spanned 472 kilometres and its effects were soon felt in commerce,

politics, culture and society. The whistle of the ferrocarril sounded far and wide, in the

lakes and forests at the outskirts of Mexico City and continued all the way through to the

seashore of Veracruz. For the first time in centuries, the inland regions and the sea

were united. The Mexico-Veracruz railway was the physical representation of

mechanical progress and among its many advantages, the speed and the shortening of

distances were perhaps the most remarkable of the attributes that Mexicans

appreciated. Before the train, the transport of people and goods from Mexico City to

Veracruz took between fifteen to eighteen days, and that was in the dry season. The

train reduced to eighteen hours the total time of the journey, regardless of the weather

conditions. Also, for the first time in Mexico, it was possible to travel for pleasure, as a

tourist, or simply because of the desire to know the country. Railways were advancing

as the images of progress filled the social imagery, transforming the conditions of

Mexicans and their lives.

Cf. Sergio Ortiz Hernán Lozano, Sergio. Los ferrocarriles de Mexico: una vision social y econOmica
(Mexico: SecretarIa de Comunicaciones y Transportes I Dirección General de Ferrocarriles en
Operación, 1970) 88.
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Also, steamships were becoming increasingly popular, connecting Mexico,

people, and goods with the United States and Europe. In 1877, Guillermo Prieto wrote

his Viaie a los Estados Unidos. Notas a todo vapor (Travel to the United States with the

subtitle “Notes at full steam”) on board the steamship ‘Granada’ of 2,500 tons. Prieto,

as Gutiérrez Nájera did as well, personified the machine: “The ship distinguished itself

among the floating palaces that with the name of steamships travel across the Pacific

waters”.34° Prieto was going to San Francisco. The Granada left from Manzanillo and

made its first stop in Mazatlán. Before leaving the port, Prieto wrote: “I received special

courtesies from my friends JoaquIn Redo and his wife”, among “Mr. Kelly, Ferreira, and

other noble gentlemen”.341 Redo and Ferreira were partners and owners of the

Fundición de Mazatlán. The same year, as mentioned in Chapter-Station 4, the foundry

was producing steam machines used for water pumping in mining. Prieto’s travel

narrative is an historical account of how steam power was transforming industries,

communication, travel, writing and more. It also discloses how Mexicans were

journeying by trains and steamships while creating imagined communities between

Mexico City and other regions in the country.

In 1882, Manuel Gutiérrez Nájera, perhaps one of the best cultural

representatives of the Porfirian intelligentsia, was invited to the inauguration of the

railway between Mexico City and Guanajuato. Gutiérrez Nájera, himself already a well

established middle-class writer and influential public figure, travelled as a ‘distinguished

member of the print press’. On the train he was among the company of government

authorities, state governors, foreign officials, and generals. After dinner, and “only to

dissipate the sleep”, Gutiérrez Nájera wandered around the cars:

The first [car] was designated for the ministries. This car is like a room with
lobby, bedroom, washroom, and four large cabins. Today, we do not travel; the

340 Original text in Spanish: “[...] se distingue entre los palacios flotantes, que con el nombre de vapores,
atraviesan las aguas del Pacifico”. Guillermo Prieto, Viaie a los Estados Unidos. Por Fidel (Guillermo
Prieto), vol. 1 (Mexico: Imprenta del Comercio, de Dublan y de Chavez, 1877) 5.
341 Original text in Spanish: “Yo recibI especiales atenciones de mis amigos JoaquIn Redo y su esposa,
[...] de los Sres. Kelly, Ferreira y otros nobles caballeros [...]“. Guillermo Prieto, Viaie a los Estados
Unidos. Por Fidel (Guillermo Prieto), vol. 1 (Mexico: lmprenta del Comercio, de Dublan y de Chavez,
1877) 13.
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locomotive hauls us with the house and everything. The traveller can take with
him his books, his sleepers, his wife, and even his cat. It seems that we are not
on the way to Guanajuato but Guanajuato is coming to us. [...] Behind the wagon
for the ministries, it is the dining wagon. [...] Since dawn the table was ready, first
with breakfast, then with lunch, and with beer at the end. Right away there are
two cars for guests and at the end it is the car for ladies.342

Gutiérrez Nájera’s railway journey discloses inside and outside views. His gaze,

however, was on the interior of the train, on the private sphere provided by the

mechanical leisure and comfort of the mobile house. He did not depict the simultaneity

of both the public and the private that was made possible by the machine and the

technoscientific imagination. His gaze did not disclose the junctures between the

journey and the cities that were passed by the train. Gutiérrez Nájera’s gaze

recognised a new space and time in motion tilled with fascinating objects and bodies of

hierarchical positions. His images exposed a social division of classes but hid the

uneven mask of progress. Ladies, ministries and writers commingled in the mechanical

space. In contrast, the same images of progress would be used by others to expose

the inhuman effects of the expansion of industrialisation and capital. Railway journey

gave a new long-distance perception of reality. The traveller, situated from on high,

could have a different gaze. The gaze could reveal bodies taken as objects and natural

landscapes that reinforced either a sense of belonging or exclusion. Simultaneously,

from the inside of the train, through the window of the wagon, the gaze could reach to

the other side, as if it were on a huge and mobile diorama. Indeed, Gutiérrez Nájera

was a privileged writer-journeyman. The train inscribed social distances specified by

the industrialised expansion of the Mexican life-style. The contrasts were persistent

social and material inequality. This social consciousness provided by railway journey

was the experience of Justo Sierra when he did a trip to the United States:

342 Original text in Spanish: “Para disipar el sueño comencé a recorrer los vagones. El primero era el
dedicado a los ministros. Es un vagón habitación, con sala, alcoba, tocador y cuatro amplios camarotes.
Hoy no se viaja, Ia locomotora nos arrastra con casa y todo. El viajero puede lievar sus libros, sus
pantuflas, su mujer y su gato. Parece que no vamos camino de Guanajuato, sino que Guanajuato viene
hacia nosotros. [...] Tras el vagon de los ministros iba el vagOn comedor. Desde el amanecer Ia mesa
estuvo servida, primero con el desayuno, luego con el lunch y al ültimo con Ia cerveza. caminaban
enseguida dos vagones para los invitados e iba al fin el vagOn de las señoras”. Manuel Gutiérrez Nájera,
“Viajes extraordinarios. De Mexico a Guanajuato”, La Libertad, 26 y 29 de noviembre; I y 7 de diciembre
de 1882, in Los imprescindibles. Manuel Gutiérrez Nájera, Edit. Rafael Perez Gay (Mexico: Cal y Arena,
1996) 484-485.
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The sadness and enchantment in our country are these contrasts of refined
civilisation and absolute non-culture; of climes that collide along a staircase of
mountains, of cities and solitudes, of deserts dying of thirst that can be
contemplated while savouring a cold and delicious glass of lemonade.343

Sierra’s gaze distinguished the cultural and social junctures between the poor,

those who worked without compensation producing goods, and the middle class, the

emergent group that inaugurated their role as the consumers of leisure. Gutiérrez

Nájera, Sierra and others were privileged gazers, journeymen, the chroniclers of a

totalising vision of progress that conceptualised the extremes of the human experience

affected by Mexico’s mechanical and industrial capitalism. It was not surprising,

however, that beyond the natural and social stereotypes, at the same time, the events

of progress, including the mechanical speed of trains, became by their own a lifestyle, a

way of feeling the time and the space of modern Mexico that also served as a kind of

antidote to deaden the shocking effects of uneven progress. Sierra was particularly

aware of his own social class positioning as part of the Porfirian elite. His romanticised

vision of the Mexican landscape reflected his social consciousness: “At the distance,

undulations of flooded mountains in the dark, lands that look like death nearby; that was

my incessant spectacle through the window of my cabin”. “ Sierra’s gaze, and his

personal narrative of Mexico’s spectacle, as did Gutiérrez Nájera’s gaze and narrative

as well, looked from the inside space of the train cabin while travelling across the

countryside. The railway journey shaped their social consciousness and their

perceptions about Mexico by exposing the riches and miseries of their people.

The proportions of the sombre and melancholic countryside, nevertheless, were

superseded by the continual association of events of progress every time new railway

connections were completed. The event and its social discourse captured by the print

Original text in Spanish: “Lo triste y lo encantador en nuestro pals son estos contrastes de civilizaciôn
refinada y de incultura absoluta, de climas que se atropellan en una escalinata de montanas, de
ciudades y soledades, de desiertos muertos de sed que se pueden contemplar paladeando un vaso de
limonada fria y deliciosa” [...] Justo Sierra, En tierra Yankee. Notas a todo vapor (Mexico: Tipografla de
Ia Oficina Impresora del Timbre, Palacio Nacional, 1898) 20.The first two chapters of the novel are
developed from the perspective of being on board the train.
‘“ Original text in Spanish: “Ondulaciones de montañas anegadas en sombra a lo lejos, tierras que
parecen muertas aqul cerca, ese era mi espectáculo incesante por Ia doble vidriera de ml camarote.
Justo Sierra, En tierra Yankee. Notas a todo vapor (1898) 13.
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press gained an astonishing popularity in the nineteenth century. The verbal and

iconographic led the way in its commercialisation; public events became political facts.

But, simultaneously, the technoscientific discourse was part and parcel of a new story

telling that juxtaposed machines, the social, events of progress, and the country.

Adalberto de Cardona, at the time publicist and popular writer of travel guides345,

emphasised this story-telling when the ferrocarril arrived at the city of Guadalajara:

The first locomotive of the Ferrocarril Central Mexicano that with its long whistling
said hello to Guadalajara on 16 April 1888, gave new hopes to her inhabitants;
and the continuation of the same railway until the town of Ameca on December
1896, increased the volume of the already satisfactory businesses. Since that
date its progress is every day more remarkable. 346

The machines of iron and steam were welcomed by those Mexicans gathered in

the railway station as if they were messiahs of change promising the betterment of life.

Speed, the new human experience of life, became the normal rhythm of progress in the

See his famous travel guide De Mexico a Chicago y Nueva York: Guia para el viajero en Ia que se
describen las principales ciudades y ferrocarriles de Mexico y los Estados Unidos del Norte (Nueva York:
Moss Engravings Co., 1892). This is a Spanish-language travel guide to the U.S. and Mexico issued for
Mexican tourists. It provides detailed information on the sights along the railroad routes from Mexico to
Chicago and New York (Central Mexicano, Atchison, Topeka and Santa Fe, Lake Shore and Michigan
Southern, New York Central and Hudson River). It also includes a very interesting section on the Chicago
Columbian Exposition. About half of the book relates to Mexico, including views of the border crossing at
Ciudad Juarez.
346 Original text in Spanish: “La primera locomotora del Ferrocarril Central Mexicano, que con sus
prolongados silbidos saludO a Ia hermosa Sultana del Occidente el 16 de abril de 1888, infundió alientos
nuevos a sus habitantes; y Ia prolongacion de Ia misma via hasta Ameca, acontecimiento que se verificO
en diciembre de 1896, hizo subir de punto el ya entonces satisfactorio estado de negocios. Desde
aquella fecha sus adelantos se hacen cada dIa mãs notables [...]“.J B. Iguiniz, Guadalaiara a través de
los tiempos. Relatos y descripciones de viaieros escritores desde eI siplo XVI hasta nuestros dIas,
coleccionados y anotados por..., (1873-1945) (Guadalajara: Banco Refaccionario de Jalisco, 1950) vol.2,
131-132. At the time I was doing research for this chapter in Guadalajara, in 2007, it was published,
Mexico en tres momentos: 1810-1910-2010. Hacia Ia conmemoraciôn del Bicentenario de Ia
Independencia y del Centenario de Ia Revolución Mexicana. Dos sicilos de historia (1810-2010), Coord.
Alicia Mayer (Mexico: Universidad Nacional AutOnoma de Mexico, 2007) 2 vols. In the second volume, I
found the brief but interesting contribution of Peer Schmidt, “‘Siéndome preciso no perder minuto’
Tiempo y percepción del tiempo en Mexico (1810-1910) 271-282. I had a great surprise when I found that
Schmidt quoted from the same newspaper chronicle of Adalberto de cardona on page 277! Noblesse
oblige! I give credit to Schmidt for using this quote and for developing his extraordinary analysis of how
time and the perception of time was conceptualised during the mechanisation of Mexico, in particular
after the introduction of railways. On my behalf, I have to say that I have been working on
conceptualisations of time made by Porfirian intellectuals, in particular, notions of time in the literary prose
and newspaper chronicles of Manuel Gutiérrez Nájera since 1999. My bachelor’s thesis focused on those
aspects ,and serves as the source that informs the analysis and interpretation of this chapter-station. See
Miguel Angel Avilés Galán, “El concepto del tiempo en Ia prosa de Manuel Gutiérrez Nájera”, bachelor
thesis. Mexico: Universidad Nacional Autónoma de Mexico, 2002.
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social and political life and culture of Mexico; “In our epoch, events favorable to

progress are rushing along, with incredible speed”, Mexican writers and newspaper

chroniclers epitomised. They also lived their lives and wrote their works under the

pressure of a mechanised print press and the imagery evoked by steam power. Manuel

Gutiérrez Nájera was obsessed with time and velocity. As a chronicler, a genre dealing

with the Greek good Chronos, he constantly used steam power and machine devices

like boilers and locomotives as literary metaphors to describe not only the

transformation of the Mexican print press but to convey the chaotic rhythm of Mexico’s

progress as well:

The print press, like the big machines, has its own squanders of energy, its rough
spills of steam; its squanders of power, used in testing the strength of the boiler
or to rip the air with the high pitch of the whistle. Too many forces are lost in the
moral and physical world! Too many atoms, capable of launching, united, the
social machine, are lost and gone far away in the air, producing a little whistling
only!

Every time I get into, guided by curiosity or interest, those huge factories where
the blind forces of nature, tamed by man, serve the high purposes of industry,
creating everything that the complicated civilization of the century requires and
needs, I experience a vague sad feeling. The big hammers forge iron; the red
ignited bars send sparks over the anvil, belts are running like gigantic arms of
leather and massive wheels move all that complex mechanism that at times has
howls of rage and shakes of anger.

This is how the print press is. The great boiler devours the pieces of firewood
than are going to be transformed in steam, heat and motion: the print press
swallows as a gigantic apocalyptic monster, ideas, words, lives and brains as
well. This is the fuel it needs to move forward on the tracks of Progress. The
personality fades away: who asks from what firewood came out the steam that
moves the motor wheel of the factory? [...] The print press, as the hungry
locomotive, receives in its dark bosom the human fuel and reduces it to spoils
and ashes. 348

Original text in Spanish: “En nuestra epoca se precipitan los sucesos favorable al progreso, con
velocidad increlbie”. El ferrocarril, 12 de julio, 1872: 1. Also quoted in Peer Schmidt, “Siéndome preciso
no perder minuto’ “. Tiempo y percepciOn del tiempo en Mexico (1810-1910) 277.
348 Original text in Spanish: “La prensa, como las grandes máquinas, tiene también sus despilfarros de
fuerza, sus bruscos escapes de vapor, sus desperdicios de poder, empleados en probar Ia resistencia de
Ia caldera o en rasgar el aire con el agudo grito del silbato. Cuántas fuerzas perdidas en el mundo moral
como en el fIsico! iCuãntos átomos, capaces de impulsar, unidos, Ia maquina social, se pierden y se
alejan en el aire, sin producir más que un ligero silbido! Cada vez que penetro, guiado por Ia curiosidad o
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Gutiérrez Nájera felt and lived the experience of fast times a todo vapor, at full

steam, as the dehumanisation of the self-being. The modern experience of self-being

was mechanised transforming the man into the machine and the machine transforming

the man. Mechanisation was the exacerbation of the personal time and space

necessary for reflecting upon the unfolding and developing social world that was

shaped by technology and machines. Steam, heat and motion were thermodynamic

properties, the driving forces of mechanisation and the muses to inspire artistic creation.

Steam power was perceived as a vital force of the modern life-style experience, and the

vehicle that was transforming Mexico’s cities, people, markets, and cultural and political

life. But Gutiérrez Nájera was well aware that the wonders of steam power were set in

motion by American capital expansionism that penetrated Mexico along with railways,

factories and manufactured goods. He knew that steam and American expansion

would never stop. As a citizen of the Porfirian nation, Gutiérrez Nájera was concerned

that Mexico’s mechanisation was the outcome of a continuous flux of machinery and

goods that eventually would turn against Mexico’s own interests creating social

conflicts. He repeatedly criticised the country’s economic dependence on the United

States and, as shown before, by 1881, he conceptualised American capitalism as “The

Peaceful Yankee Invasion”:

So, it is true, we will have more factories, more industries, more railways; but
those factories will not be ours; those alien and strange industries will finish ours
off; and on those railways, so long cherished, the American products will come,

el interés, a una de aquellas fábricas enormes en que las fuerzas ciegas de Ia naturaleza, dominadas por
el hombre, sirven a los grandiosos fines de Ia industria, creando todo lo que requiere y necesita Ia
complicada civilización del siglo, experimento un vago sentimiento de tristeza. Los grandes mazos
martillean el hierro; las barras enrojecidas lanzan chispas sobre el yunque, las bandas corren como
gigantescos brazos de cuero y las enormes ruedas mueven todo aquel complicado mecanismo que a
ratos tiene aullidos de cólera y sacudimientos de coraje. AsI es Ia prensa. La gran caldera devora
siempre las rajas de lena que van a transformarse en calor, vapor y movimiento: Ia prensa traga también
como un gigante monstruo apocalIptico, ideas, palabras, vidas y cerebros. Ese es el combustible que
requiere para marchar por los carriles del Progreso. La personalidad se desvanece: quien pregunta de
qué leno brotaron los vapores que hacen girar Ia rueda motriz de Ia gran fábrica? [...] La prensa como Ia
hambrienta IocomOvil recibe en su oscuro seno el combustible humano y lo reduce a escoria y a
cenizas”. Manuel Gutiérrez Nájera, “La prensa”, La Libertad, 8 de febrero de 1883, in Los
imprescindibles. Manuel Gutiérrez Nájera, Edit. Rafael Perez Gay (Mexico: cal y Arena, 1996) 43-45.
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the leftovers and excesses of their markets, and will flood our markets at the loss
of indigenous products, incapable of competing in low prices [•]3

Gutiérrez Nájera adamantly proposed to protect both national and European

interests as a way to counterbalance American expansionism. He knew that the

country had no capability for competing against foreign trade and machines, and

continually discussed this issue on the pages of the more than twenty newspapers

where he worked. For Gutiérrez Nájera was clear that the country’s industrial

development was taking place at the expense of Mexico’s own social and economic

interests.

He also witnessed the transformation of the rural and urban settings of Mexico,

the last idealised by many Mexican and Latin American intellectuals as the ideal locus

for the humanist dream of simultaneously pushing technoscientific and cultural

progress. Gutiérrez Nájera’s idea of progress, however, was more urban and less rural.

As did many of his Latin American intellectual peers, including José MartI in Cuba and

Ruben Darlo in Nicaragua, Gutiérrez Nájera reported on a range of subjects related to

the effects of mechanisation in the city. He focused on both images and discourses of

social degradation —prostitution, alcoholism, and criminality—350 of the capital city that

co-existed with images and discourses of moral and material progress. Gutiérrez

Nájera advocated a moderated modernisation in order to balance many issues: tradition

and modernity; humanism and mechanisation; nature and civilisation; foreign capital

and autonomy. Unfortunately, the genie of steam and its mechanical powers did not

have distinctions of any kind when using the brain and ideas of writers to fuel the pages

Original text in Spanish: “AsI que, tendremos, es verdad, mas fábricas, más industrias, más
ferrocarriles; pero estas fábricas no serán nuestras; esas industrias ajenas y extrañas acabaran las
propias; y por aquellos ferrocarriles, tan largamente deseados, vendrán los productos americanos, Ia
sobra y el exceso de sus plazas, e inundaran nuestros mercados con mengua de los productos
indIgenas, incapaces de competir en baratura [...]“.Manuel Gutierrez Nájera, “La ‘pacifica’ invasion
Yankee”, El Nacional, 26 de abril de 1881: 1, in Manuel Gutiérrez Nájera, Obras XIII. Meditaciones
PolIticas (1877-1894). Edit. Yolanda Bache Cortés (Mexico: Universidad Nacional Autónoma de Mexico,
2000) 94.
350 For examples of Manuel Gutiérrez Nájera’s newspaper chronicles on prostitution see, ‘Esposas,
grisetas y damas alegres”, La Libertad, 14 de febrero de 1883, “Las damas de Ia noche”, La Libertad, 17
de marzo de 1883; on alcoholism, “El reglamento de las cantinas”, El Universal, 11 de septiembre de
1894; on criminality, “La degollación de los inocentes”, El Partido Liberal, 23 de febrero de 1890. Cf.
Manuel Gutiérrez Nájera, Los imprescindibles. Manuel Gutiérrez Náiera (Mexico: Cal y Arena, 1996).
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of the print press or the arms and lives of children, women and men in the factories.

Steam power and machinery transformed the social imagery, the natural landscape, the

labour process, the household, and the lifestyle, and acted on society as demonic or

divine force, according to one’s gaze. But in any event, for many Mexicans,

mechanisation was deemed as an inescapable transformation because the notion of

machines as agents of change was engrained in the progressive idea of history shared

by many intellectuals as well. Despite the apparent general optimism about machines

and technoscientific development, as it was portrayed in popular images and expressed

in the print press of the period, an undercurrent of tensions existed. Manuel Gutiérrez

Nájera’s metaphor of the print press as a devouring steam machine, as a mechanical

Chronos eating his own children, was also part of the same technoscientific discourse,

but one that talked about the contradictions and cruelties of capital and progress.

Many Mexicans feared the machine, and particularly at the lower social levels.

Perhaps in Mexico’s countryside the clash of traditions and modernising values was

more evident as compared to the city. In general, the campo was a marginal aspect of

fomento policy during almost the entire DIaz regime which not only retarded its

substantial transformation but intensified the social discontent that would lead to the

Mexican Revolution of 1910. Until 1882, the Porfirian government created a specific

office with decision-making capacities within the institutional frame of the Secretarla de

Fomento to deal with agricultural issues. 351 This fact shows how the material progress

was a slow and uneven process but it also suggests a shift from the model of agrarian-

based economy, envisioned since 1821, in favour of manufacturing goods and factory

intensive systems of mechanised production that historically superseded the

administration of land and the solution of agrarian issues. The Porlirian revolution of

mechanisation and industrialisation failed to transform the agrarian system, created

profound labour instability that eventually broke out in many strikes and rebellions, and

exacerbated the social inequality of both rural and urban masses. The Porfirian

351 For analysis on the role of the Secretaria de Fomento to foster Mexican agriculture, see Maria Cecilia
Zuleta, “La Secretarla de Fomento y el fomento agrIcola en Mexico, 1876-1910: Ia invenciOn de una
agricultura prôspera que no fue”, Mundo AQrario. Revista de Estudios Rurales, vol. 1(1) (Argentina:
Universidad Nacional de Ia Plata! Red de Revistas CientIficas de America Latina y el Caribe, España y
Portugal/ Universidad Autônoma del Estado de Mexico, 2000).
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mechanical revolution brought contradictory social processes, created the conditions for

Mexico’s historical dependency on foreign technoscience and delivered an uneven and

sometimes non existent material progress.

Manuel Gutiérrez Nájera’s gaze was sometimes optimistic and described

pastoral ideas about progress. Other times, his gaze expressed the cultural ethos as a

crumbling monument. But above all, he traced the omnipresence of machines, gadgets

and instruments of modernisation. His gaze was a mode of perception that used

technoscientific imagery to describe an emergent system of meaning and value that

was the representation of industrialisation in its economic sense. The writer became a

machine himself; his life was more closely geared to an impersonal and seemingly

autonomous mechanical system imposed by the print press, Mexico’s city life-style and

the alarming power of foreign capital and machines. Through Gutiérrez Nájera’s early

work in the print press it is possible to perceive a genuine enthusiasm for progress to

the point of summoning all Mexicans to join what he called “The Good Times”:

[..] For the first time, after long years of internal fighting, administration had
beaten politics. The nasty struggle between personalities that so many times
covered our soil in blood disappears, expelled and ashamed before the august
majesty of the Republic. The only issues that have the privilege to deeply incite
us to bring up strong controversies are the railways, industrial and commercial
issues. Debates are taking place to discuss adequate means for European
immigration. The foreign capital begins to move in the European and American
markets, pushing forward enterprises that soon will be planted in our soil. 352

Peace and order; railways, industrialisation, commerce, telegraphic cable,

steamships, foreign capitals, European immigration; all the Porfirian elements for

progress were there. All the clusters of fomento policy were represented. Mexico was

352 Original text in Spanish: “[...] Por primera vez, tras largo años de luchas intestinas, Ia administración
ha vencido a Ia polItica. La odiosa lucha de personalidades que ensangrento tantas veces nuestro suelo,
desaparece corrida y avergonzada ante Ia augusta majestad de Ia Repüblica. Las ünicas cuestiones que
tienen el privilegio de conmovernos hondamente y suscitar reñidas consecuencias son las cuestiones
ferrocarrileras, las cuestiones industriales, las cuestiones del comercio. Se debaten los medios más
adecuados para favorecer Ia inmigración europea. Los capitales extranjeros comienzan a moverse en los
mercados do Europa y Estados Unidos, impulsando empresas que pronto se plantarán en nuestro
suelo”. Manuel Gutiérrez Nájera, “Los buenos tiempos”, El Nacional, 17 de marzo de 1881: 1, in Manuel
Gutiérrez Nájera, Obras XIII. Meditaciones PolIticas (1877-1894). Edit. Yolanda Bache Cortés (Mexico:
Universidad Nacional AutOnoma de Mexico, 2000) 85.

265



no longer in political turmoil but administering its future as a solid Republic. A sense of

the transformation of Mexico’s life by technoscience dominates this chronicle. ‘The

Good Times” combined two levels of narrative: the language of the cold reporter and

the impassioned poet that Gutiérrez Nájera was himself. The voice of the reporter told

the news, the events of progress. But the reporter also captured the historical

developing of his time and considered industrial power as the real cause of Mexico’s

progress. The dual man, Gutiérrez Nájera reporter and poet connected himself to the

changes he was narrating. The poet made a call to all Mexicans to be part of these

changes and to participate in the making of progress. It is technoscience —railways,

telegraphic cable, steamships— that put together all Mexicans. Both voices —reporter

and poet—symbolise the real and the imagined future of the nation under the unification

of material progress. Both voices invested in the language of confidence with optimistic

overtones, and rejected the unstable past. That was why Mexicans were living the

good times. Gutiérrez Nájera called for unity, as did his dual voices. Technoscientific

imagery served to convey both reality and historical change. Gutiérrez Nájera’s

newspaper chronicles worked as a mirror reflecting not only the technoscience of his

time but also the myths, assumptions, values, and biases of Porfirian society which

were associated with technoscience. Reporter by necessity in order to make his living

but passionate poet and writer by choice, Gutiérrez Nájera strongly believed, as many

others of his contemporaneous fellow citizens, in his essential role as a literary creator

and maintainer of technology, progress, and democracy. By 1888, Porfirian Mexico

was not only inventing the mechanised nation but materialising its progress with

concrete artifacts that became urban landmarks, symbols of Mexico’s emergent identity.

The same year, Gutiérrez Nájera wrote a chronicle that serves well to illustrate how the

DIaz regime was perceived as the crafter of peace, order and progress. The text, full

with high optimism, captured the historical reality of Mexico at the turn of the century.

The piece was conceived as a eulogy of Porfirio DIaz but it was also a summary of

material progress; and finally, it served as a historical analysis of the country:

There is no room in this article for even a brief synopsis of the progresses
achieved in1888, we do not say in the world but in Mexico. [...] In the country’s
internal political life it has to be pointed out, mainly, that peace reigns over the
nation and that the nation has confidence on its government. For long years, we
aspired for peace, as a supreme good, as an indispensable condition for our
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development, as the soul and life of work, and peace we have. But peace, as
every good fortune can be ephemeral, and as a guarantee that ours would not
be, it is the vote of confidence that the people have given to the present
administration by re-electing the President [...} General DIaz was before the hero
of the army, the popular hero, the hero of the Liberal Party: now he is the hero of
the nation. Under no other previous government we have seen such a solid
fusion of all national issues. Social life had, by force, to feel [the government’s]
influence, and in such a way we have seen how it was reanimated in the last
year, giving strength to commerce and industry.353

Since 1881, during the administration of President Manuel Gonzalez, Gutiérrez

Nájera said that there were two palancas or levers necessary to reduce Mexico’s misery

and crime: “Two branches of the public administration should concern our government

now: Fomento v Justicia (Industrial Development and Justice)”.354 Years later,

Gutiérrez Nájera had witnessed a pacified country and, with it, the fulfilment of the

ambitions shared by the common man and woman. However, peace had proven, as

asserted by Gutiérrez Nájera, to be ephemeral; therefore, it had to be maintained by

keeping the construction of industries and commerce. For Gutiérrez Nájera the

Porfirian government emerged as the historical champion of unprecedented progress

and that served to legitimise its re-election. He endorsed DIaz and believed not only in

the necessity of a strong political machine but in the exercise of centralised power that

could transform government policies into real material progress. The demand to deliver

social benefits was another long social expectation which was integrated in both

administrative and political discourses including those created by the print press. From

Original text in Spanish: “No cabrIa en este artIculo ni siquiera una brevIsima sinopsis de los
progresos alcanzados en el ochenta y ocho, ya no decimos en el mundo, sino en Mexico [...] En Ia vida
polItica interior es de señalarse, principalmente, Ia paz que reina en Ia nación y Ia confianza que ésta
tiene en el gobierno. A Ia paz aspiramos durante largos años, como bien supremo, como condiciOn
indispensable de nuestro desarrollo, como alma y vida del trabajo, y paz tenemos. Pero Ia paz, como
toda ventura, puede ser efimera, y garantIa de que no lo será Ia nuestra es el voto de confianza que el
pueblo ha dado a Ia administración presente reeligiendo al jefe del ejecutivo [...] El General DIaz era
antes el jefe del ejército, el héroe popular, el héroe del Partido Liberal: hoy es el héroe de Ia nación. Bajo
ningün otro gobierno se habIa visto una fusiOn tan estrecha de todos los elementos nacionales. La vida
social tenIa, por fuerza, que sentir su influencia, y asI hemos visto cOmo se animO en el ültimo año,
dando aliento al comercio y a Ia industria”. Manuel Gutiérrez Nájera, “1888”, El Partido Liberal, I de
enero de 1889, in Manuel Gutiérrez Nájera, Obras XIII. Meditaciones PolIticas (1877-1894). Edit.
Yolanda Bache Cortés (Mexico: Universidad Nacional AutOnoma de Mexico, 2000) 225.

Original text in Spanish: “Dos ramos de Ia administraciOn pUblica deben ahora preocupar a nuestros
gobernantes: Fomento y Justicia”. Manuel Gutiérrez Néjera, “Las dos palancas”, El Nacional, 8 de enero
de 1881, in Bache Cortés, 2000: 63.
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Gutiérrez Nájera’s perspective, the Porfiriato not only became a political machine

associated with the DIaz persona and his elite cabinet members but a modern social

way of life by itself. This way of life was crystallised in material progress, in

technoscientific artifacts that permeated deeply in the social imagery, shaping

Mexican’s perception of well being, of modernity, of what they called progress.

In the mechanical city of Gutiérrez Nájera, industrial and capital development

was at its height in 1888, as were political, educational, and health advances as well.

Gutiérrez Nájera was Porfirian, well educated, dandy, voyeur par excellence, modern

citizen, railway journeyman, newspaper chronicler, and literary writer. He was member

of the Mexican bourgeoisie that frequented the Jockey Club or attended the latest

Italian opera, and affirmed his role as a voyeur of technoscientific wonders and

connoisseur of urban landscapes. As Pablo Piccato has pointed out, a “consequence

of technological change was a transformed understanding of the city”. The tramway

— not electrical powered but using both steam and/or animal traction during Gutiérrez

Nájera’s time—356 was the epitome of modernity in Mexico City. As the railway

connected the nation’s countryside, towns, people, goods, and ideas transforming the

landscape forever, the urban tramway connected the remote regions of Mexico City,

and allowed the novelist to explore the city limits, while the machine of progress took

him to “[...] many unknown worlds and virgin regions”.357 The city and its urban space

were the subject of historical transformation connecting traditional neighbourhoods of

different walks of life with emerging high class housing developments. The social

Cf. Pablo Piccato, city of Suspects. Crime in Mexico City, 1900-1931 (Durham, NC: Duke University
Press, 2001) 25. Piccato elaborates on how modern transportation expanded the city, in particular,
tramway lines.
356 The first electric tramway in Mexico City was a battery-powered line that Alejandro EscandOn,
Governor of Mexico City —or Distrito Federal- operated from 1896 to 1900 around the grounds of the
Hacienda de Ia Condesa in Tacubaya. Cf. William Earl French, “The Nature of Canadian Investment in
Mexico, 1902- 1915: A Study of the Incorporation and History of the Mexican Light and Power Company,
the Mexico Tramways Company and the Mexico North Western Railway”, master diss., University of
Calgary, 1981; Mira Wilkins and Harm Schrôter (Eds.), The Free-standing company in the world
economy, 1830-1996 (Oxford; New York: Oxford University Press, 1998) 253-278.

Original text in Spanish: “[...] muchos mundos desconocidos y a regiones vIrgenes”. Manuel Gutiérrez
Nãjera, “La novela del tranvia”, in Manuel Gutiérrez Náiera. Cuentos completos (Mexico: Fondo de
Cultura EconOmica, 1984) 155. Also quoted by Pablo Piccato in City of Suspects. Crime in Mexico City,
1900-1 931 (Durham, NC: Duke University Press, 2001) 25.

268



division of class enforced by the Porfirian urbanisation of the space collapsed with the

single and artificial public space offered by the tramways. This city public transport

allowed Gutiérrez Nájera and many others to witness the material change of the

buildings’ architecture, the cluster of historical monuments on Reforma Avenue, and the

changing façades of the city’s views and its people’s faces. For the novelist, also the

traveller of his own story, “nothing is more bizarre and curious than a series of live-

snapshots that can be examined on a tramway”.358 Although these photographs were

not mechanical representations taken with a hand-held camera but captured with

literary-devices, the images and the gaze are intertwined in order to represent peoples

and city scenes. Gutiérrez Nájera anticipated in this short story entitled La novela del

tranvIa the forthcoming film-motion language by developing a series of little vignettes of

the urban people of late nineteenth-century Mexico. The traveller Gutiérrez Nájera was

not looking at but examining, observing critically, analysing people’s faces to decipher

who they were and where they came from. He imagined tragedies and moral dramas

and looked at the people getting on and off the tram as characters of a moving and

changing story as the tram made its stops and got going. The human dimension of the

many people together in the interior space of the tramway is recognised as the bizarre

and curious modern experience of life which was made possible by its machines.

Bizarre because the narrator-traveller was investigating the city’s different symbols

materialised in buildings, avenues, and new public spaces. For him, Mexico was not

downtown anymore, nor was the Palacio Nacional located at the heart of the Zócalo,

Mexico’s historical founding space. The city was like a “big turtle that extends its

dislocated legs toward the four cardinal points”359 because of the Porfirian developers of

material progress. The city as a turtle conveyed the low pace of traditional Mexico

against the fast rhythm and expansionism of mechanisation and its modern life-style.

The city was growing so fast and in all directions to the point that the turtle’s legs were

358 Original text in Spanish: “[...] nada hay mãs peregrino y más curioso que Ia serie de cuadros vivos
que pueden examinarse en un tranvIa”. Manuel Gutiérrez Najera, “La novela del tranvIa”, in Manuel
Gutiérrez Náiera. Cuentos completos (1984)154.

Original text in Spanish: “[...] gran tortuga que extiende hacia los cuatro puntos cardinales sus patas
dislocadas”. Manuel Gutiérrez Nájera, “La novela del tranvIa”, in Manuel Gutiérrez Náiera. Cuentos
completos (1984) 155. Cf. Pablo Piccato, City of Suspects. Crime in Mexico City, 1900-1931 (Durham,
NC: Duke University Press, 2001) 25.

269



almost dismembered. The tramway, vehicle of progress, symbolised the bizarre

transformations of the traditional urban space and its people. Gutiérrez Nájera’s gaze

captured this time both of the people travelling in the interior of the tramway and the

exterior city views, making one cohesive life-snapshot of the city and its inhabitants.

This curious spectacle of modern life is more interesting because, for the first time, the

novelist Gutiérrez Nájera used the city not as the setting for the story but as the main

character itself. Mexico City, at the end of Gutiérrez Nájera’s story, was no longer

recognizable but a space where people travelling on the tram discovered each other

living in a mechanical city. The writer said, “I continue in the car. It seems like

everyone’s going so pleased!”36° The celebratory tone of the narrator can be extended

to Gutiérrez Nájera’s own pleasure. City streets, buildings, parks, and regular people all

together have been touched by the mechanical power of steam and technoscience and

its multifarious machines. The well being, comfort and pleasant journey of people,

however, did not change their own personal dramas no matter at what point of the city

each one of the travellers-characters got off to continue their own journey in the

experience of modern life. In contrast, the mechanical city was still there, as illustrated

in Gutiérrez Nájera’s mini historical snapshot of Porlirian Mexico. Mexico City’s tram

was clearly the historical mechanised space were Mexicans had to learn how to

assimilate their personal journeys into a physical system (of capital and industries) that

was moving goods, people as goods, and transforming their conceptions of space by

time. As journeymen on board the tram, their social and cultural status was exposed

and disclosed by each other’s gazes. This decisive way of initiating Mexicans into their

new socio-cultural consciousness transformed forever the contours of the urban space

and of the countryside in which they were living, as the Porfirian mechanical revolution

continued to spread across the country with railways and trams and machines by the

turn of the nineteenth century.

360 Original text in Spanish: “Yo sigo en el vagon. iParece que todos vamos tan contentos!” Manuel
Gutiérrez Nájera, “La novela del tranvia”, in Manuel Gutiérrez Náiera. Cuentos completos 160.
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Chapter-Station 7: Sublime Artifacts: Aesthetics of Machines in Porfirian

Material Culture

The true picture of the past flits by. The past can be seized only as an image which flashes up at
the instant when it can be recognized and is never seen again [...] For it is an irretrievable image
of the past that threatens to disappear with every present that does not recognize itself as
intended in it.

Walter Benjamin, “Theses on the Concept of History”

What makes the first photographs so incomparable is perhaps this: that they present the earliest
image of the encounter of machine and man.

Walter Benjamin, The Arcades Project

In this chapter-station, the train journey consists of acts of gazing on virtual

machines. The analysis draws its methodology from semiotics, art history, and social

and cultural history.361 The evidence for interpretation consists of a sample of seven

photographs of engines built in the FundiciOn. The aim is to consider the object/image

relationship of machines, their materiality, and the ways in which the aesthetic of

machines (the look, feel, sound and other sensations produced or stimulated by

machines) became part of Mexico’s material culture. In general, the Porfiriato has been

characterised as the Mexican belle epoque,362 with its art nouveau decor in houses and

buildings, flamboyant imagery, and its own social elite and intelligentsia. But a visual

analysis of machines and their aesthetics as part of Mexico’s fin de siècle material

culture has not yet been undertaken. Within this context, technoscientific images and

361 In particular, I draw from Roland Barthes, Camera Lucida: Reflections on Photography (New York: Hill
and Wang, 1981); Walter Benjamin’s ideas about history and photography as developed by Graeme
Gilloch, Walter Benjamin: Critical Constellations (Cambridge; MaIden, Mass.: Polity Press in association
with Blackwell Publishers Ltd, 2002); Jonathan Crary, Techniques of the Observer: On Vision and
Modernity in the Nineteenth Century (Cambridge, Mass.; London: MIT Press, 1990); Caroline A. Jones et
al, Picturing Science, Producing Art (New York: Routledge, 1998), and Paul Virilio, The Vision Machine
(London: British Film Institute, 1994). My aim is to explore, from a general perspective, the historical role
of visual representations of machines as part of Porfirian culture. In doing so, my focus is not on
discussing the aesthetic differences between painting and photography as conduits of images and
symbols.
362 Cf. Arnold J. Bauer, Goods, Power. History. Latin America’s Material Culture (Cambridge, UK; New
York, N.Y., USA: Cambridge University Press, 2001) 154-156; William Beezley, Judas at the Jockey Club
and other episode of Porfirian Mexico (Lincoln: University of Nebraska Press, 2004) 14; Nick Caistor,
Mexico City: a cultural and literary companion (Oxford: Signal Books, 2000) 92; Enrique Krause, Mexico:
Biography of Power. A History of Modern Mexico (1810-1996) (New York: Harper Collins Publishers,
1998) 1; Claudio Lomnitz-Adler, Deep Mexico, Silent Mexico: an Anthropology of Nationalism
(Minneapolis: University of Minnesota Press, 2001) 241-243, and Collin McLachlan and William Beezley,
El Gran Pueblo: A History of Greater Mexico (Englewood Cliffs, N.J.: Prentice Hall, 1994)132-133.
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artifacts comprise the narrative of this chapter-station with focus on the image content

of photographs that represented the Mexican golden age of the machine.

In Mexico, the history of steam power had not been associated with mining, nor

with mechanisation, but with locomotion. Initially, the machine’s first attributes that

many Mexicans experienced were movement and speed. But the productive capacity

of the machine, the machine power that entails manufacturing on a large-scale has

prevailed in Mexico’s mechanisation over its aesthetic dimension. From the 1870s to

the 1900s, machines inspired an industrial imagination that colonised the country. In

Mexico’s visual culture, the presence of steam locomotives has been crucial, to the

point of shaping the ways in which Mexican intellectuals and laypeople explored their

country’s past and imagined their future. At the same time, the visual dimension of

machines had had an influence on other visual cultural traditions as, for example,

painting. Images of machine forms and steam locomotives were painted as portraits, as

Mexican landscape artist José Maria Velasco Gómez (1840-1 91 2) did on his painting

Canada de Metlac (1897) (Illustration 1).

In this painting, a train, comprised of two locomotives, embodies a powerful,

heavy freight hauler and fast passenger carrier as the central character. The image, as

constructed by Velasco, is also an iconic narrative. A lonesome steam whistle echoing

up the valley is almost audible, as one of the most captivating sounds in the Mexican

landscape that, in this region, combines the snow-capped Pico de Orizaba Volcano,

plateaus, trees and open skies. Also visible are the engines, billowing clouds of steam

and smoke. The steam locomotives, as captured by the artist, were a sight to behold.

The dark tones of the canvas, at the far back of the locomotives, and at both sides,

contrast with a luminous foreground that shades light over the train and the railway in

front of it that shaped the contours of land. This contrasting of black and white, dark

and light, day and night, suggests a machine emerging from a remote dark region,

making its way on to a gleaming path to follow by virtue of its own progress. But

Velasco seemed to envisage a machine that blended harmoniously into the open

countryside. The Mexican landscape was represented as the locus of both economic

and aesthetic value. Indeed, few machines have matched the steam locomotive’s awe

inspiring power. Velasco’s iconic paintings of machines represent also the speed and
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strength that inspired the admiration of Mexican writers as, for example, Gutiérrez

Nájera, Prieto or Sierra. Steam power and their thermodynamic principles served to

create a new aesthetic, as expressed in photographs, paintings, travel literature and

newspaper chronicles.

Another visual example of the aesthetic influence of steam power can be found

in the second volume, third section entitled ‘La Evolución Industrial’ or the ‘Industrial

Evolution’ of the classic of Mexican national historiography Mexico, su evoluciOn social

(The Political Evolution of the Mexican People) edited by Justo Sierra.363 The

illustration portrays both man and machines as entities in the world (Illustration 2). They

look natural, blended harmoniously as well. The visual surface was divided into three

parts, beginning from the front and moving to the far back. On the first one, we see a

man, half-naked, shoveling coal to feed a boiler that seems more organic than

mechanical. The man’s work is inherently associated with the machines. On the

second part, taking the central position, we see a Corliss type steam engine with its

flywheel spinning and connected to another boiler. The self-acting steam machines are

feeding what apparently seems to be hundreds of spinning machines, all of them

interconnected to form a massive factory system. Together they comprise the machine

of the machine. On the background and third section of the visual surface, many large

warehouse buildings, with their high smoky chimneys are depicted as part of an

imagined industrial landscape. On the top left-side, framing the illustration, there are

rounded light bulbs hanging in the air as symbolizing electricity. On the right-side

margin, as a decoration, we see a mixture of cotton flowers with their boIls split open

and orchids with their stems tethered. The flowers are slightly touching the engine’s

flywheel, as if they were venerating the machine. On the top margin, a long banner is

floating over the factory buildings. The names of Baranda and Antuñano are written on

363 Cf. Justo Sierra, Mexico, su evolución social: sIntesis de Ia historia oIItica, de Ia orpanización
administrativa y militar y del estado económico de Ia federaciOn mexicana; de sus adelantamientos en el
orden intelectual; de su estructura territorial y del desarrollo de su roblaciOn, y de los medios de
comunicación nacionales y internacionales; de sus conciuistas en el cameo industrial, agricola, minero,
mercantil, etc., etc. (Mexico: J. Ballescá, 1900-1901. EdiciOn facsimilar Grupo Editorial Miguel Angel
Porrüa: Mexico: 2005) tomo 2: 98.
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it. Manuel Baranda (1799-1861) and Esteban de Antuñano (1792-1847) 364 were

portrayed as liberal leaders and founders of Mexico’s industrial and commercial

progress. Baranda fought to preserve the national sovereignty during the Mexican-

American war; Antuñano, an industrial visionary, was credited with creating the first

modern factories in Mexico.

This illustration clearly represents steam power as the symbol of the nation’s

imagined industrial progress. Machines are rendered in side-views, with simple

sketches but with the intent of showing powerful motion. The cotton flowers and orchids

on the right-side can impart a wide variety of messages, but historically, the meanings

of cotton flowers have included nature and abundance. In this case, they are the raw

materials that would be transformed into manufactured goods as, for example, fabrics.

The meanings of orchids have included wealth, love, and beauty.365 Overall, the

images of this illustration mixed man and nature, raw materials and technology, and

depicted the world of machines as essentially male. Finally, the massive association of

spindle machines symbolises the large-scale mechanisation of Mexico driven by steam

power. This sublime industrial landscape also suggests a performative narrative,366 a

process of constructing a new historical subject, in this case, visual productions

involving mechanical processes which saw their peak in the decades of the 1890s.

364 Manuel Baranda (1799-1861) was in 1843, Ministry of Justice and Public Instruction. He reformed the
Mexican mining law, and in 1847, he was appointed by President Santa Anna as Ministry of Foreign
Affairs during the Mexican-American war. Esteban de Antuñano (1792-1847) was a textile magnate,
industrial promoter and close collaborator of Lucas Alamán. Cf. Chapter 5, 175-177. On Baranda, see
Francisco de Paula de Arrangoiz y Berzabal, Mexico desde 1808 hasta 1867. RelaciOn de los principales
acontecimientos polIticos (Madrid: Imprenta a cargo de D. A. Perez Durball, 1871) 226.
365 To the ancient Greeks, orchids suggested virility, and after the rise in popularity of orchid collections in
Victorian England, the meaning of orchids moved towards being symbolic of luxury. Orchids have also
been believed to carry various healing and protective properties, allowing them to ward off disease. The
Aztecs were said to drink a mixture of the vanilla orchid and chocolate to give them power and strength,
and the Chinese believe orchids can help cure lung illnesses and coughs. Cf. Joseph Arditti, Tiiu Kull,
and Sek Man Wong (Eds.), Orchid Biology: Reviews and Perspectives (New York: Springer, 2009) 219-
232.
366 am drawing from Hayden White theory of the historical text as a literary artifact. In this case, I see
this illustration as the assembly of a series of historical events into a narrative with a plot (performative
narrative). Cf. Brian Richardson (ed.), Narrative dynamics: essays on time, plot, closure, and frames
(Columbus: Ohio State University Press, 2002) 191-210. In the same volume see also Paul Ricoeur
concept of narrative time (35-46) and emplotment(94-101).
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Certainly, iconic images of machines and industrializing landscapes have been

an important medium utilized in paintings, illustrations and photographs for visualizing

material progress. Undoubtedly, there are aesthetic and semiotic differences between

such visual media. However, the focus of analysis is on how these visual forms

represented and utilized machines. In particular, the advent of photography had

profound implications for modes of communication, frameworks of knowledge and uses

of memory. From a historical standpoint, the photographic images taken of steam

machines built at the FundiciOn have to do with a reality that is always-already in the

past, as we can see the same past-temporal dimension in Velasco’s locomotives

crossing the countryside as well. What I mean here is that both meanings and

photographic images of machines are eventually defined at the intersection of

referentiality (context and discourses) and time. What we see in the previous examples

is transformed into the past by virtue of a surviving photographic image, painting or

illustration. But the visualized, the represented, remained in its totality, meaning, the

machines, the locomotives are still there as visual objects of our gaze.

Machines had been material physical entities, physical; so were their objectives.

The steam engines of the FundiciOn were, in principle, two-dimensional drawings

transformed by machinists and engineers into three-dimensional physical artifacts.

Then, after having been built, the machines were photographed. But photographs are

three-dimensional objects too, and not only a two-dimensional image. They exist

materially in this world as, for example, the photographs I have found in the Archivo

General de Ia Naciôn. In this relationship, archives are means of recording, ordering,

and disseminating information. Photographs are both images and physical objects that

exist in time and space and, therefore, in social and cultural history. The photographs

of engines also indicate that, as a rule, production plans were designed in order to

manufacture machines. This conclusion was based on the analysis of the engineering

plans of engines and boilers developed in Chapter-Station 3. Thus, machine builders of

the Fundición were familiar with orthographic plans and employed all the known

techniques of constructing such plans in the realm of Porfirian mechanisation.

But material, three-dimensional steam machines conveyed many meanings.

They were the expression of mechanical engineering, of arts and industry, in the same
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way that Velasco’s paintings had been the expression of the visual arts. Engineers of

the nineteenth century, in general, associated in their machine designs conditions of

mechanical work that was exteriorized by simplicity and hard, solid surfaces. They

constructed their artifacts from mineral, metallic, nonorganic materials, iron and steel,

that became elements of modernity and the aesthetics of mechanics.367 Machine

designs privileged neoclassic style in association with efficiency, manliness and

mechanical power. The look, feel, sound and other sensations that steam power and

machines caused, such as hissing, pounding and sparking, trains in motion with their

alternating rhythm of faster and slower pace, or whistling and ringing of bells, began to

be part of Mexico’s culture, as part of factories, as sounds and sights in the cities’

streets and the countryside.

Unprecedented thresholds of vision were created by new practical working

machines and engineering structures that were linked to steam engines and steam

power. The Mexican landscape was filled with bridges, railways, train stations and

telegraphic lines that circumvented mountains, hills, trees and plants. For example,

steam locomotion produced the railways system, a massive engineering work that

served as a powerful new imagining system. Mass transportation developed its own

train stations, decided where to stop, set schedules, and new ways of moving bodies

across space at inconceivable speed.368 Large-scale, steam-powered, industrial

machines were all a collective technoscience during the Porfiriato. Mexicans operated

machines as machinists, engine men, tram drivers or office workers. But the Porfiriato

was also the context for the domestication of machines, introducing a level of personal

leisure or use, for example, in travel, commuting to work, house appliances as sewing

machines, bicycles and more. In any case, machines are physical objects, artifacts

associated with technoscience, shaping politics, culture and the social. The evolution of

367 About the artificiality of modern life with particular focus on artifacts and industrialisation, Walter
Benjamin wrote the following remarks: ‘Organic world and inorganic world, abject poverty and insolent
luxury enter into the most contradictory communication [...]“. Benjamin considered the Parisian arcades,
glass-and-steel structures enclosing spaces between houses into exotic commercial zones, as emblems
of capitalist modernity. Cf. Benjamin, The Arcades Proiect (Cambridge, Massachusetts: Belknap Press,
1999) 827.
368 Readers interested on how railways produced industrial transformations in the urban and countryside
landscapes see Wolfgang Schivelbusch, The Railway Journey. The Industrialisation of Time and Space
in the 19tL Century (Berkeley and Los Angeles: The University of California Press, 1986).
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machines and artifacts had been neither seamless nor unidirectional. Their power as

historical objects had been, at the same time, rich in subliminal and imaginary life, as

captured and elaborated by painting and photography. The photographs of the steam

machines built at the FundiciOn represent cultural evidence within the Porfirian

mechanisation and industrial capitalism. Such images of machines suggest points of

contact between the old and the modern Mexico, and compel us to include in the history

of technology the power of artifacts and machines themselves as actors that shaped

and impress in different ways our understanding of the past.

277



Station 7.1. Photographic Investigation of Porfirian Machines

The photographic image is inherently ambiguous. A photograph only becomes a

document, in this case, perhaps, about the mechanical capacity of machines built by the

FundiciOn, or a document about progress for Mexican government officials, or, jobs for

machinists, when the photograph is connected to its functional context. Its true nature

cannot be discerned from the form or even content of the photograph alone. Its

evidential value, linked to a message of financial investment, labour opportunity, or

technological adaptation, only becomes clear when the image is returned to its broader

context of production, purpose, and use. The value of the photographic image and its

role in the history in which it participated is not inherent in the content of the image or

embedded in the intrinsic and extrinsic elements of form. Rather, it is anchored to the

functional context of creation and cannot be deduced from the image itself.

The informational value of a photograph is fixed by its content; its evidential

value is neither absolute nor static, but rather varies with the multiple circumstances of

document creation. A photographic image may become several, separate photographic

documents, as for example, for the FundiciOn and for Fomento. A photograph created

for one purpose may later be employed to serve others. Identical prints, each a

complete original, may be made at different times for different purposes to circulate in

different discourses (corn mercial, technoscientific, political, economic, journalistic,

aesthetic) and may even serve diametrically opposed functions. Each time a negative

is printed, each time a print is used, the photographic image is transformed into a

photographic document created by an author with a purpose to convey a message to an

audience. And each use must be understood as within a distinct, though sometimes

interrelated, context of document creation with a change of message from one context

to the next. However, neither the meanings of these photographs, nor their message,

nor their archival value, nor their authority reside in the veracity of the artifacts

represented; none of these are apparent through a simple analysis of photographic

form, but can only be understood within the broader context of the process and

purposes of document creation within the Fomento offices and the Archivo General de

Ia Nación. Thus photographs were an integral part of the means by which the Mexican

government and the Fundición communicated their decision-making, implemented
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policies, and manufactured consent. In addition, photographs conveyed, in a non-verbal

way, the ideological context of values and beliefs that informed and animated official

policies and practices. In other words, the images of steam machines built at the

Fundición constitute an important interface between institutions and individuals.

Whenever the Porfirian Mexican government and the FundiciOn had chosen to

communicate certain kinds of information, values, and beliefs through photographic

documents, the very choice of the photograph as the carrier of information extends the

connection between the archival document and the juridical system to the broader

social, cultural, intellectual, and technological systems in which the camera, acting as a

powerful observer, is also a ‘point of intersection’, where many aspects such as

technoscientific, and aesthetic discourses overlap with mechanical techniques,369

institutional requirements, and socioeconomic force. The photographs of engines built

in the Mexican foundry of Mazatlán (Photographs I to 7) warrant close scrutiny as

objects, images and symbolic space because their shifting cultural meanings are deeply

embedded in the complex and dynamic relationships between visuality and physicality,

object and narrative, history and memory, author and audience, indexicality and

instrumentality, codified engineering knowledge and machinists’ tacit knowledges.

Traditionally valued in curatorial terms as the work of a prominent photographer, on the

one hand, or the products of an early image-making technology, on the other, these

images are also physical objects. Their social functions, as evidence (artifacts), or as

testimonies (reminder of personal or collective experiences) are inextricably linked to

their narrative functions: as visual records of mechanical performance, as concrete

expressions of technoscientific adaptation and as material residue of acts of

communication between the Fundición and the Mexican government. In order to put my

gaze on the photographic images of steam machines, analysis proceeds in a layered

and cumulative approach through two sections. The first considers the photographs

specifically in terms of content and context. The final section examines more closely

issues of materiality and meaning. Approached this way, these images of machines

emerge as a symbolic space of mechanisation and material culture in Porfirian Mexico.

369 Cf. Jonathan Crary, Techniques of the Observer: On Vision and Modernity in the Nineteenth Century
(Cambridge, Mass.; London: MIT Press, 1990) 8.
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Station 7.1.1. Content and Context of Photographs of Machines

The whereabouts of the negatives carried back to Mexico City, presumably by a

professional photographer who worked in Mazatlán, have yet to be ascertained. Also it

is not known whether Fomento officials ever received them. However, photographs

preserved in the Archivo General de Ia Nación (AGN) in Mexico City are direct images

of steam engines built between 1891 and 1906, descendents of engineering plans

made by Alejandro Loubet Guzmán or, perhaps, some any other technical expert from

the Fundición. The photographs (measuring 10x14 cm) are housed in boxes fifteen and

sixteen of the section Fomento, Industrias Nuevas, lined with no specific order and

pinned on a plain paper. Up to this point, it has been assumed that these photographs

were originally intended for Fomento. The images were perhaps taken simply to inform.

However, after careful reconsideration of their materiality and content it is possible to

put forward the existence of a professional photographer who framed the images in

ways that are beyond that of merely informing.

The assumption of a photographer visiting the workshops of the Fundición

suggests that everyone in the foundry, and in Mazatlán, was able to admire recent

constructions of machines. The photographer was commissioned by the foundry to

take images of the engines and boilers, and then, somehow, those images were part of

the technical reports elaborated by engineer Natividad Gonzalez who submitted them,

along with the photographs, to Fomento. At this point it is important to bear in mind that

reports and photographs were complemented with engineering drawings of machines.

Thus, images and technical representations of machines comprised abundant evidence

to prove the materiality of steam machines.

However, in the case of photographs, if negatives were processed in Mazatlán,

as reports were written too, because the photographer was a local, as engineer

Gonzalez was as well, those images would be stored either in the foundry, as

commissioned work, or in the private chambers of our unknown photographer. From a

logistical standpoint, it was easier and less costly for the FundiciOn to commission both

photographer and engineer locally, in order to fulfill the technical requisites of Fomento.

In addition, after close examination of documents pertaining to the Fundiciôn in the
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AGN, there is not a single indication of the author(s) of those photographs that can

refute this assumption. This hypothesis, together with the photographs stored in Mexico

City, permits closer consideration of the visual image, the objects within the image and

the political pretexts of viewing. The names of Alejandro Loubet, along with those of

Natividad Gonzalez and bureaucrats of Fomento, in this account frame the social,

political and cultural functional contexts in which to explore the significance of these

photographs, their meaning(s) as visual images and their social life as physical objects.

Briefly, the photographs show steam engines, some are numbered, some not,

and, in some cases, plaques have been included, with the names of the businesses or

persons for whom the machines had been built. Technical dimensions are visible in

some images, and others have included workers posing with the engines. Not only

were these photographs material objects in their own right, but contained within the

image were key, culturally significant, material objects (thermodynamic artifacts,

contractors, machine parts, and machine workers) each with its own story to tell: about

the FundiciOn, about the two machinists and their participation in the photographs, their

existence in the Fomento reports, the photographer who made the images possible and

the businesses that purchased the engines. In short, these images were part and

parcel of the sociotechnical life of diverse groups of individuals.

At the same time and through their social life as objects, these photographs can

be considered as the material residue of acts of visual communication between an

institutional author, the FundiciOn, and audience, the Mexican government. Whomever

the material author of the photographs, his camera was a point of intersection between

sites, messages, and audience. Images bridged distances and comprised the visual

communications between entities. These images of machines were created with

authorial intent to extend the engineering capacity of machine builders of the ES and to

carry their socio-political narrative across time and space. The surviving photographs

are tangible evidence of a message from a Mazatlán foundry with a business goal to

confirm their highest level of mechanical-engineering authority in Mexico.

The extent to which these images of artifacts represented commonly held notions

cannot be determined from the photographs alone. Nor can they be credited with
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constituting notions of Mexican industrialisation because actors involved in the acts of

communication had different understandings of technology and machines, as explained

in previous chapters-stations. As unique images (I have not found or seen any other

similar images in Mexican literature), as objects for a specific audience, they did not

circulate among the public and had a limited sphere of influence. Nevertheless, they

had the potential to link specific interests which were more or less aligned to the political

intentions of the Porfirian machine. The fomento policy conditions for fostering

industrial development created independence for the FundiciOn but at the same time,

prevailing tensions between fiscal, economic, fomento and educational polices

complicated the context of these seemingly innocent images of machines. In the light of

these prevailing tensions, the photographic image of steam machines is recast as a

serious, politically charged message, an active response for the industrializing interests

of the Porfiriato. Clearly, to understand such photographs, their visual content must be

placed in context; yet, never far from the surface of any analysis of the image must be

an awareness of their social life as physical objects, for it was through their material

form that their message was transmitted.
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Station 7.1.2. Materiality and Meaning of Photographs of Machines

While the aesthetic qualities, pictorial conventions and historical circumstances

of creation, circulation and viewing are important for understanding the photographs of

steam machines built in the FundiciOn as visual images, their meaning did not reside

solely in their informational content. Nor were these photographs circulated and viewed

purely as visual images. Instead, their visuality, like that of other images, including

engineering plans, was inextricably bound up in their physicality; their image and

message of mechanical artifact and technoscientific advancement were tied to, and

transmitted through, their materiality as well as their function as evidence. Therefore, in

addition to their essential nature as physical objects and their message as visual

images, we must consider the meaning-making attributes attached to their materiality,

and the ways in which their messages were framed, circulated and comprehended

through their physical form.

The small-format, black and white photographic images of engines were taken

on site. As industrial products, steam engines were linked to localized production.

Thus some of the workshops of the FS were transformed into a primitive studio or

backdrop to prepare a visual montage of artifacts. Engines had to be moved and set up

for the camera, a task that required additional work. In general, photographs rendered

finished machines or partially completed engines. Images did not explore beneath the

engine’s metallic skin the more complicated systems and internal workings of the

mechanical life within. For example, machines were not moving, turning, tilting and

bumping. The photographer’s intent was to portray them as mechanical icons ignoring

their perlormative characteristics. They seem to be posing for the camera as models

posed for the painter in the studio. The images reproduced the contemplative nature of

‘nature morte’ or ‘still life’ but instead of floral pieces or fruits, images captured iron-cast

and steel engines. Because the camera was presumably a fixed stand-still, light was

necessary to contrast with a white back wall. These conditions gave the setting a clean,

but empty, view. The sanitized setting, however, suggests that the photographs

portrayed the FundiciOn from the inside but their interiors were never shown. We see

their products as from the outside. The images are ambivalent or adoring; they gaze

from afar. The engines are rendered as exotic aliens that appeared the products of a
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miraculous birth. Images have no specific focus on any machine parts. But we can see

the systematised geometry of engines, their standard components, their assembling

sections and their motionless features. The images are narrative-free, exhibiting but not

suggesting. The iron and steel forged elements of the engines remind us of the

nineteenth century romantic concept of the sublime, of human beings overwhelmed by

an immense essence, in this case of mechanical nature. According to David Sandner,

the conceptualization of nature during the Romanticism has been called “the natural

sublime”370 In a sublime moment, Sandner says, the act of contemplating a natural

object produces an aesthetic rapture, which inspires an ecstatic feeling, revealing the

transcendent. In general, the essential qualities of the romantic sublime are

boundlessness and indefiniteness. In contrast, the juxtaposition of nature and

machines appeared as mechanical species in their environment. Furthermore, the

images show a globalised vision of the mechanisation that was taking place in the

Mexican society of the time, in which man and machines seem to coexist in different

spheres.

The visual approach also reveals that different physical distances were used to

produce these images. Sometimes, images amplified the artifacts, oftentimes flattening

their proportions. Images only portrayed side-views that made the perspective similar

to the mechanistically ordered elements of the engines. But the gleaming metallic

cylinders, piston roads and other machine parts, including their mirrored surfaces, in

some photographs, distorted the light, concealing the metallic-colored die-cast shapes

of the parts. In many images, the engine’s surfaces combined wood, bronze, and iron

casted pieces, such as pipes, valves and frames, contrasting the visuality of the rest of

the elements. As a result of light distortion and the use of different perspectives,

images seem to be adding, for example, a superfluous flywheel to a perfectly functional

machine. Artistically speaking, these images are not sophisticated and were not

motivated by aesthetic need. The photographer is far from accessing the machine.

Rather, his visual images mustered specific historically bounded activities: a place

producing engines somewhere in the past. The objects within the images,

370 Cf. David Sandner, The Fantastic Sublime: Romanticism and Transcendence in Nineteenth-Century
Children’s Fantasy Literature (Westport, Connecticut: Greenwood Press, 1996) 49-66.
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nevertheless, depicted mechanical and engineering forms, definite shapes of design,

and models of industrial progress.

Another important feature is that images rendered not only a thriving industrial

order but at the same time an emergent corporate identity. Yet, the name of the

foundry was not displayed in a corporate logotype. Simple and trivial plates with the

name of Fundición de Sinaloa imprinted on them were attached to the engines or some

times the name of the foundry was written on boards that were placed adjacent to the

machines when the photographs were taken. This rudimentary visual corporate identity

of the FundiciOn reduced the narrative-message of images, and certainly, this aspect

was not considered to be crucial. In contrast with the almost ubiquitous corporate icons

of other machine-builders in the United States and Europe, we find no echo of this logo

identity in the Fundiciôn. Nevertheless, the images of these extraordinary mechanical,

kinetic, and thermodynamic artifacts have a signature style when compared to other

similar engines built at the time, as explored in Chapter-Stations 2 and 3, when the train

travel explored under the machine’s metallic skin to get, as it were, the real meat of it

all.

In general, these images convey naïve optimism with mechanical objects, a

revered access into Mexico’s new love affair with machines and technoscience that took

place at the level of mechanical systems and productive forces. Thus the new industrial

aesthetic that became common among Mexican artists was a mode of production of

manufactured goods where the sublime mechanical experience was associated with a

“masculine empowerment”.371 The photographs emphasized both icons of machine

products and male figures. However, the identities of the image creator(s) and the

workers who appeared posing with the machines are unknown. The photographer(s)

seemed to ignore, in a larger sense, that the substance of his images was telling a story

of what was going on in the FundiciOn. His interest was on picturing the machines, not

the workers. Only two depersonalized workers were present in the images. Thus

anonymity is another signature style of these images that served as vehicles for

371 Cf. Anne Kostelanetz Mellor, Romanticism & Gender (New York: Routledge, 1993) 85.
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exploring a symbolic investment in machines, as a way of exhibiting mechanical works

that resonate with the largest issues of mechanisation in Porfirian material culture.

The male figures posing are noteworthy. We can see two different men, one of

them appearing one time only. Both men, probably machinists from the Fundición,

were dressed in greasy, regular working clothes. They were both ‘touching’ the

engines, in particular, the large flywheels, and placed themselves either to the sides or

in front of this iconic feature of steam engines. The masculine empowerment not only

comes to mind, but also a gendered construction of technoscientific machines. The

message can be read as men do make machines and some of them are photographed

with machines. The associations between male figures, male gazes, and mechanical

artifacts that produce images of other mechanical artifacts established a gender

boundary that enhanced the aesthetic value of steam power. The men and their perfect

machines speak for the patriarchal and male-oriented social culture that characterised

the Porfiriato.

Following our previous focus, there is one photograph that shows an exception in

the personal attire of the machinist who served as the main model. The greasy and

regular working clothes were replaced by clean, white shirt and pants, shiny black

shoes, and a colorful bow tie. The dressed up man is posing in front of a tall flywheel,

visibly higher than him, while the man is touching the engine with both hands; left arm

extended and touching the upper side of the flywheel and right arm bent and touching a

big crank-disc from behind. The image was taken from an angled perspective (from

right to left) to show the machine’s gigantic proportions. The posing man served to

contrast the monumental mechanical nature of the engine with that of the machinist who

worked to create it. This image seems to emulate those other images of engines and

heavy machinery exhibited in the machine halls of many world fairs celebrated during

the nineteenth century. The engine, a double compound, horizontal, high-pressure,

looks clean, shiny, totally completed, and the focus of the image is neat, carefully

worked.

This image suggests another visual use other than documenting production or

the amount of horsepower units to calculate payable royalties. The machinist, a creator
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himself, and the photographer(s), another creator(s) as well, were both including

themselves and their images and artifacts as part of the industrial aesthetic and

machine on display. Judging from the better quality of this image, and its intended

message, it could be possible that another photographer was participating when this

image is compared to the rest of previous images. This romanticized and restful view is

more commercial than artistic but bears a fascination with the machine and suggests

that every person, as a machinist, could be an artist, and every social interaction,

machine building and photographic images of machines, could become art. But the

mediation of the camera is intrinsic. The solitary magnificence of the engine, the strong

gendered connection in the relationship with both photograph and mechanical

engineering, conveyed a view in which technoscience and humans were aesthetically

useful only if they could be manipulated by the gaze of the mechanical image.

At this point of the analysis it is also crucial to briefly consider the role that the

anonymous photographer(s) played while making these images. A lot of his work

depended, for example, on the type of machines, in this case, large, horizontal steam

engines. The engines’ dimensions presented a problem of space that was resolved by

preparing a setting inside the workshops of the foundry. However, indoor settings with

high ceilings and bad backgrounds create another critical aspect: light. As photography

had always been a matter of illumination, this aspect was a serious challenge for

achieving the correct exposure of images because engines were exposed to artificial

lighting and not natural daylight. Artificial lighting generated false colours that at the

time were hard to correct while developing negatives. Furthermore, this aspect was

negatively reinforced by the gleaming and shining materials of engines. But the

composition of the images was never intended to show that much detail and this

decision served to facilitate the work. Also, because people were included in the shots

and the movement of their bodies and that of the engines were frozen, other

complications were oversimplified. Finally, choosing a correct view had to do with the

setting, the lighting, the dimensions of machines, the rendering of full shots, and the

inclusion of people. All these features had to be considered, and, in the final outcome,

an aesthetic of machines was produced. The anonymous photographer(s) retained, to

some extent, the choice of subjects and settings. But the mechanical apparatus, the

maker of the mechanically produced images, mediated the visuality of those artifacts as
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a response to industrial technoscience and not as a way to express an aesthetic of

beauty. Thus the engine’s images were the products of mechanical intervention

between reality and its representation.

These early industrial images, in general, rare and unique in Mexico’s visual

culture, can be seen as a way of visualising the mechanical revolution that was taking

place during the Porfiriato. In contrast to Velasco’s iconic images of steam locomotives,

the images of the engines of the Fundición did not have any traces of the harmonious

relationship between nature and humans. On the contrary, these mechanical

engineering creations, intentionally posing for the camera, replaced the traditional and

natural Mexican landscape with an industrial one. The intentional posing of engines

can also be interpreted as a way to produce individualised portraits of machines, no

matter how generic artifacts they were, and no matter how their images looked alike.

Within the standardisation of machine design, the signature style of the FundiciOn

appeared in these images that portrayed machines as entities in the world.

The particularity of the images of machines of the Fundición de Sinaloa invokes

the visual language of ‘mechanical subjects’ while challenging us to examine notions of

progress and industrial power during the regime of Porfirio DIaz. The photographic

images accomplished this display by choosing imagery directly of steam machines

produced in a concrete industrial setting during what we can call the golden age of the

machine in Mexico, from the 1870s through the 1900s. The anonymous

photographer(s) captured the messages of these ‘mechanical subjects’ through the use

of black and white shots against a simple back drop.

Together, engines comprised the immediacy of machines aimed for composing a

theme for a fin-de-siècle industrial landscape that gathered imagery to produce

industrial evidence. The photographic images portrayed a timeless force of industrial

development dominated by steam power. Images encompassed mechanisation and

other scenes that mingled male empowerment, gendered constructions of artifacts, and

an aesthetics of optimism that were felt at the turn of the nineteenth century. All these

images bear a signature style of anonymity and mechanical performance. The images

denoted intent to exhibit machines, like at an exposition, for the gaze of government
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authorities, machine workers, business partners of the FundiciOn and many possible

anonymous viewers. The modest technical composition of these images also

encompassed two different approaches of coming to terms with the image of the

machine in Porfirian contemporary culture. One was the idea of pursuing photography

as if it was a painting task. As a result machines were portrayed as individualised

entities, although, ironically, within a photographic image. The second approach was to

capture iconic images of machines, depicting a mechanical stasis as if engines were

sculptures with frozen movement and other kinetic features that were disembodied from

the hardware of the machine. In essence, both approaches combined the conventions

of traditional visual art culture but the machine replaced nature as subject. Since the

late 1870s, steam power and machines were seen increasingly as necessary vehicles

for transporting and mobilising. Given the new power of photography as an emerging

visual culture, the machine was seen as art rather than hardware, constraining

mechanical performance rather than transcending it. To us, these images of machines

are nothing but a clanking anachronism, relics belonging to another era. But the

mechanical age that began in Mexico during the Porfiriato was more than a pile of all-

artifacts-junk because such artifacts represented a dramatic social and cultural change

that we have been exploring.

Another relevant aspect is how the photographs draw from and reference other

visual media. The embracement of painting suggests the close proximity between the

photographic visual representations and classic painting of the period. The beauties of

nature and all the pleasures of sense are replaced by artificial entities and their

mechanical nature of engineering performance. Nature is not represented nor is its

enjoyment the reason for its visualisation. Nature is transformed into man-made

artifacts and their images presented as the machines of man, not man and the

machines. Yet, there are images of man and the machines that seem to be focused on

the power of machines and workers but from a sublime perspective. Workers are in

close proximity to the machines and there is no danger or scenes where the workers

became the machine by using the physical strength of their bodies. The workers were

not shown in control of their floor-shops or workplace or in control of the powerful

engines. However, workers exhibited a deliberate controlling mastery over the

machines. Their bodies’ postures suggest that they were proud creators of machines.
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In general, the photographic images of engines of the FundiciOn, to some extent,

explored the culture of work that was emerging during the industrialisation of Mexico.

Yet images did not reproduce the atmosphere of the foundry nor the machines nor the

tools nor workers who used them to build the engines. Images are not portraits of

industrialisation but portraits of mechanisation. Also the managerial and business side

of the FundiciOn was not explored in the selected photographs. Emphasis was placed

on the machines and less on the workers. The system of social control, manifested in

the hierarchical system of management established by engineer Loubet, foremen and

other actors inside the foundry was not exposed; in fact, it was never considered. The

images identified with final products. Engines were depicted as clean machines,

correlated to the maintenance of efficiency achieved by the work of invisible machine

builders controlling the power and energy of the machine building process. Indeed,

images of engines had a poetic quality but the machines were not displayed to illustrate

their complex mechanical components and processes because the gaze of the

photographer(s) never understood or seemed to ignore how they worked before setting

out to picture them.

As the act of exhibiting machines unfolds in each photograph, we can only

wonder at the unique relationship that humankind has developed with the artifacts it has

created. The images evoked the power and energy of engines in these portraits of

machines as latent forces, ready to wake up and be set in motion at our command.

They looked like sleeping mechanical creatures that had been put under a spell by the

wizards of the Fund iciOn. These visual images tell us the history of the machines’ own

origin. They also portrayed the engines on-location role, as ready-to-work machines

that had been put on public display. But these images did not convey who were the

creators that built the machines and the work culture of the foundry. However it must

be remembered that when these photographs were taken and developed, these

machines were the modern technoscience of the time. The machines may have been

new technology, but they were the products of the work that was being done by the

machine builders of the FundiciOn.

In looking at the images, we can get the feeling that through work, the

depersonalized workers were sharing a legacy from ages past. In reflection on this
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point, the images of engines of the Fundición are a manifestation of the material culture

of Mexico during the Porfiriato. These images can also be used to describe a working

force (the Fundición) that was in control of the vast amount of processes to build

machines, and the amount of power and energy that those steam engines could expel.

Although on a primitive level, images vaguely reflect a synthesis between the worker

and the machine, what these visual representations put an emphasis on was the act of

creating iron and steel machines. Yet, the larger picture speaks of the mechanical

revolution of Mexico with the machine and the industrial forces that accompany it,

forces that are visualised as sublime and powerful.

In this historical reconstruction, the train travel by itself was aimed to explore

points of contact between machines and people. This journey was undertaken to

disclose hidden connections: from under the mechanical skin and inner workings of

engines to the visual representations of steam machines. The diversity of analysis,

methodologies and facts utilised and studied, underlies the rich and diverse

interconnectedness of machines in processes of mechanisation and industrialisation,

and the Porfirian sociotechnological relationships and material culture that was

emerging as a result. The historical technological adaptation made by the FundiciOn

encouraged the train travel and offered a new way into looking at the Porfiriato as the

setting for Mexico’s mechanical revolution by emphasising cultural perceptions of

machines within every day life.
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Chapter-Station 8: Conclusion

Traditionally, every train used to have a caboose at the rear of it. One of the

commonest types of caboose had a small window projection on the roof known as a

cupola from which the crew could monitor the entire train. In the same manner, this

chapter-station is the ‘caboose’ from which we inspect our train travel through the

complex interactions between steam machines and diverse social groups during the

Porfirio DIaz regime.

This study took shape through the analogy of train travel to develop readings and

interpretations about technological artifacts. As in a railway system, chapters were

conceived both as stations and as stops. Although each station stands alone as a self-

contained travel-story unfolding within local and international contexts, all are

historically linked through a one-way trip approach in relation to mechanical

engineering, social, political, and material culture. To undertake this travel, the use and

interpretation of visual sources, engineering drawings and photographs of steam

machines, as some of the major sources for the work, was complemented by other

archival documents and secondary sources. The study also included the accounts of

those who witnessed and experienced the social and cultural effects that

technoscientific artifacts set into motion in Mexico beginning at the turn of the

nineteenth century.

As shown in this study, the material specifically of the case of the FundiciOn itself

represents a significant chapter within the history of technology. It embodies a situated

process of technological adaptation linked to local and international contexts of steam

engineering as developed during the nineteenth century. The case of the foundry had

shown that machine construction based on thermodynamic machines and designs was

the outcome of situated practice and the mediation of networks operating within local

and international contexts. In particular, from now on, technological adaptation of

steam power in Mexico has to be incorporated into the analysis of the Porfiriato. At the

same time, this technological adaptation has to be linked to local and international

sociotechnological arrangements characterised by the participation of machine

constructors who were instrumental in international processes of mechanisation leading

to industrialisation and economic expansion during the period in question. From this
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view, foreign machine builders were not exclusive participants in mechanising the

country during the Porfiriato. The FundiciOn de Sinaloa and the development of its

system of machine construction deserves some credit, but, it also deserves more and

better avenues for its analysis. In particular, the acquisition of technical skills on the part

of workers requires further research to substantiate the assumption made in this study

that there were hubs of Mexican machinists who gained tacit knowledge about

machines during the nineteenth century. The topic of Mexican machinists and technical

groups is a subject that is almost always overlooked or superficially developed in the

literature. However, as has been shown, machinists and skilled workers had to have

been key players in the construction of the system of machine building of the FundiciOn

de Sinaloa.

In this study, I have characterised the Porfiriato as a locus where an array of

interconnected processes took place, especially those of mechanisation,

industrialisation, sociotechnological relationships, and material culture. In particular,

within this context, I have considered the case of the FundiciOn de Sinaloa as a site

where technoscientific translations were carried out by the owners of the foundry

(Loubet, the Echegurens and the Redos), machinists and the networks that they

created in order to support a system of machine construction which was based upon the

steam engineering of the nineteenth century. In this manner, the machines built in

Mexico by the FundiciOn de Sinaloa —the mechanical subjects of this study— represent

a unique case of technological adaptation that does not conform to the generally

accepted model of technology transfer developed by economic historians focusing on

the Porfiriato.

The premise of ‘translation’, instead of transfer, better captures the dynamic

processes of technological adaptation to suit the conditions of diverse settings, across

cultures and time. The multiple levels of translation explored in this study reveal that

machines and steam engineering required the mediation of technical experts, of

engineering drawings, of specialised knowledge, and of experience in the practice of

design and construction of machines in order to make possible the translation of

technoscience into Mexico. For these reasons, particular focus has been given to the

actual reconstruction as well as to those that were likely to have happened of the many
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translations made by the FundiciOn —in particular, those made by engineer Alejandro

Loubet— which led to the development of machine building. As a result, the FundiciOn

adapted, through and by situated practice, a unique system of machine construction

shaped by the national and international conditions of the period. In addition, the case

of the FundiciOn, by itself, reshapes our understanding of technology as something

different from that of isolated individuals envisioning inventions. Instead, technological

adaptation has emphasized the interplay between different translations, and the

collective nature of the processes that mobilised diverse actor-networks, in time and

space, and from one place to another.

The framework of actor-networks made possible the conceptualisation of

machines as historical actors —in this case steam engines— engaging with other actor-

networks while creating sociotechnological arrangements. This understanding

contributed to the description of the context of Mexico’s mechanisation, within which the

machine building of the FundiciOn emerged, as a long historical process rather than as

a discrete event, a process that linked national and international relationships between

machines, technologies and diverse social groups. Mechanisation during the Porfiriato

comprised series of intense translations from Europe and the United States into Mexico,

of machines, know-how, engineers, technicians, machinists, machine traders and

manufacturers, politicians, businessmen, and the construction of local and international

networks of steam engineering. As a result of these complex translations, many

boundaries common to the analysis of both past and present faded away. Science,

technology, engineering, and craftsmanship were not separated actions but integrated

activities undertaken inside the workshops of the foundry of Mazatlán. At the same

time, this study has made explicit that machine building was not solely the outcome of

technical adaptation but that it also required political and economic power to construct

the technological system of the Fundición. In turn, this process of system-building that

was aimed at maintaining machine building was compounded by a set of

sociotechnological arrangements oriented to producing machines in response to the

increasing demand generated by Mexico’s industrial expansion.

To recapitulate, this case study of the FundiciOn reveals that technological

adaptation based on steam engineering was possible in Mexico by the late nineteenth
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century. The conjunction of favorable local and international networks, the interplay of

translations, the actions of the system-builders of the FundiciOn, and the adaptation of

machine building through and by situated practice, consolidated the technological,

organisational and financial capabilities that were necessary for launching the FundiciOn

into the business of machine construction, and to compete, to some extent, in the

market for machines.

The mechanical revolution that commenced in the early 1870s under the

patronage of the Porfirian machine, in specific through and by the role played by the

institution of Fomento, was instrumental in facilitating and expanding the local

conditions that helped lead to the emergence of the FundiciOn as a machine builder. In

particular, this study found a direct historical link between the institution of Fomento,

and its policy of industrial development, and different and contested understandings of

‘development’ and ‘material progress’. Fomento has been the historical site where

different social groups envisioned plans to mechanise Mexico. As part of the Porfirian

networks, fomento policy was the political expression of ideas and notions about

development that, over the years, shaped how Mexican governments, politicians,

entrepreneurs, intellectuals, and the society at large, understood machines and artifacts

as the means to foster Mexico’s development. Through the analysis of the historical

evolution of Fomento, on the one hand, and the relationship between Fomento and the

Fundición, on the other, the study also found that Porlirian officials did not have a

specific notion about technology. In practice, technology was understood as industrial

development, and thus it was subsumed into economic policy. As a result, Fomento did

not have during the Porfiriato any specialised office to foster technological development

or to promote machine construction in Mexico. Yet, the FundiciOn proved an

extraordinary exception by doing just that. Its particular circumstances proved also that

fomento policy was not applicable to protect the foundry from international competitors

and that Porfirian officials never associated the Fundición as a player within the

country’s process of mechanisation. As shown, despite the fact that Fomento did not

contribute to enforcing more favorable fiscal conditions for the Fundición, the combined

efforts of the business partners and machinists of the foundry helped to capitalise on

the current mechanisation that was taking place in the neighbouring regions of
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Mazatlán. In consequence, a market niche in the country was available for the

FundiciOn.

Nevertheless, those favorable conditions and markets were limited. Porfirian

policymakers fostered the country’s industrial development based upon the massive

introduction of imported machinery into Mexico in order to modernise the country’s

transportation system and its industries. In practice, however, supporting this model of

modernisation led to contradictory results. Industrialisation was not necessarily

associated with machine building but linked to divergent ideas about progress and

visions about development. In general, machines were required as vehicles to fulfil

such ambitions but were conceived predominantly as foreign inventions. Thus the

mechanisation of the national manufacturing sectors was the outcome of a heavy

reliance upon American and European machines and technologies that followed from

the close link between national capital and political groups with powerful international

capitalist interests. The Fundición began its machine construction in the middle of

intense influxes of foreign machines, engineers, technicians and skilled workers who

came to Mexico to control, operate, and maintain the sociotechnological arrangements

that characterised their historical association with the Porfirian machine.

At the same time, those sociotechnological arrangements created ancillary

problems as well. In the specific case of machinery, the country’s technological

development and technical autonomy were sacrificed due to the combined impact of

two policy choices. Firstly, mechanisation created a dependence upon foreign

technology. Secondly, national technological education did not foster machine

construction or mechanical applications in order to respond to the country’s expanding

industrial sector. The few sociotechnical groups (engineers and technicians) produced

by Mexico’s technical education were more theoretically trained and lacked empirical

experience. In addition, their compatriots’ failure to appreciate their skills, grounded in

their prejudice against the local and in favour of the foreign, displaced Mexican

engineers and technicians from occupying job positions in the national industrial sector.

This sociotechnological arrangement included the competition exerted by foreign

machine builders who, benefited by Porfirian policy, dominated the market for machines

in Mexico and limited the range of market penetration for the FundiciOn. In the end,
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Porfirian policy was not corrected in order to protect the industrial development of the

Fundición, the only Mexican machine builder competing in the market.

This case study reveals that fomento policy understood development as the

outcome of economic and industrial growth. In turn, economic and industrial

development embodied all of the diverse and even contradictory ideas and

understandings about machines and material progress that shaped the sociotechnical

relationship between the Fundición and the Porfirian government. In the framework of

fomento, machines were key players but associated neither with the local expansion of

machine construction nor with technological development that would foster

mechanisation and economic growth.

Fomento’s policy and its conflicting notions of development comprised different

but interrelated interests and assumptions about machines, material progress and

industrialisation. Authorities, politicians, the owners of the FundiciOn, and national

businessmen had different ideas and interests about machines. For the majority,

machines were simply artifacts, means to obtain different goals including those of

economic profits, industrial expansion, and/or more mechanical performance. But for

those, such as the Fundición, who were building machines, machines like engines and

boilers were complex, requiring the translation of knowledges, the mobilisation of

machinists, and more in order to produce mechanical artifacts that could fulfill

economic, industrial and mechanical goals.

In practice, these flexible meanings and understandings about machines were

complicated by a combination of ideas about what material progress entailed.

Machines were expected to create direct benefits for Mexicans, to enhance their well

being by improving their material living conditions. Yet, such beliefs and ideas were

also associated with the political understanding of industrial development which, in turn,

was based historically on plans to mechanise the country and comprised ideas of

economic and social progress as well. In short, Porfirian officials did not have an

understanding about technology as separate from industrial development.

Given the lack of a conception of technology inherent in policies on

industrialisation, this case study also makes clear that Fomento, the institution in charge
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of Mexico’s mechanisation and industrialisation, did not develop a specialised policy on

technology. These findings help explain why the Fundición was not protected against

foreign machine builders who, in addition, also received privileged economic and fiscal

treatment from Porfirian officials. The analysis of the Contract of 1888 between the

Fundición and Fomento also served to clarify the role of patents and the scope of the

legal frame established to protect innovations, inventions, or novel industries introduced

into the country. None of the fomento policies, including patent law, considered

protecting the adaptation of foreign technologies in order to suit local conditions. This

finding reinforces that Porfirian authorities understood technology, mainly, as foreign

made, and secondly, as an instrument of industrial promotion rather than as the product

of theoretical and empirical research focused on machine construction, as practiced and

developed by American and European machine builders at the time.

The technical analysis of engines and boilers built in the FundiciOn de Sinaloa

has shown that theoretical and empirical engineering traditions developed in Europe

and the United States over the course of the entire nineteenth century made possible

the standardisation of design and techniques aimed at facilitating machine construction.

At the same time, the case of the Fundición reveals that the level of engineering

performance of the machine building as practiced in the foundry of Mazatlán was of

similar quality and as advanced as the engineering performance achieved by foreign

machine builders at the time in Europe and the United States.

The machine construction as practiced in the FundiciOn must be considered

within the historical evolution of ways of knowing and making machines. In

combination, knowing and making machines created diverse interplays according to the

settings and their conditions, and across cultures and time. As a result, machine

construction historically developed as a situated practice. This means that steam

machines were born out of collective translations and situated practices as developed

by the many actors that intervened in the process of codification of theoretical

knowledge on machines. Under this framework, the FundiciOn developed in situated

practice its own system of machine building. Furthermore, machine building understood

in this way suggests that machines, although sharing many common components

despite their specific functions, required specific ways of construction no matter that all
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those who were involved in making machines were drawing from the same pooi of

steam engineering. This insight into machine construction allowed for an explanation of

the ways that diverse engineering paths developed that led to devising and constructing

steam machines. But above all, this case study makes it possible to understand how

machine building could take place in Mexico, despite the lack of machine building

tradition in the country, discontinuities in the engineering culture, precarious

technological education, and the absence of direct endowments for machine

construction as facilitated by public and private initiatives during the Porliriato.

The analysis of machines also helped show how Mexican intellectuals,

politicians, government officials, businessmen and laypeople, in general, perceived and

conceptualised machines and artifacts. The use and interpretation of visual

representations of machines, such as paintings, illustrations, photographs, print press

discourses, and some political accounts about machines and technoscientific artifacts,

was carried out within a semiotic framework. Initially, steam power and mechanisation

were predominantly associated with railways and locomotives. Eventually, other

artifacts introduced into Mexico as, for example, trams, steamships, and telegraphs,

came to acquire an everyday status. As a result, the Mexican human experience was

mechanised. During the Porfiriato, machines were so ubiquitous as to become

constituents of material culture, part and parcel of Mexico’s imagined culture that

envisioned the mechanisation of the country as a necessary transformation for the

betterment of life. Machines were conceived as the human-made material carriers of

progress; vehicles of industrialisation; and the channels through which the economic

integration of the country with the globalised world could be made possible.

In Porfirian material culture, real machines and ideas about machines and

technoscientific artifacts were utilised by writers, politicians and newspaper chroniclers

to articulate socio-political discourses and plans to modernise Mexico. The privileged

sites for discursive and concrete modernising activates were the urban centres, with

Mexico City as the locus where the Porfirian elite was established, and, therefore, the

most prominent site for mechanising urban time and space.

The analysis and interpretation of narrative accounts made it possible to

characterise the mechanisation of Mexico City as a process of ‘superpositioning’,
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defined as all the possible states that artifacts and machines can have in material

culture. Machines were part and parcel of macro-economics and micro-domestics.

Machines embodied the general and abstract well-being of the nation. Machines were

concrete-local sources of employment for Mexicans working in the factory or driving the

city’s trams. Machines and artifacts entered into the country, moving people and goods,

while they were entering into people’s homes and expanded into every region, reaching

more and more Mexicans. But, at the same time, machines also shaped the social

consciousness of Mexicans through the power of motion of locomotives and trams that

had never before been experienced in the country.

During the Porfiriato, machines were expanding almost everywhere. The same

machine, for example, steam engines, had a one-way function, that of providing steam

as a power source for mechanical work. But the same engine occupied different places

at the same time as, for example, in mining companies, textile factories, tobacco roller

plants, sugar mills, and many small shops including the printing press. In this manner,

steam engines seemed to construct a network with almost every person almost

everywhere in Mexico. This multiple positioning of machines was reinforced by socio

political discourse and by the real and expanding mechanisation that came along with

Mexico’s industrialisation. In sum, machines were mechanical artifacts co-located in

different spaces, whether in the intellectual and discursive imagination, Porfirian plans

for industrial and economic development, the mines of Sinaloa, in Mexico City, or as

engines made of steel constructed by the FundiciOn; in short, machines become part

and parcel of Mexico’s material culture.

In the Porfirian social imagery, machines and steam power created avenues of

possible and imagined transformations that historically had been only dreamt about by

different Mexican governments and social groups, as explored in Chapter-Station 5.

The dreams of many Mexicans were beginning to be fulfilled when the mechanical

revolution carried out by the Porfirian machine began to actualize the discursive and

imagined machines through the presence of real mechanical artifacts. However, the

real and imaginary status of machines was not totally transcended. For instance, the

FundiciOn was building engines and boilers in Mazatlán. People in Mexico’s City streets

were amazed to see the train arriving, while trams were circulating all over and
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shortening times and distances as well. Porfirian officials were administering machines.

And the printing press was utilising the ‘events of progress’ as a source, a kind of

discursive imagination. In perfect simultaneity and superposition, as real machines

were born out from other machines, the Porfirian machine was the real and imagined

machine born out from the machine of the machine.

Finally, I would like to provide my insights about the combined utilisation of ANT

and TS as theoretical frameworks. Two critical problems derived from my experience in

this investigation. The most relevant is that ANT —more than TS— comprises a great

deal of technical jargon, which often times, is not palatable for historical analysis. I was

not concerned with the fact that, from its inception, ANT was developed for studying the

present, and that this theory does not make that much use of historical sources. The

real challenge was to avoid the constant repetition of terms while taking readers along

the complex and overlapping nature of local and international contexts at the same

time. This methodology requires a shift in our approach of time and space, in specific,

to conceive the simultaneity and the superpositioning nature of actor-networks in spatio

temporal dimensions. In other words, what was happening in Mazatlán, the

construction of machines, was creating consequences or impacts on a nationwide scale

in Mexico. The second challenge was about describing possibilities, possible events

that might have happened in order to understand how technological adaptation very

likely took place. Such linguistic intricacies are derived from the application of ANT. I

hope to have sorted them out in a more or less acceptable manner. However, my

experience proved to be satisfactory because it was possible to explore how

independent processes and events that were occurring in the same setting had different

probabilities of developing different outcomes as, for example, technological adaptation

and situated practice of machine building in the FundiciOn de Sinaloa.

Perhaps one of the major benefits from applying ANT in this study was that it

enabled machines to be conceived as historical ‘actors’. Machines have their own

levels of agency, thus creating diverse associations with other artifacts, users of

machines, and social groups at large. At the same time, when machines are conceived

as historical actors, it is possible to trace back in time their associations while moving

across different cultures and settings. This spatio-temporal mobility of machines as
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historical actors interacting and creating sociotechnological associations facilitated the

analysis of engineering drawings and photographs in the case of technological

adaptation made by the Fundición de Sinaloa.

The concept of ‘network’ also facilitated the study of how machines, as actors,

participated in different associations or networks that were created by other actors. But

networks are also the traces of such associations when looking back in time. Such

networks established relationships between other actors, thus developing a time and

space as well. Although it proved to be difficult to ‘trace’ and to follow the visible marks

made by the business owners of the Fundición, the engineering drawings and

photographs provided evidence of their existence as machine builders and system-

builders of the foundry in Mazatlán. In the same manner, it was almost impossible to

locate the footprints left by the passage of workers and machinists in the workshops.

However, some of the photographs revealed the presence of workers and retrieved

their participation in the construction of the machines. But above all, the machines, by

themselves, left for us a succession of images and drawings that made the most visible

of the marks that helped in the study of the FundiciOn. In short, the constructors of

those machines left evidence of their existence in the form of engineering drawings,

photographs, and documents. But the traces of the human actors who were involved in

the system of machine construction were often less apparent than the traces of the

artifacts they created.

Equally helpful was the notion of ‘translation’ because it focuses on how

machines prompt diverse social responses, interactions, but also interpretations and

understandings carried out by social groups. Translation helps to explain how artifacts

are conceived and used in socio-cultural contexts and how specific settings across time

and space shaped the ways machines created their associations through and by

networks while interacting with other actor-networks. But translation also facilitated the

analysis of the mediations that took place in different places and across cultures and

time, between knowledges, techniques, engineering cultures and actors that

participated in the development of the technology of steam power and in the

construction of machines during the nineteenth century. Taken together, the

understanding of machines as historical actors establishing networks and translating
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meanings, uses, and knowledges across time and settings provided a new approach

and framework for the analysis of historical process of technological change, as

described in the case of the mechanisation of Mexico during the Porfiriato.

This ANT framework was in turn complemented with the concepts of system and

system-building as developed by TS theory. In TS, machines are conceived as

components of technological systems. In that capacity, machines can be part of diverse

systems as, for example, machine building or metal casting.

The case study illustrates that using both methodologies separately or using only

ANT, would not lead to machines as having been considered simultaneously as

components of systems and as independent actors with agency situated in historical

contexts. To clarify, by the combination of both notions of machines, on the one hand,

machines as historical actors, and, on the other, machines as system components, the

analysis of system-building of the FundiciOn was revealed as the development of

situated processes according to local settings and across time. Although TS confers

the ability or agency of system-building to humans only, when utilised in conjunction

with ANT, system-building is shaped by the intervention of human and non-human

actor-networks.

Another insight about the combined utilisation of ANT and TS is that both

approaches not only complemented each other, but, they are also suitable for visual

analysis. As a result, both frameworks fitted the visual nature of the engineering

drawings and photographs of engines and boilers built in the Fundición. For the most

part, this study relied upon the interpretation of drawings and images in order to suggest

how the Fundición managed to build machines. This methodological challenge was

sorted out by conceiving of images of machines as historical actors and system

components and also as traces of real machines. At this point, in order to read and

interpret engineering drawings, the mediation of other knowledges was needed, such as

the notion of ‘metaindexicality’. This concept was useful for the interpretation of

engineering drawings as ‘gathering grounds’ which facilitated diverse translations

between sociotechnical groups, across cultures and time. But most important, this

gathering ground helped in retracing the possible steps that were taken inside the

workshops of the Fundición by machinists and engineer Alejandro Loubet in order to
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construct machines. At the same time, the notion of gathering ground was applicable

for understanding the role that engineering drawings and photographs played outside

the foundry, as mediators in the relationship between the Fundición and Fomento. As

shown, the visual representations of machines communicated knowledge and ways of

constructing machines, but also helped to visualise, from paper and images, real

machines. This mediation between machines-to-be-made and machines-already-made

was also of the greatest importance for the analysis and interpretation of

technoscientific discourses circulated by the print press about machines and artifacts

during the Porliriato. It served to distinguish between the processes of mechanisation

that were carried out by diverse social groups and visual representations of machines

that constituted part of the Porfirian material culture.

To conclude, this study has made significant contributions. In the field of the

history of technology, the Fundición represents a case of local technological adaptation

that does not conform with traditional notions of industrial development nor with the

model of technology transfer. The role of technology in Mexico during the nineteenth

century requires further examination through approaches and methodology that include

mechanisation rather than industrialisation. In this sense, economic approaches

developed to study the Porfiriato have not revealed the intricacies of technologies once

they were operating in diverse settings, and across time and cultures. In addition,

economic and industrial approaches have not developed enough interpretations about

how technology fosters different sociotechnological relationships and understandings

about machines, and how sociotechnical groups used and reproduced machines. In

Mexico, in general, this study has shown that machines were not associated either with

steam power or with industrialisation but rather with locomotives. This understanding of

machines represented varied ideas of progress and development that were not

necessarily those originally conceived by the designers and constructors of such

machines. But, at the same time, steam technology, as the FundiciOn had illustrated,

was adapted and shaped by the setting of Mazatlán and the machine builders, and

through and by the mediation of many other translations that made possible the

construction of machines during the Porfiriato.
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Traditionally, the Porfirian regime has been characterised as the main player

promoting the industrialisation of Mexico. This study has introduced the case of the

FundiciOn as another key player in this historical process but from the perspective of

mechanisation and the local construction of machines. In this manner, the social and

economic transformation that Mexico experienced during the Porfiriato promoted other

consequences that previous to this study have not been the focus of historical

investigation, in particular, the impact of steam technology. This new avenue of

historical investigation has also revealed the very likely existence of sociotechnical

groups that over the entire nineteenth century gained tacit experience about machines

while interplaying with engines and manufacturing machines. Taken together,

mechanisation along with the existence of hubs of technically trained groups changes

our understanding of the technological and engineering conditions of Mexico during the

Porfiriato. Thus, this study argues that the country was not in a technological vacuum.

Furthermore, steam technology fostered sociotechnical groups that constituted part of

the actor-networks of the Fund iciôn.

Finally, the use and interpretation of visual sources has been by itself another

significant contribution in the investigation of past technologies, especially in the study

of the machines and the actors who were involved in the construction of mechanical

artifacts. At the same time, visual analysis also helped to explain the multiple meanings

that machines and artifacts prompted in different social groups and how those

interpretations were part of Mexico’s material culture. Therefore, this study that took

shape through the analogy of train travel, has contributed to our knowledge of the

nuanced and flexible roles that technologies have played in time and space and, most

particularly, to the origins of Mexico’s mechanisation and modern visual culture.
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Year Invention Nationality Result

1864 Stationary engine! Invention lgnacio Reynoso I Unknown
Mexican

1866 Steam boiler! Invention Edgar C. Singer & W. H. Unknown
Rockland I Americans

1 868-1 869- Engine! Invention Luis Carega y Sáenz! Unknown
1870 Mexican
1869 Steam boiler! Invention Pedro Pradal! French Denied
1870 Device to economize steam / Hale Merrill I American Approved: 1870

Invention
1872 Machinery for machine tools and Agustin Bersheau & Unknown

workshop! Invention Francisco A.L. Kassian /
Not specified

1873 Condenser! Invention Luis Frank! Prussian Denied
1875 Engine! Invention Eduardo Armenta! Unknown

Mexican
1876 Cleaning system for boilers and Francisco Loubet & M. Unknown

pipes! Invention Valdovinos I French &
Mexican

1877 Economy engine! Invention Pedro Falcon I Mexican Approved: 1877
1877 Automatic water pump! Inven- Jose Ma. Gonzalez Approved: 1880

tion Elizondo! Mexican
1879 Engine! Invention Rafael Sanchez! Mexican Denied
1880 Power multiplier engine! Inven- Luis G. Careaga y Sáens! Approved: 1886

tion Mexican
1884 Automatic injector for steam boil- Manuel M. Gutierrez! Approved: 1885

ers / Invention Mexican
1884 Device for steam and oil corn- Clarence Barret !Not Approved: 1884

bustion ! Invention specified
1884 Power multiplier! Invention Luis G. Careaga y Sáens! Approved: 1884

Mexicano
1885 Mechanical and electrical power Moisés Gonzalez Approved: 1885

multiplier !lnvention Estavillo! Mexican
1885 Steam engine with gyratory pis- AgustIn M. Chavez! Approved: 1886

ton Mexican
1886 Steam engine powered by natu- Juan Spiel !Gerrnan Approved: 1887

ral gas and petroleum! Invention
1887 Atmospheric engine! Invention Ciriaco Riegas ! Spaniard Approved: 1887
1888 Engine! Invention Pablo de Lugine! French Approved: 1889
1888 Grease shaft for locomotives’ John Anderson I American Approved: 1889

axis! Invention
1889 Steam boiler! Invention Herbert Hackney! Approved: 1889

American
1889 Electric Drill System I Invention Imple E. Storey! Approved: 1889

American
1890 Electromagnetic device I Inven- Samuel Notting! Approved: 1890

tion American
1901 Steam boiler! Not specified Babcock & Wilcox Co.! Unknown

American

Table 1: Patents of Inventions or Innovations on Steam and Electric Technologies.

Archivo General de Ia NaciOn, SecretarIa de Fomento, Industrias Nuevas (AGN-FIN).
Source: Juan Alberto Soberanis Carrillo, “Catálogo de Patentes de lnvenciOn en Mexico durante el Siglo
XIX (1840.1900). Ensayo de interpretaciOn sobre el proceso de industrialización en el Mexico
decimonónico”. Bachelor thesis. Mexico: Universidad Nacional AutOnoma de Mexico, i 989.
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Year Engines Boilers Total Production

1891 3 * 3

1892 8 19 27

1893 12 10 22

1894 7 4 11

1895 4 * 4

1896 2 * 2

1897 6 * 6

1898 6 12 18

1899 9 10 19

1900 7 13 20

1901 5 13 18

1902 6 10 16

1903 8 18 26

1904 3 5 8

1905 10 10 20

1906 6 7 13

Subtotal 102 131 233

Table 2: Annual Machinery Production, Fundición de Sinaloa: 1891 -1 906.

Source: Based upon data obtained in the AGN-FIN, boxes 14 to 17.
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Year 1-19 hp 20-59 hp 60-82 hp +100 hp Total
Small Medium Large Extra-Large

1891 0 2 1 0 3

1892 2 4 2 0 8

1893 6 5 1 0 12

1894 1 6 0 0 7

1895 0 3 1 0 4

1896 0 1 1 0 2

1897 1 4 0 1 6

1898 2 3 0 1 6

1899 3 4 2 0 9

1900 5 2 0 0 7

1901 2 1 0 0 5

1902 1 5 0 2 6

1903 3 3 2 0 8

1904 2 1 0 0 3

1905 7 3 0 0 10

1906 2 2 2 0 6

Subtotal 37 49 12 4 102

Table 3: Classification of Engines by Horsepower Units, Fundición de Sinaloa: 1891-1906.

Source: Based upon data obtained in the AGN-FIN, boxes 14 to 17.
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Year 1-19 hp 20-59 hp 60-82 hp +100 hp No specs Total
Small Medium Large Extra-

Large
1891 0 0 0 0 0 0

1892 4 8 7 0 0 19

1893 4 2 4 0 0 10

1894 0 3 1 0 0 4

1895 0 0 0 0 0 0

1896 0 0 0 0 0 0

1897 0 0 0 0 0 0

1898 4 4 4 0 0 12

1899 6 1 2 1 0 10

1900 1 7 3 1 1 13

1901 1 6 2 1 1 13

1902 1 6 3 0 0 10

1903 0 9 5 2 2 18

1904 1 2 2 0 0 5

1905 2 4 0 3 3 10

1906 2 2 3 0 0 7

Subtotal 26 54 36 8 7 131

Table 4: Classification of Boilers by Horsepower Units, Fundición de Sinaloa: 1891 -1 906.

Source: Based upon data obtained in the AGN-FIN, boxes 14 to 17.
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Figure 1: Advertising of machinery and products made by the Fulton

Iron Works of San Francisco, California, 1889.

Source: University of California, Berkeley. Junior Class. Associated
Students, Zeta Psi Fraternity. Iota Chapter (University of California,
Berkeley). The Blue and Gold. Class of 89 Vol. 15. San Francisco:
Edward Denny & Co., 1889.

Not in Copy Right.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Actor- Networks of Steam Technos cience: International

Figure 2: The figure shows a map road that relates the international relationships
and interactions between actors in order to negotiate goals and/or interests
during the late-nineteenth century. The clusters suggest possible associations
and not merely as a set of isolated elements.

Actors comprise individuals, institutions, entrepreneurs, artifacts, raw materials,
governments and machines conceived as an organic whole.

Author: Miguel Angel Aviles-Galan, 2009.
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Actor-Networks of Steam Technoscience: Local/Mexico

Figure 3: The figure shows the Local/Mexican relationships and interactions between actors
in order to negotiate goals and/or interests, during the late-nineteenth century.

Three major actors are not included because Mexico did not fully develop such capabilities
during the Porfiriato: 1. Iron Foundries, 2. Machine Tool Builders, 3. Machine Builders.

Instead, the figure shows Import/Exporters (foreign and national) that supplied from Europe
and the USA, tools, manufacturing machinery and steam machines as well.

The Fundición de Sinaloa occupied both levels of Iron Foundry and Machine Builder that
produced mining machinery, steam engines, boilers, tools, and metal castings for
construction such as pipes, fences, ceilings, rods, and more.

Author: Miguel Angel Aviles-Galan, 2009.

FUNDICION DE
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Figure 4: Interplay between International and Local Actor-Networks of Steam
Technoscience during the late-nineteenth century.

Author: Miguel Angel Aviles-Galan, 2009.
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Steam Technoscience Networks

FundiciôndeSinaloa

Figure 5: The figure shows the interconnectedness between International and
Local contexts in relationship to Steam Machines and the positioning of the
FundiciOn de Sinaloa.

Author: Miguel Angel Aviles-Galan, 2009.
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7

Figure 6: Transverse section of a simple expansion, double-acting, high pressure
steam engine.

1 — Piston
2 - Piston rod
3 - Crosshead bearing
4 - Connecting rod
5—Crank
6 - Eccentric valve motion
7—Flywheel
8 - Sliding valve
9 - Centrifugal governor

Source: Steam and Steam-Engines. Especially Arranged for the Use of Science
and Art, City and Guilds of London Institute, and Other Engineering Students by
Andrew Jamieson, London, UK: Charles Griffin & Company, Limited: 1894.

Not in Copy Right.

Author: Drawing by Miguel A. Aviles-Galan using Corel Draw & Image Ready,
2009.

8 9 /
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Local/Inside Actor-Networks of the Fundición de Sinaloa

Buildings -

Equipments

Workshops

Coal, Pig Iron, Water,
Wood, Machine

Building Materials

Metal Cas...
& Machining

The figure represents the sociotechnological associations and interactions that
Loubet, Echeguren and Redo fostered inside the foundry.

Author: Miguel Angel Aviles-Galan, 2009.

Blast

jurnaces h•
SkiHedWorker5: Machnists•

Mechanics Tecinic ans,
Engineers, Foremen.

Non Skilled: Atisans,
:.3lacksm ths, Journeymen. .

J. Redo
A. Loubet
F. Echeguren Steam

Engines &

b. Boilers j

Figure 7: Local I Inside Actor-Networks established by A. Loubet, F. Echeguren,
and J. Redo, owners of the FundiciOn de Sinaloa.
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Local/inside Actor-Networks of the Fundición de Sinaloa

Secretarfa de
Fomento

Regonal Businesses: 8aja
Cahfomia, Siaaoa,

L sonora, ourango 4
3

Governments
of Sinaloa and

b Mazatlán.;

Figure 8: The figure represents the sociotechnological associations and
interactions that Loubet, Echeguren and Redo fostered outside the foundry.

Author: Miguel Angel Aviles-Galan, 2009.
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Section 1 Geography,
Statistics and

artography, Colonization
and Barren Lands

I •1 I

Section 2 Industry and
Exhibits, Mining and the

Mexican Mint

Section 3 Bridges,
hannels, Ports, Railroad,
Highways, Sewers and

Drains

Section 4 Telegraphs

Figure 9: Organization chart of Secretarla de Fomento in 1877.

Author: Miguel Angel Aviles-Galan, 2009.
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Section 1 Colonisatlon and Land,
Demarcation Companies,

r
National Observatory,

Geographical and Scientific
Commissions

I
Section 2 telegraphs, Industries,

Exhibits, Industrias Nuevas
Industrial Property, Patents, and
trade Marks, National Medical

Institute

SectionS Mining, Legislation
(Property and Bylaws),

Coordination of State and
Regional Mining Agencies,

Inspectors, Contracts, Permits,
Geological Institute

Section 4 General Mapping and
Cartographic Plans

Section 5 Agriculture, Rural
Agents, Publications and

Manuals, Forestry, Fisheries and
Water Concessions

Direccionde stadistica v Gran
Registrode Ia Prooledad
(Statistics and Property

Registrar)

Figure 11: Organization chart of Secretarla de Fomento in 1894.

Author: Miguel Angel Aviles-Galan, 2009.
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Section 1 Colonisation and
Land4 De ineccation Companies

Nationalobservatory

in 1883, 6eography, Statistics,
arid Car toraphy were

transferred to the Dirección
General do Estadistica or
General Statistics Office

in 1892, the Mexican Mint House
and the Metric anti Weight

Systenis offices were relocated
to the Secretarla do Hacienda

(Ministry of Finance)

In 1892 thesection was
translerred to the Secretarfa do

Co!!iWticacionesOPraspuNicas
(Ministry of Comrnunications

and Pu blic Works)

Section 2 Telegraphs
industries, Exhibits

Section 3 Rt,ad Construction
Ports Bridges Channels

Railroads Sewers and Drains
Public Monuments

Section 4 Agriculture (new)
Mining and Commerce

Section 5 Accounting and
Budget Distribution

Figure 10: Organization chart of SecretarIa de Fomento in 1882.

Author: Miguel Angel Aviles-Galan, 2009.
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Map 1: Port and City of Mazatlán in 1897. The location of the FundiciOn de Sinaloa

Source: Courtesy of Archivo HistOrico Municipal de Mazatlán, Sinaloa, 2007.

Not in Copy Right.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2009.
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Map 2: Map of Mexico showing the location of the state of Sinaloa and Mazatlán
where the Fundición de Sinaloa was established.

Source: Instituto de GeografIa, UNAM, Atlas Nacional de Mexico (2009)

Not in Copy Right.

Source: Drawing by Miguel A. Aviles-Galan, 2009.
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Illustration 1: Canada de Metlac (1897). Oil painting by José Maria Velasco
(1840-1912).

Source: Museo Nacional de Arte, Mexico City.
Not in Copy Right.

Digital photography and scanner: Miguel Angel Aviles-Galan, 2009.
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Illustration 2: La EvoluciOn Industrial.

Source: Mexico, su evoluciOn social edited by Justo Sierra, 1900-1901.

Not in Copy Right.

Digital photography and scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 1: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 2: Horizontal, single cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 3: Vertical, single

cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación.

Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan,

2009.

4.
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Photograph of Engine 4: Horizontal, single cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 5: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 6: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 7: Horizontal, double-acting cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 8: Horizontal, double-acting cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 9: Horizontal, single cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Naciôn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 10: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 11: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 12: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 13: Horizontal, single cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 14: Horizontal, single cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 15: Horizontal, single cylinder with reinforced

bed frame.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Engine 16: Vertical, single

cylinder.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia Nación.

Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan,

2009.
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Photograph of Engine 17: Unfinished horizontal, single cylinder.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 1: Scottish type.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 2: Scottish type.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 3: Cornish type.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 4: Scottish type.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 5: Two Scottish type boilers.

Built by the Fund ición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 6: Vertical Cornish

type.

Built by the Fund ición de Sinaloa.

Source: Archivo General de Ia Nación.

Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan,

2009.
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Photograph of Boiler 7: Cornish type.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 8: Cornish type.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 9: Cornish type.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 10: Cornish type.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 11: Two Cornish type boilers.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 12: Scottish type.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 13: Vertical Cornish

type.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación.

Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan,

2009.
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Photograph of Boiler 14: Cornish type.

Built by the Fund ición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph of Boiler 15: Cornish type.

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 1: Section view of steam engine number 1 (1892). The design in

based on the Zeuner Diagram.

Built by the Fund iciOn de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 2: Orthogonal and plan views of a portable steam

engine, number 10 (1892). Stone crusher based on the Blake model.

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 3: Profile and plan views: steam engine number 15 of 12

horsepower units (1893). The design included the Porter-Allen valve system.

Built by the Fundición de Sinaloa, CompañIa Nacional de Construcciones

Mecánicas.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 4: Plan view: compound air compressor, engines 25 and 26 of

25 horsepower units (1894). The design included the Meyer valve system.

Built by the FundiciOn de Sinaloa, CompanIa Nacional de Construcciones

Mecánicas.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 5: Plan view: horizontal engine number 42 of 28 horsepower

units (1897).

Built by the Fundición de Sinaloa.

Source: Archivo General do Ia NaciOn. Mexico City.

Copy rights purchased, 2007.
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Drawing of Engine 6: Profile and plan views: horizontal engine number 48 of 44

horsepower units (year unknown).

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 7: Orthogonal views: horizontal air-pump number 8 of 53

horsepower units (1892).

Built by the Fund ición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 8: Plan view: compound engine number 54 of 38

horsepower units (1899).

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Engine 9: Profile and section views: vertical engine number 60 of 23

horsepower units (1900).

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 1: Profile, plan and section views: horizontal, fired-tube, Cornish

boiler number 1 for 72 horsepower units (1892).

Built by the Fundición de Sinaloa, Arsenal del Pacifico, CompanIa Nacional de

Construcciones Mecánicas.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 2: Profile, plan and section views: horizontal, fired-tube, Scottish

boiler number 5 (1892).

Built by the Fundición de Sinaloa.

Source: Arch ivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 3: Profile, plan and section views: horizontal, fired-tube, Scottish

boiler number 12 (1892).

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 4: Profile and plan views:

vertical, fired-tube, number 29 (1894).

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia Nación.

Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 5: Profile, plan and section views: horizontal, fired-tube, Scottish

boiler number 37 (year unknown).

Built by the Fundición de Sinaloa.

Source: Archivo General de Ia Nación. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 6: Profile, plan and section views: horizontal, fired-tube, Scottish

boiler number 112 (1903).

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 7: Profile and section views: vertical, fired-tube, num

ber 67 (1901). Built by the Fundición de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Drawing of Boiler 8: Profile, plan and section views: horizontal, fired-tube, Scottish

boiler number 111 (1903).

Built by the FundiciOn de Sinaloa.

Source: Archivo General de Ia NaciOn. Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Construcción de Máquinas verticales y horizontales, de condensación y de alta presión. Ma
quinas de extracciOn, baterIas, tahonas, lavaderos, agitadores, prensas para pella, retortas, carros
de minas, bombas de Cornish, compresoras de aire, horizontales de doble acciOn. Molinos chienos
para metales de oro y plata. Ruedas de carros con Ilantas templadas (Chilled). Rieleras de todos
tamaños, Prensas de copiar, planchas para ropa, braseros, carretillas de mano, escritorios moder
nos para escuelas, Balcones, columnas, &c., &c. Máquinas para destrozar Mezcal.- Casos de
cobre y de fierro. Bombas de vapor para alimentación de calderas y elevaciOn de agua. Zapatos y
dados de baterIa y tahonas de todos modelos a seis centavos libra. Fundición de Cobre y
“Phosphor-Bronze”.Manufactura de metal Babbitt, surtido general de ajustes para cañerIa, haves
de bronce y vapor, tuberla de fierro, empaque de hule, &c., &c. (Emphasis added in the original
including the English words).

Source: Archivo Municipal HistOrico de Mazatlán, 2007.
Not in Copy Right.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2009.

Photograph 1: Newspaper clip from El Correo de Ia Tarde (No.741, October 16, 1887: 3) advertising
the Fundición de Sinaloa. Original text in Spanish:
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Photograph 2: Views of workshops and different sections from the FundiciOn de
Sinaloa in 1898.

Source: John Reginald Southworth. El estado de Sinaloa, Mexico: sus industrias
comerciales, mineras y manufactureras, obra publicada baio Ia direcciOn del
ciobierno del estado. San Francisco: Hicks-Judd: 1898.

Not in Copy Right.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 3: Steam engine number 54.

Ordered by La Pirámide Mining Co.

Built by Fundición de Sinaloa in 1899.

Source: Archivo General de Ia NaciOn, Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 4: Reynolds-Corliss engine built in 1889 by Edward P. Allis & Co., at
their Reliance Works in Milwaukee, US. The picture shows the flywheel, valve
gears, and connecting rods.

Source: Wilhelm Heinrich Uhland and Anatole Tolhausen, Corliss-Engines and
Allied Steam-Motors Working with and without Automatic Variable Expansion Gear.
London: E&W F. Spon, 46 Charing Cross? New York, 446 Broome Street, 1879.

Not in Copy Right.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 5: Crank side, horizontal, single cylinder engine built in 1874 by Need
ham, Qualter, Hall & Co., Railway Foundry, Barnsley, South Yorkshire, Great Brit
ain.

Source: Courtesy of the Markham Grange Steam Museum, Great Britain.

Permission to reproduced visual material granted by Clive Lusby, April 6, 2009.

Also see George Watkins, The Stationary Steam Engine. Great Britain: David &
Charles Holdings Limited: 1968.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 6: Loubet-Corliss engine (crank side), horizontal, single cylinder built in
1893 by FundiciOn de Sinaloa, Mazatlán, Mexico. The picture shows the flywheel,
valve gears, and connecting rods.

Source: Archivo General de Ia NaciOn, Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 7: Loubet-Corliss engine, horizontal, double-acting cylinder built in
1901 by FundiciOn de Sinaloa, Mazatlán, Mexico.

Source: Archivo General de Ia NaciOn, Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 8: Corliss-Frick engine, horizontal, double-acting cylinder built by Frick
Company, Waynesboro, PA., in works established 1853 and incorporated 1885.

Source: Frick Company. “Eclipse” refrigerating machines for use in cold storage
depots. Waynesboro, Franklin County, Pennsylvania, USA: Press of I. Frieden
wald, 1890.

Not in Copy Right.

Scanner: Miguel Angel Aviles-Galan 2009.
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Photograph 9: Engineering drawing for a Loubet-Corliss engine, horizontal, single-
acting cylinder, 12 horsepower units, with Porter-Allen valve gears built in 1893 by
Fundiciôn de Sinaloa, Mazatlán, Mexico.

Source: Archivo General de Ia Nación, Mexico City.

Copy rights purchased, 2007.

Scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 10: Newspaper clip advertising Hermann-Lachapelle, J. Boulet y Cia.,
Sucesores, Inqenieros-Mecánicos, published by El Correo de Ia Tarde of Mazatlán,
in 1889. On top line reads: “Specialized in steam machines, stationary and
locomobile”.

Source: Archivo Municipal Histórico de Mazatlán, 2007.

Not in Copy Right.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2009.
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Photograph 11: French version of the Hermann-Lachapelle newspaper clip
advertising machineries in 1877.

Source: Museum de Mecanique Naturelle.

Not in Copy Right.

Scanner: Miguel Angel Aviles-Galan 2009.
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Photograph 12: Mechanical engineer
Alejandro Loubet Guzmán (1858-
1924). Date unknown.

Source: Courtesy of Roxana Loubet,
grand-grand daughter of A. Loubet,
2007.

Scanner: Miguel Angel Aviles-Galan,
2009.
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Photograph 13: Exterior of the old Mercado Romero Rubio, now Mercado José Ma
rIa Pino Suárez, designed and constructed by Alejandro Loubet and the Fundi
ciOn de Sinaloa, in Mazatlán, Sinaloa.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2007.
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Photograph 14: Interior of Mercado José Maria Pino Suárez, Mazatlán, Sinaloa.

Digital photograph and scanner: Miguel Angel Aviles-Galan, 2007.
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Appendix 1: Critical Theory for the Analysis of Technology

In machining, material is removed from the workpiece until the desired shape is

achieved. Clearly, this is a wasteful process, and many engineers feel that one main

objective is to design components that do not require machining. However, in the field

of history, there is not such a trend toward the use of a neat methodology to work with

the sources of evidence and archival materials. In other words, historians machine their

evidence to their desired shapes but the ways in which they work their materials can

differ according to their fields of investigation and the nature of their sources.

This dissertation utilizes Actor-Network-Theory (ANT)372 in conjunction with

Technology Systems (TS)373 as the methodological framework that supports the railway

network for the analysis of technological artifacts connecting all chapter-stations. In

proposing the application of this methodology to the analysis of the case study of the

FundiciOn, it is important to bear in mind the scope of both ANT and TS approaches and

to clarify their nature.

In principle, ANT and TS are both social theories of technology. They focus on

technology and both consider technology as a social construction. In addition, both

frameworks look at the interconnectedness of technological systems, and how system

components establish relationships between them. However, there are two main

differences regarding ANT when compared to TS. One is that ANT has been applied to

living humans, or, in other words, it was developed to study the activities of scientists

and technicians in the present, and, as a result, it does not rely very much on traces of

372 As developed by Bruno Latour. See Science in Action. How to follow Scientist an Engineers Through
Society (Cambridge, Massachusetts: Harvard University Press, 1987), and Reassemblina the Social: An
Introduction to Actor-Network-Theory (Oxford, New York: Oxford University Press, 2005).

As developed by Thomas P. Hughes. See The Networks of Power: Electrification in Western Society,
1880-1930 (Baltimore: John Hopkins, 1983), and Thomas P. Hughes, “The Evolution of Large
Technological Systems,” in Wiebe E. Bijker, Thomas P. Hughes, and Trevor J. Pinch (eds.), The Social
Construction of Technological Systems: New Directions in the Sociology and History of Technology
(Cambridge, Mass.: MIT Press, 1987) 51-82.
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the past.374 Another critical difference is that ANT includes both humans and non-

humans as actors, as, for example, machines.

In contrast, TS focuses exclusively on humans, considers artifacts as system

components, and incorporates archival sources to examine the past. In other words, TS

was specifically applied to study the past and not the present. Nevertheless, TS has its

own limitations. In most cases, TS uses the same methodology for micro and macro

phenomena, and even the applicability of the concept of ‘system’ has been put into

question. Yet, despite these differences, I argue that there is no epistemological conflict

between ANT and TS. On the contrary, they are complementary in their approach

because both are patterns of technological activity, and both conceive technology as a

social construction. For this reason both methods can be applied to the analysis of the

FundiciOn as part of Mexico’s technological past.

ANT and TS also work in this study as a switch, a railroad track having movable

rails and necessary connections, switching on and off between the engineering,

semiotic and visual analysis of machines that inform the different chapter-stations. This

approach also facilitates the study of the Porfiriato as a political machine, with its own

system of social and cultural networks. As the shifts in narrative and focus involve

variation in the degree of analysis, different levels of knowledge concerning the events

described also contribute to the understanding of the dynamics motivated by the

centrality of machines.

The idea of using ANT and TS combined as critical theory in this case study is

not to test their epistemological premises; rather, it is to open a critical dialogue

between such analytical frameworks and their application to the case study in order to

Cf. Bruno Latour, Reassembling the Social: An Introduction to Actor-Network-Theory (Oxford, New
York: Oxford University Press, 2005) 122-1 35. I am indebted to Dr. Robert Brain for making me aware of
the methodological applicability of ANT to the field of history of technology and to the case study of the
Fundición.
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describe the process carried out by all those involved in the Fundición. In particular,

this dissertation is interested in exploring how actor-networks and technology systems

for the iron foundry were organised and fell apart in the context of the Porfiriato. Based

on the idea that actor-strategies shape technology, ANT fosters the understanding of

how actors negotiate their networks, whether social or technical. As a result, the

combined application of ANT and TS facilitates the study of how Mexican business

owners created mutual and simultaneous relationships and network-building, and how

the socio-technological arrangement of the Fundición might have been developed by

system-builders.

To clarify, both ANT and TS assume that actors are entities that make things. 376

But only ANT includes non-human actors. For TS, machines or artifacts are

components of systems. However, both frameworks share the notion of network, which

is defined as a group of interrelated and heterogeneous relationships among entities. A

network ties together alliances between people and artifacts, that is, everyone who is

involved in the invention, construction, distribution, and usage of machines. As a result,

‘actor’ and ‘network’ are mutually constitutive. An actor cannot act without a network

The epistemological differences between ANT and TS, the critiques that had been posed to both
theories and their applicability to the study of the history of technology are part of a discussion that is not
the focus of this study. However, the must pertinent sources to consider are: Norman Clark, “Similarities
and Differences Between Scientific and Technological Paradigms,” Futures 19: 1 (1987) 26-42; Bertrand
Gille, “Prolegomena to a History of Techniques,” in The History of Techniques, volume I, Techniques and
Civilizations, Bertrand Gille ed. (New York: Gordon and Breach Science Publications, 1986) 3-96;
Thomas P. Hughes, The Networks of Power: Electrification in Western Society, 1880-1930 (Baltimore:
John Hopkins, 1983), and Thomas P. Hughes, “The Evolution of Large Technological Systems,” in Wiebe
E. Bijker, Thomas P. Hughes, and Trevor J. Pinch (eds.), The Social Construction of Technological
Systems: New Directions in the Sociology and History of Technology (Cambridge, Mass.: MIT Press,
1987) 51-82; Bruno Latour, Reassembling the Social: An Introduction to Actor-Network-Theory (Oxford,
New York: Oxford University Press, 2005) 122-135; John Law, “The Structure of Sociotechnical
Engineering. A Review of the New Sociology of Technology,” Sociological Review 35 (1987) 404-425;
Antoine Picon, “Towards a History of Technological Thought,” in Technological Change: Methods and
Themes in the History of Technology, Robert Fox (ed.), (Amsterdam, The Netherlands: Harwood
Academic, 1996) 38; Terry S. Reynolds, “Review of Networks of Power: Electrification in Western Society,
1880-1 930,” Technology and Culture 25:3 (1984) 644-647.

376 Actors are both human and non humans, as for example, machines. ANT assumes that there are no
networks that consist of only humans or only of technological components. All networks contain elements
of both types. See Bruno Latour, Science in Action. How to follow Scientist an Engineers Through Society
(Cambridge, Massachusetts: Harvard University Press, 1987) 146-1 75.
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and a network consists of actors. But actors are always situated, they have sites. And

sites do not work as mirrors ‘reflecting’ technoscientific knowledges and practices.

Rather, sites are more like a crystal in that they produce refractions and articulations of

technoscience.

Under this theoretical framework, this dissertation considers the system building

and the machine building of steam engines and boilers that took place in the FundiciOn

as a collective process of appropriation and adaptation of international knowledge

(engineering and machine building systems) to suit local conditions as reflected under

the socio-historical context of the Porfiriato. Centralised power of the DIaz regime

created a national actor-network of power-relations where constant negotiations and

disputes took place in order to obtain resources. As a result, series of entrepreneurs

created networks to structure their organisation and activities, but, at the same time,

they fostered their own particular interests as elite groups of Mexican businessmen by

their negotiations inside the power-relations of the Porfirian government. Progressively,

entrepreneurs incorporated more elements such as technical skills, knowledge,

familiarity with industrial practices, and awareness of the international advances in the

realm of steam-engineering and manufacturing machines. Succinctly, the networks

were comprised of foreign nationals and Mexicans involved in the process of

mechanisation with the purpose of creating business opportunities. Eventually, many

disputes and disagreements emerged between competing actors in order to secure

resources or better conditions to carry out their activities. As a result, the Porfiriato was

an actor-network bringing together complex sociotechnological processes, power

relations and a multiplicity of actors and sites such as businesses, industrial

manufacturers, financiers, legislation, economic markets and more.

Indeed, this methodological challenge proved to be a great source of

encouragement for using the historical imagination in reconstructing the past. From this

point of view, machines are historical actors that played a role in the technological

systems and actor-networks of the FundiciOn, as defined by those theorists of TS and

ANT. The work of machines, in turn, created associations with other machines, tools,

materials, fuels and people. As a result, series of associations emerged as part of the
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system for building steam machines. For these reasons, I conceive of the FundiciOn as

a technological system that is composed of humans and artifacts constantly interacting

and mutually creating associations. For instance, a simple lathe represents a part of the

system and the tool itself creates a relationship between the machinists that use it and

the machine engine’s parts. But the machinists, by using the lathe, develop their

techniques that eventually help in the different stages of the process of machine

building. The association established between the lathe, the machinists and the

machine building of engines is part of the technological system that encompasses the

operations of the FundiciOn.

In close agreement, Deleuze and Guattari maintain that machines have two

inseparable components: matter and function.377 However, their semiotic concept of the

machine has broader conceptual and linguistic connotations not restricted to a

mechanical conception. As defined by the authors, machines are not solely instruments

of work, in which social knowledge is absorbed and enclosed. The machine is also a

communication factor, facilitating the exchange of knowledges and practices, promoting

openness to learning by doing, and encouraging new adaptations by those actors using

the machines. But in particular, the machine is social and processual, which means that

the sociotechnological is constituted out of mobile networks between different elements.

In general, sociotechnological associations are the outcome of a chain of processes

between machines and humans in performing a task. Thus, based on Deleuze and

Guattari’s approach, my analysis of the technological system of the FundiciOn is

expanded into the sociotechnological associations between humans and machines that

characterised machine building.

Therefore, in this study I proposed to use the aforementioned frameworks in an

integrated manner. The concept of actor-network considers machines as historical

actors establishing sociotechnological relationships. TS theory defines machines as

See from the authors, Anti-Oedipus: Capitalism and Schizophrenia. Translated from the French by
Robert Hurley, Mark Seem, and Helen R. Lane. Preface by Michel Foucault (Minneapolis: University of
Minnesota Press, 1983), and A Thousand Plateaus: Capitalism and Schizophrenia (Minneapolis:
University of Minnesota Press, 1987).
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part of technological systems. Finally, I informed my visual analysis by utilising machine

building theory combined with semiotic notions of machines, because both approaches

facilitate to understand how machines are constructed and how people develop different

ideas about technological artifacts. In this way, the analysis of steam machines

manufactured at the Fundición reached a full circle: from theory or codified knowledge

(physics, kinematics, geometry, and design) and tacit knowledge, to its materialisation,

by diverse actors, in concrete design of engines, and from artifacts built at the

workshops of the Fundición, to their visual, semiotic, and sociotechnical understandings

in Porfirian society and culture.
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Appendix 2: Steam Technoscience

2.1. Theoretical Paths of Machine Building

The engineering disaggregation of complex machines into their basic elements

began in the eighteenth century. Technological artifacts, in particular steam engines,

became the objects of analytical knowledge intended to be produced and circulated as

part of a new form of technological reproduction. Theoretical paths to machine theory

attempted to organize machines based on modular elements. For example, German

engineer Jacob Leupold (1674_1727)378 developed ideas of modular machines. But

modern mechanism design and the beginnings of the theory of machines and

mechanisms can be directly linked to the foundation of the École Polytechnigue in Paris

in 1794. In general, the founders of the École Polytechnigue were at the same time the

first teachers of the disciplines that contributed to the formation of modern machine and

mechanisms technoscience.379 Some of them were also École students, and later they

became professors of mechanics and/or machines in the Polytechnipue.

The École Polytechnigue was the first school to separate the study of kinematics

from the study of machinery, a move proposed by Gaspard Monge (1746-1818), the

founder of descriptive geometry and one of the founders of the Polytechnigue as well.

Monge proposed that curriculum on mechanism analysis be included as part of his

program in descriptive geometry. Among Monge’s students who received the first

classes on mechanisms were Mexican engineer and mathematician José Maria Lanz y

378 Cf. Jacob Leupold, Theatrum machinarum cienerale or The General Theory of Machines (Leipzig:
Drucfts Chriftoph Bundfel, 1724, nine volumes). This is the first systematic analysis of mechanical
engineering. It includes, ahead of its time, a design for a high-pressure non condensing steam engine, the
likes of which were not built until the early 1800s. According to Eugene S. Ferguson, Leupold was a major
contributor in determining the notion of ideal performance of a machine, that is, the maximum output of a
given machine might be in the absence of all fraction and other losses. See Ferguson, ‘Leupold’s
Theatrum Machinarum’: A Need and an Opportunity”, Technology and Culture, 12: 1 (1971), 64-68.

Among those first teachers, but also theoreticians, were Gaspard Monge, Sadi Carnot, Joseph-Louis
Lagrange, Jean Pierre Nicolas Hachette, Louis Poinsot, Paul René Binet, Claude Louis Marie Henri
Navier, Dominique François Jean Arago, Jacques Philippe Marie Binet, Jean Victor Poncelet, Jean Marie
Constant Duhamel, Felix Savary, Alexis-Thérèse Petit, Gaspard Gustave Coriolis, and Michel Chasles.
See Marco Ceccarelli, Distinguished Figures in Mechanism and Machine Science: Their Contributions
and Legacies. Part I (The Netherlands: Springer, 2007) 36-37.
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ZaldIvar (1 764-1 839) and Spanish engineer AgustIn José Pedro del Carmen Domingo

de Candelaria de Betancourt y Molina (1758-1824). Together, Lanz y ZaldIvar and de

Betancourt y Molina, in their Essai sur le comiosition des machines (1808) separated

kinematics into a distinct discipline on the basis of the motion of mechanisms which they

divided into ten classes including rectilinear, rotary, continuous, and reciprocating.38°

Monge’s ideas on kinematics were re-elaborated by Lazare Nicolas Marguerite

Carnot (17531823)381 and by his teacher Jean Nicolas Pierre Hachette (1 769-1 834) in

his book Traité élémentaire des machines (1811). The latter presented a systematic

classification of mechanisms by capability, devised a classification chart and formed the

basis of the kinematics course of the École Polytechnigue which was later adapted at

West Point, United States. Hachette proposed the classification of the machine

elements into six orders: recepteurs, receiving the motion from prime movers;

communicateurs, passing on the motion; modificateurs, changing the type of the motion;

supports; requlateurs, transmission ratio regulators, and operateurs, performing the

machine function. Lanz y ZaldIvar and de Betancourt y Molina’s text and Hachette’s

work are the founding textbooks in kinematics and on the analysis of machines.

Later, Italian engineer Giuseppe Antonio Borgnis (1781-1863) in his Traté

complet des machines (1818) further classified mechanisms into classes based on

function, such as receiver, transmitter, or regulator. T his received further development

in the works of French mechanical engineers and mathematicians Gaspard-Gustave de

Coriolis (1 792-1 843)382 and Jean Victor Poncelet (1788-1867), respectively. 383

380 Cf. Marco Ceccarelli, Distinguished Figures in Mechanism and Machine Science: Their Contributions
and Legacies. Part I (The Netherlands: Springer, 2007) 36-37; Andrew D. Dimarogonas, Machine
Design: A CAD Approach (USA: John Wiley & Sons, Inc. 2001) 19-22; Robert Fox (Ed.), Technological
Change: Methods and Themes in the History of Technology (Amsterdam, The Netherlands: Harwood
Academic, 1996) 58.

381 His son Sadi Carnot was a founder of the field of thermodynamics and the theory of heat engines.
382 Cf. G. G. Coriolis, Calcul de lEffet des Machines ou Consideration sur L’Emloi des Moteurs et sur
leur Evaluation (Paris: Carilian-Geoury, Libraire, 1829).
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In 1830, André-Marie Ampere (1 775-1 836) published his Essai sur Ia philosonhie

des sciences384 and defined the machine as an instrument by the help of which the

direction and velocity of a given motion could be altered. He excluded forces from

kinematic analysis and gave to the study of such machines the name of kinematics. In

the new science, the movements are to be studied in the same way that we observe the

static bodies around us, especially in machines.

By the nineteenth century, however, mechanisms began to be understood as

motion-changing devices. This was formally codified by Charles Babbage (1791-

1871),385 Robert Willis (1800-1875), William John Macquorn Rankine 386 (1820-1872)

and later by Franz Reuleaux (1829-1905) who introduced ideas based on kinematic

pairs, kinematic chains, and compound mechanisms.387

As a result of the process of analytical engineering and theorization on machine

building, a new focus was given to laying down ways to facilitate machine reproduction

based on the idea of a mechanical system. Consequently, machines were broken down

into mobile parts forming interconnected portions. Couplings, joints, and dimensions,

for example, were standardised. In addition, machines had their own sources of energy

and were undergoing a process of multiplication and evolution, becoming more complex

with every new generation (thermodynamic machines).

Ironically, regardless of French advances in machine analysis and design in the

late-eighteenth century, the leading state engineering schools such as the

383 Cf. Jean Victor Poncelet, Cours de mécanigue appliqué aux machines (Paris: Gauthier-Villars,
Imprimeur-Libraire, 1826).
384 Cf. André-Marie Ampere, Essai sur Ia philosophie des sciences, ou exposition analytigue dune
classification naturelle de toutes les connaissances humaines (Paris: Chez Bachelier, lmprimeur-Libraire,
1830).
385 Cf. Charles Babbage, On the Economy of Machine Manufacture (London: Charles Knight, Pall Mall
East, 1835, and London: John Murray, 1835).
386 Cf. William John Rankine Macquorn, A Manual of the Steam Engine and other Prime Movers (London:
Charles Griffin and Company! Stationer’s Hall Court, 1866).
387 Cf. Francis C. Moon, “Robert Willis and Franz Reuleaux: Pioneers in the Theory of Machines” 209-
230.
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Polytechnigue contributed very little to the mechanisation of France’s industry. The

mechanisation was mainly the work of artisans and mechanics, British and French, the

majority of them self-taught with no academic training.388 Machine building was in

practice an accessory of other industries, mainly coal mining, metallurgy and textiles,

which required steam machines and manufacturing machinery. This technological

arrangement retarded the growth of the machine building industry in France into the

1830s. 389 Mexican mechanisation was also slow and a later phenomenon. In Porfirian

Mexico, machine building was an accessory of other industries as well. At the

beginning it was mining and, later, textiles.

Yet by late-nineteenth century, both theoretical paths, those of modular elements

and motion-changing devices, were consolidated into one common notion of the

machine, that of a series of assemblages of several components for the purpose of

transforming external energy into useful work. To illustrate the progression of building

up prior machine knowledge and technical expertise, let us consider three intertwined

practices. Firstly, the codification of knowledge, interpreted as the process of

development of theoretical consensus and authority, evolved in continuous interplay

with tacit knowledge of machines and practical experience. Data gathered in

experimental work was theoretically analysed and framed according to mathematical

principles and physics. At the same time, theory was tested by creating prototypes.

Again, data were gathered by machinists and engineers and transformed into empirical

knowledge that later served for theoretical analysis. Secondly, codification

encompassed many technical capabilities such as design, geometry and mathematics,

in combination with workshop techniques and empirical experience on machines

Thirdly, the formation and expansion of engineering networks working on steam

technoscience during the nineteenth century served to maintain a particular set of

technological arrangements in response to the changing social, political, cultural, and

388 Cf. James M. Edmonson, From Mécanicien to Ingénieur. Technical Education and the Machine
Building Industry in Nineteenth-Century France (New York: Garland Publishing Inc., 1987) 1-17.
389 Cf. Charles R. Day, Education for the Industrial World. The Ecoles dArts et Métiers and the Rise of
French Industrial Engineering (Cambridge, Massachusetts: The MIT Press, 1987) 213.
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economic dimensions of their own networks, and the contexts in which they set

themselves. Examples of these technological arrangements are the French and the

American engineering cultures. An example of networking can be illustrated by the

work of Franz Reuleaux. He was a major contributor to machine building publications.

He actively promoted the building of engineering networks that comprised teaching

machine theory in European and American universities, organizing engineering

societies, creating museum collections of machines, and participating as part of a jury in

machinery exhibitions such as industrial and world fairs. All together, technological

arrangements and networks were part of the process of codification of tacit and

theoretical knowledges of machine building fostered by many people and across

different locations and times.39°

To conclude, although during the Porfiriato, the utilisation of high-technoscientific

knowledge was constrained by the sociotechnological context of Mexico, Alejandro

Loubet was certainly a unique exception. Based on the conceptualisation of the

machine as a combination of modular elements and motion-changing devices, the

archival evidence suggests that Loubet and workers at the FundiciOn followed both

machine building paths to produce their engines, as shown in photographs El to E17.

During the machine building process, each theoretical path provided different

390 Cf. Francis C. Moon, “Robert Willis and Franz Reuleaux: Pioneers in the Theory of Machines”, Notes
and Records of the Royal Society of London 57:2 (2003) 209-230. Moon does not conceive Reuleaux’s
activities as a construction of networks. However, I claim that such activities were part of networking that
was instrumental for engineers in many ways as, for example, how engineers redefined themselves as
professionals; how they created their organisations, and established academic certification. My focus on
engineering networks is to explore the translation of knowledges and engineering cultures. I do consider
the social mobility of engineers as well but as part of the network process. For an approach that
documents the efforts of American engineers to gain status within industrial firms, see Edwin T. Layton,
“Science, Business and the American Engineer, in Robert Perucci and Joel Emery Gerstl, The Engineers
and the Social System (New York: Wiley, 1969). For analyses about the social structure of French
engineering and how engineers gained their status in France, see Charles R. Day, Education for the
Industrial World. The Ecoles dArts et Métiers and the Rise of French Industrial Engineering (Cambridge,
Massachusetts: The MIT Press, 1987), and James M. Edmonson, From Mécanicien to Ingénieur.
Technical Education and the Machine Building Industry in Nineteenth-Century France (New York:
Garland Publishing Inc., 1987). For analyses that documents the professionalisation of engineers in
Mexico in the nineteenth century, see Maria de Ia Paz Ramos-Lara and Rigoberto Rodriguez BenItez
(Coord.), Formación de Incienieros en el Siglo XIX (Mexico: Universidad Nacional AutOnoma de Mexico I
Universidad Autónoma de Sinaloa: 2007)
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alternatives that would have to be determined and compared. This technical feature

placed the design of mechanisms within the realm of geometry and mathematics which

meant that machine builders like Loubet, in order to produce engines and boilers, were

progressively required to develop more design capabilities while they combined tacit

knowledge of machine building, as expressed in learning by doing and face-to-face

interaction with machines. Therefore, in this study, I consider the evolution of the

theoretical path of machine building as historical evidence to support the technological

adaptation of steam engineering as performed by Alejandro Loubet, his business

partners, and workers of the Fundición de Sinaloa.
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2.2. Engineering: Craft, Science and Technology

The codification of knowledge in machine building, as previously outlined, is a

central premise for the explanation of processes carried out at the FundiciOn. Now, the

analysis moves to integrate machine building (tacit and codified), design, engineering,

and semiotic notions of machines to understand what was at stake when Alejandro

Loubet and workers began to adapt steam-engineering. For this reason, it is necessary

to study the integration of knowledge as well as the synergies between skills and the

organ isational procedures that they likely followed to build machines in the FundiciOn.

Foundries were cradles of machine building development during the nineteenth

century. Workshop interiors, with their messy conditions such as extreme room

temperatures, hissing sounds and sparks thrown out by burning metals, provided the

most crucial context for the interaction between men and machines. The range of

activities carried out by large-scale machinery and dozens of workers suggests that the

progress of steam machines was facilitated through the abilities of many people utilising

appropriate knowledges, skills, and manual techniques developed in their workshops as

part of their daily interactions with artifacts. This process, I argue, was part artisanal,

part scientific, and part technological. Foundries, as sites of learning by doing and the

construction of artifacts, however, shared in common the fact that most manufacturers

concentrated principally on machine design. For example, by designing, in advance,

what to do, the order in which things must follow, and the look of the final artifact, it was

possible to sort out economic, productive and labor challenges that may have been

difficult to solve without previous designs. In this sense, the Fundición was no different

than British, French, and American foundries that were part of the machine construction

industry during the 1880s. Designs gradually evolved toward a standard shape after the

second half of the nineteenth century and provided easy-to-reproduce guidelines for

building machine components, casting processes and assembling systems.

Although steam-technoscientific achievements were widely popularised in the

first half of the nineteenth century, pertinent codified knowledge did not find widespread

application in Mexico until the last part of the same period. Nevertheless, the delay in
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the machine construction industry in Mexico can be seen to reflect, at least to a certain

extent, a different set of economic, social, political and technoscientific conditions. In

other words, before the 1870s, steam technoscientific improvements available in the

international context could not be readily translated into Mexico. Machines arrived to

supply mechanical equipment required by Mexico’s mechanisation, but the

contingencies of the local setting did not enable the instrumentation of tacit and codified

knowledges to foster the machine construction industry on its own. In this sense, this

delay is to be regarded as a period of adaptation of steam engineering which eventually

was capitalised on by owners and workers of the Fundición.

Thus it is necessary to clarify the term ‘engineering’. In the literature on the

history of engineering this notion has been used as synonymous with technology, and,

in some instances, with craft.391 Technology encompasses craft, invention, science,

and engineering. In practice, there is no clear dividing line. Each of the aforementioned

includes some part of the others. But there are attributes that distinguish engineering

from craft and invention.

Firstly, engineers deal with systems of substantial size, like, for example,

foundries. In contrast, craftsmen’s work focuses on a small section of the system.

Secondly, engineers deal with systems of considerable complexity. Therefore, it is

difficult for the craftsmen to make systems merely by building them up from smaller

parts. A good example of complex systems is foundries. Thirdly, if substantial

adaptation is required, as in the case of the FundiciOn, to design a new system, an

engineer would be needed who could put together knowledge from different

components and other systems, together with knowledge from engineering, science,

floor-shop techniques, and synthesize a sizeable novel system. Fourthly, an existing

system, that of machine building, needs an engineer to redesign it if any of the design

parameters, such as the materials available, skilled workers, and more of the like,

change considerably. Fifthly, an engineer is supposed to accomplish a given task by

391 Cf. Donald Routledge Hill, A History of Engineering in Classical and Medieval Times (London: Croom
Helm, 1984).
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the rational utilization of resources, such as materials, fuels, craftsmanship, and capital,

to mention just a few. In the present case, Loubet translated from engineering cultures,

adapted to his local conditions, and created ways to produce engines and boilers on a

large-scale and in reasonable economic terms. Thus, Loubet integrated complex

systems of substantial size, such as metal casting and machine building. He also made

substantial adaptations to create a new system by redesigning critical design

parameters as, for example, casting materials, and fostered the rational use of

resources to optimise production. In practice, all those technological adaptations were

the result of Loubet’s knowledge in constructing mechanical devices by using

geometrical and mathematical applications in combination with his empirical training in

workshops.

But machine building is complex and comprised of tacit knowledge as well, along

with many realms and people such as physicists, mechanical engineers, metal workers,

tool makers and machine designers. In theory, machine building is based on the

premise of two main categories of energy: static or potential energy, and kinetic energy,

which cause movement. A s shown before, kinematics was developed as a branch of

mechanics for describing the motion of objects using words, diagrams, numbers,

graphs, and equations. T he main goal of kinematics is to develop theoretical models

which serve to describe and explain the motion of real-world objects such as

machines.392

In my view, however, the value of kinematics went beyond the construction of

prototypes and the observation of how artifacts would behave under certain conditions

such as heat and pressure. Kinematics produced at the same time empirical

understandings and applications based on the disaggregation of machines into their

basic components. By knowing theoretically the form and function of a machine

component, it was possible to observe in the workshop how that form and function really

392 Cf. Kenneth J. Waidron, and Gary L Kinzel, Kinematics, Dynamics, and Design of Machinery
(Hoboken, NJ: J. Wiley, 2004). The authors provide a good historical development of kinematics and
machine design with a focus on steam machines.
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worked even if the piece in question was not designed according to kinematics. The

kinematic disaggregation of machines was practical, manual, and required a hands-on

approach. Machines were dismantled into pieces by labor-intensive work and then

analytically studied. Theory emerged from the practical work of breaking the machine

into pieces. For these reasons, it was possible for mechanical engineers and

machinists to discover that, when many different machines are disassembled into their

constituent parts, there is a surprising similarity in the types of parts common to different

machines even though the machines have entirely different applications.

In particular, from the perspective of the kinematic path of modular elements,

most machines have rotating parts such as shafts, bearings and bearing supports.

Others have belts, chains and gears to transmit motion from one part of the machine to

another. From the point of view of the kinematic path of motion-changing devices, the

constrained motion between two neighbouring parts in a machine is a kinematic pair,

such as a piston in a cylinder of a steam engine. Several sets of linked kinematic pairs

form the basis of a higher level concept in a machine called a kinematic chain.

However, when considering both kinematic paths (modular and motion-changing) is

possible to discern that steam machines share common elements with other machines.

Therefore, steam machines are the accumulation of constrained motion between their

parts connected into a chain of elements despite their different purposes.

This kinematic disaggregation of machine components allows for the explanation

of two levels of acquisition of knowledge: codified and tacit. Codified knowledge is high-

status knowledge in some disciplines. In mechanical engineering (defined as the

application of principles of physics for analysis, design, manufacturing, and

maintenance of mechanical systems), from 1750 to 1850, the scene was dominated by

the steam engine.393 Machine builders knew of many machine elements. Several

Cf. Monte Calvert, The Mechanical Engineer in America, 1830-1910 (Baltimore: John Hopkins
University Press, 1967); Eliot Freidson, Professional Powers (Chicago: University of Chicago Press,
1986); Kathryn Henderson, On line and on paper: visual representations, visual culture, and computer
graphics in design engineering (Cambridge, Massachusetts: MIT Press, 1999); Francis C. Moon, “Robert
Willis and Franz Reuleaux: Pioneers in the Theory of Machines”, Notes and Records of the Royal Society
of London vol. 57, 2 (2003) 209-230; The Machines of Leonardo da Vinci and Franz Reuleaux.
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improvements were developed to the steam engine and its application to industrial

purposes. The capacity of steam and its latent heat was put into mechanical work; a

unit for the rate of mechanical work (the horsepower or hp) was established; the

mechanical equivalent of heat was introduced in accordance to the birth of

thermodynamics, and the ideal cycle for a heat engine into useful work was set.394

In contrast, tacit knowledge is the result of learning-by-doing. In consequence, it

is possible to infer that machinists working in foundries and workshops around the world

during the nineteenth century developed face-to-face experiences and skills while

interacting with other types of machines as, for example, those found in textile factories,

breweries, sugar mills, mining or tobacco rolling. They acquired tacit knowledge that

was translated in the learning of using new machines.395 Familiar with machines in

general, engineers could design, maintain and repair any given machine, and train

workers with tacit knowledge to perform specific tasks. These translations of

knowledges and skills had a direct impact on the production of steam engines and

boilers at the ES because the dynamic interplay of both forms of knowledges —tacit and

codified— facilitated steam-engineering production on a day-to day basis.

When codified and tacit knowledges produced interactions, machine building

processes that involved a system of components entered the development phase. In

such a way, the FundiciOn can be described as a production factory that was a

sociotechnical machine derived from other machines such as machine importers,396

government agencies, industrial businessmen, politicians, workers, machinists,

Kinematics of Machines from the Renaissance to the 20th Century. Series: History of Mechanism and
Machine Science, vol. 2. (Dordrecht, The Netherlands: Springer, 2007).

Cf. Andrew Jamieson, Steam and Steam-Engines. Especially Arranged for the Use of Science and Art,
City and Guilds of London Institute, and Other Engineering Students (London, UK: Charles Griffin &
Company, Limited 1894).

Cf. R. David Meyer, Networked Machinists. High-Technology Industries in Antebellum America
(Baltimore: The Johns Hopkins University Press: 2006).
396 By 1882, more than fifty merchants were established in Mexico City (Mexicans and Americans) who
imported machinery (manufacturing machines, railroad equipment, tools, and steam engines) from the
United States alone. See Consular Report 15 (January), Department of State (Washington: Government
Printing Office, 1882) 473-475.
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engineers, tools, and more machines to build machines. Owners, engineers, workers

and all those who were involved in the Fundición were part of the ‘machine’, as they

created machines as well. This semiotic understanding serves to conceptualise how

machine building was part of a great sociotechnical machine composed of assembles of

smaller machines, each of which stands in a flow and interrupts it. In this view, every

machine is a part of a system of machines, and between them, they integrate every sort

of flow. In other words, ‘the machine is the machine of the machine of the machine’.

Steam engines are not only their motion, parts or chain of parts, or their purposes, or

their builders, they are assembles of machines within machines with flows and

breakdowns like flows of steam and interruptions of heat. Together, the mechanical

view of machines and its semiotic conceptualisation constitute the framework to

understand how the FS developed technological adaptations and understandings of

steam machines by utilising codified knowledges and simultaneously learning-by-doing.
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2.3. Machine Building Materials

Iron is not only the soul of every other manufacture, but the main spring perhaps of civilized
society. Francis Homer, 1805.

The technological system developed by the Fundición required tools to build

steam machines but also diverse building materials. These final stations outline the

context of both aspects in order to complete the understanding of how the FundiciOn

managed to construct steam machines.

During the second half of the nineteenth century, mechanical engineers like

Alejandro Loubet at the FundiciOn, used carbon steel for the construction of machines

and structures.397 Based on the evidence, the ES imported pig iron to be forged as

steel or used iron to cast machine components. Steel, also called plain carbon steel, is

a metal alloy, a combination of two elements, iron and carbon, where other elements

are present in quantities too small to affect the properties. Carbon steel became the

most common form of steel as its price was relatively low at the time while it provided

material properties that were acceptable for many mechanical applications. 398 Thus the

FundiciOn had access to the most advanced material to construct machines and

managed to sustain its supply. As an example, based on the lists of imported

materials399 that were produced by JoaquIn Redo, in order to negotiate import duty

exemptions with the Mexican federal government through the Ministry of Einance or

SecretarIa de Hacienda, the following essentials were used in the machine building of

the iron foundry: cotton linens, pig iron, steel and iron wire Birmingham type, cast iron

Cf. Aubrey F. Burstall, A History of Mechanical Engineering (1963) 289. Iron and steel were
conventional in machine-building in Europe and the USA.

Cf. Crescent Steel Co, George Ede, Crucible Steel Company of America, (1881) 45-50.

The Contract of 1888 between the Mexican Federal Government and Joaquin Redo included eight
pages of building materials. See “Documento No. 5: Listas presentadas por el Sr. Redo y aprobadas por
Ia Secretaria de Hacienda. MercancIas que son indispensable para Ia construcciOn y reparación de
maquinaria”, in AGN-FIN, box 14, file no. 1, doc. 27, printed copy of: Contrato celebrado entre Ia
Secretaria de Guerra y Marina y el señor D. JoaguIn Redo para el establecimiento de un Arsenal y
Fábrica de Máguinas y Calderas en el Puerto de Mazatlán (Mexico: Antigua lmprenta de MurguIa, Portal
del Aguila de Oro nümero 2, 1889) 16-23.
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shovels for steam chimneys, cast iron furnaces, cast iron bolts, cast iron pulleys, cast

iron springs, metallic sheets, barbed wire, fireboxes, brass pulleys, wrought iron, hand

tools (files, steel knives for sharpening, screwdrivers, chisels, bellows, hand-saws),

nails, rivets, brass and copper weld, leather belts, steel round pads, iron plates,

benzene, etc. More or less, there were listed between 200 and 300 products used for

machine building. T he majority of the imported products consisted of chemical and

manufactured goods used for the maintenance, repair and construction of machines at

the time. Eventually, the FundiciOn was able to substitute some of these imported

products by locally manufactured goods, and, in some cases, by building their own hand

too Is.

Between 1850 and 1900, the iron and steel industry was revolutionised by the

coming of mild steel. It has low carbon content and is therefore neither extremely brittle

nor ductile. I t becomes malleable when heated, and so can be forged and molded to

cast specific machine parts. Two methods were codified for achieving the production of

mild steel. First, the Bessemer process (1855),°° and later, the Siemens-Martin (1865)

open hearth process. 401 The Bessemer process was the first less expensive industrial

process for the mass production of steel from molten pig iron. The key principle is

removal of impurities from the iron by oxidation through air being blown through the

molten iron. The oxidation also raises the temperature of the iron mass and keeps it

molten. The process is carried out in a large ovoid steel container lined with clay or

dolomite called the Bessemer converter. The capacity of a converter was from eight to

thirty tons of molten iron with a usual charge being around fifteen tons.

In 1865, Emile Martin and Pierre Martin purchased a licence from Siemens. The

Martins were the first to apply their furnace for making steel. Their process was known

as the Siemens-Martin process, and the furnace as an open-hearth furnace. The most

400 Cf. Thomas W. Fitch, Bessemer Steel: Ores and Methods (Saint Louis, Missouri: M. Renshaw, 1882)
74-96.
401 Cf. William Metcalf, Steel: A Manual for Steel Users (New York: John Wiley & Sons/London: Chapman
& Hall, Limited 1905) 11-13; Kevin Hillstrom, and Laurie Collier Hillstrom, The Industrial Revolution in
America: Iron and Steel, Railroads, Steam Shipping (Santa Barbara, California: ABC-CLIO 2005) 39-42.
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appealing characteristic of the Siemens regenerative furnace is the rapid production of

large quantities of basic steel used, for example, to construct high-rise buildings. The

usual size of furnaces is fifty to one hundred tons, but for some special processes they

may have a capacity of 250 or even 500 tons. The Siemens-Martin process

complemented rather than replaced the Bessemer process which was to become the

more popular of the two by late nineteenth century.

Both the Bessemer technology and the Siemens-Martin process to produce mild

steel are relevant for the machine construction of the Fundición. According to the

evidence, the foundry used the Bessemer process and was equipped with blast

furnaces to produce enough cast iron and steel as required.402 In addition, this means

that workers knew how to convert molten pig iron into steel and how to process many

alloys used for machine components. Put simply, pig iron was imported (basically from

England) and it is the intermediate product of smelting steel ore with coke and resin.

Pig iron has a very high carbon content, which makes it very brittle and not useful

directly as a material except for limited applications.403 But pig iron was also used to

produce cast iron at the FundiciOn. This was achieved by remelting pig iron, often along

with substantial quantities of scrap iron, and removing undesirable contaminants,

adding alloys, and adjusting the carbon content. To achieve this at the Fundición, iron

was most commonly melted in a small blast furnace known as a cupola. After melting

was complete, the molten iron was removed or ladled from the forehearth of the blast

furnace. Cast iron, with its low melting point, good fluidity, castability, excellent

machinability and wear resistance, became an engineering material with a wide range

of applications, including pipes, tools, and machine parts.

402 Cf. John Reginald Southworth, El estado de Sinaloa, Mexico: sus industrias comerciales, mineras y
manufactureras (San Francisco: Hicks-Judd, 1898), and Arturo Carrillo Rojas, Los caballos de vapor. El
imperio de las mápuinas durante el Canedismo (Mexico: Colegio de Bachilleres del Estado de Sinaloa:
1998).
403 Cf. Andrew Alexander Blair, The Chemical Analysis of Iron: A Complete Account of All the Best Known
Methods for the Analysis of Iron, Steel, Pig-iron. Iron Ore, Limestone Slag. Clay. Sand, Coal, Coke, and
Furnace and Producer Gases (Philadelphia: J. B. Lippincott Company, 1888) 7, 11, 12, 28, 53-59.
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In retrospect, the use of steel propelled the international engineering path toward

standardisation that was particularly advocated by the steel producers of the late-

nineteenth century. As a result, the Fundiciôn practiced machine building techniques

that were also shaped by other industries and technologies, in this case, steel

production. This fact also highlights the nature of the interplay of international and local

networks that were part of the FundiciOn as necessary machine components of the

machine of the machine. The use of steel serves to illustrate as well how the foundry

developed strategies to maintain its machine construction despite local constraints. In

Mexico, in general, coal was scarce and its cost was high.

In the international context, steel became crucial for the future of steam engines.

Many improvements were made based on the use of steel. For instance, engineers

created devices for testing the strength of materials (such as elasticity, tension, fatigue

of metals). Other scholars in mechanical engineering developed a theory of strength of

materials, and even the development of new machine tools and the further improvement

of the old ones were possible due to the incorporation of steel as a building material.

The combination of better materials, tools, and machine design along with advanced

mathematics, and tacit knowledge, together comprised one of the most radical

technoscientific outputs that made possible the construction of better steam engines,

creating professional networks that helped to translate much of the mechanical

engineering knowledge between 1850 and 1900. As a result of steam engineering,

much of the necessary knowledge became available through, among other avenues,

textbooks, new machines, machine tool handbooks, academic teaching, and workshop

practices that were shared among machinists and skilled workers.404 Also, machine

importers/exporters emerged in Mexico, Europe and the United States, as independent

business firms standing on their own, pushing forward a continuing flow of machines in

404 This fact seems also to be confirmed by the amount of available publications and manuals about
mechanical engineering, steam technoscience, metallurgy and machinery published from 1840 to 1910.
More than twenty-five titles of the time have been used to document this chapter. However, the use of
English texts to document this station does not mean that there were not French textbooks. In previous
chapters-stations, I have discussed Loubet’s French education and showed that the evolution of modern
machine theory was substantially the outcome of French institutions, in particular the École
Polytechnipue.
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diverse regions of the world. Machineries created networks that required technically

skilled people to operate, repair, and maintain machines, and to train an array of

industrial workers. Crucial within this process were the tools and machines to produce

tools created for different purposes. Indeed, in general, the interplay of all technical

artifacts enhanced the capabilities of engineers to design better machines, and to keep

up the pace of the technoscientific codification and mechanisation that was taking place.

In particular, these capabilities also allowed Loubet and workers of the Fundición to

construct steam machines and to devise ways of adapting and merging techniques and

tools.
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2.4. Tools and Machines to Build Machines

Machine building would not be possible without the extensive use of tools and

machines designed to build machines such as steam engines.405 As stated in this

appendix, machines derived from other machines and from tools for building machines

that, in turn, served to construct other machines. In this manner, I have completed one

leg of the train journey, that concerning the evolution of steam-technoscience, in order

to illustrate how Loubet and workers of the Fundiciôn likely managed to construct

engines, boilers and other kinds of machinery. I have shown how codified and tacit

knowledges, Loubet’s education and job experience, sociotechnological arrangements,

constraints, translations, the emergence and synergies of international and local

networks, and possible paths of developing technological systems such as

standardisation of machine designs and the production of building materials, interacted

historically and locally in Mexico, to explain, from under the mechanical skin of engines,

and from a sociotechnological perspective, how the Fundición achieved the

technological adaptation of steam engineering.

At this point, the analysis requires a brief contextualisation about the tools and

machines that were essential for the FundiciOn to produce steam machines. Despite

the fact that there is no direct evidence to establish the existence of specific tools in the

Fundición, based on the visual analysis of the engines and boilers, and their extensive

chain of mechanisms and components that both represented, it is possible to say that

the foundry united an array of tools and skilled machinists capable of working, repairing

and replicating some tools. Put simply, workers of the FundiciOn knew how to use tools,

manufactured the basic ones, and imported others. The most basic tools were milling

machines, lathes, gear-cutting, boring, screwing, shaping and grinding machines,

indispensable for finishing up parts, mounting structures and machine parts. Other

processes such as drilling, punching, sawing, shaping metal, and riveting required other

405 This section is based on the works of J.C. Robertson, The Mechanics’ Magazine, Museum. Register,
Journal, and Gazette (London: Robertson and Co., 1848), and William Steeds, A History of Machine
Tools, 1700-1910 (Oxford: Clarendon P., 1969).
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types of tools, many of them steam powered. The foundry had two steam engines and

two boilers to supply the power to use some tools. But other than this evidence, it can

be inferred based on Loubet’s education that he was also highly trained in using tools.

The workshop training that Loubet received in France was focused on using tools.

Constant deployment of tools facilitated the understanding of their function and the

developing of machine techniques applicable to machine building. Problem-solving

could not happen without tools either. Thus, tools and machine tools provided

solutions, ways of doing, and served to organise workers to fulfill tasks within the

system of machine construction. The relationship between tools and machine building

was critical to adapt technology, materials and know-how according to local conditions.

Different uses of tools also contributed to the process of adaptation. For instance, air

pumps powered by steam were later used to power riveting machines. New uses of

machines and tools reveal that machines and engineers are constantly in the process of

mutual shaping and reshaping and that this technological flexibility was certainly

required to organise the Fundición.

To illustrate the historical importance of tools and their sociotechnological

aspects, let us focus on how tools allowed the advancement of better machine design,

more efficient machine building, and fostered the evolution of steam-engineering as

well. In general, from 1750 to 1850, general purpose machine tools were constructed

such as the milling machine, the shaper, the metal planer, and, most significantly, the

special purpose machine tool designed specifically to perform certain operations on a

particular part of a particular size. A paramount example of the latter which also serves

to highlight the relationship between machine tools and the steam engine is the

cylinder-boring device invented in 1774 by John Wilkinson. Wilkinson’s machine tool

enabled Watt to build a full-scale steam engine, It made the steam engine a

mechanical and commercial success, and it was the forerunner of all the large, accurate

metal-working tools of modern industry for gear-cutting, boring, screwing, milling,

shaping and grinding machines devised for mounting structures and machine parts. As

a result of these technoscientific developments, humans became dependant on

effective machines to manufacture goods and to produce economic wealth. The nature
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of this human-machine relationship can be best captured in the words of Charles

Babbage. The advantages which are derived from machinery and manufactures seem

to arise principally from three sources: The addition which they make to human power.

The economy they produce of human time, and the conversion of substances

apparently common and worthless into valuable products.406

Indeed, enhanced human power, economy of time, and the transformation of raw

materials into valuable goods were direct consequences of mechanisation. Steam

engines and modern industrial societies could not exist without machine tools. In the

same manner, modern manufacturing processes could not be possible without machine

tools. The transformation of metals from their origin as ore to their finished state is

completed by metal working machine tools and other efficient machinery. In brief,

machine tools are machines designed to reproduce themselves and set effective limits

on the quality and efficiency of machine components.

In conclusion, the evolution of steam power was, in part, the result of machine

building codification, workshop tacit knowledge, the notion of machine parts as

interchangeable, and the advancement of machine tools and construction materials.

Mechanical work, efficient machines, machine tools, mass production, and greater

labour productivity were supposed to lead to economic progress. Even the idea of

progress itself was engrained in the mentality of entrepreneurs and techno-scientists

and had been since the eighteenth century. Later, the men and women of the

nineteenth century thought of their time as one in which life had acquired comfortable

patterns considered to be both rational and permanent. The machine was their symbol.

Therefore, people not only believed in progress; they even began to believe in

‘necessary progresses’. Things had to get better because that was the nature of things.

Nonetheless, this technical equation for progress was not a straightforward one but

rather heterogeneous. The social, economic, cultural and political constraints in

Porfirian Mexico shaped steam applications and made more complex the incorporation

406 Cf. Charles Babbage, On the Economy of Machinery and Manufactures (London: John Murray, 1835)
6. The first edition was published in 1832.
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of any given technology. In other words, machines are not only a packaging of

knowledge about different things nor are they merely artifacts transferable between

geographies. To construct steam machines and to adapt steam engineering constituted

a complex process, not always clear-cut, that required access to knowledge and the

ability to use that knowledge to build engines and boilers. For this reason, the analysis

of the inner workings of steam machines was indispensable to describe the efforts of all

those who were involved in the FundiciOn and to explore what might have been the

possible ways that led Loubet and workers to achieve the construction of steam

machines. The historical interplay of steam engineering in different settings through the

progressive emergence of actor-networks facilitated the translation of steam machines,

machine design and building systems, and allowed machine construction in Mexico.

The international standardisation of the Corliss engine and steel production, along with

the production of advanced tools and machine tools, moved forward the evolution of

manufacturing machinery and steam machines that were required in the international

processes of mechanisation that led to industrial and economic growth of the world.

The FundiciOn, therefore, constitutes a historical example of technological

adaptation which had no previous precedent in Mexican history, and that was

developed in a situated practice. This case also illustrates how technologies interact

across cultures in time and space, and how social settings shape technology and are

shaped at the same time by technology, in particular, steam technoscience embodied in

the construction of steam machines.
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2.5. Steam Engine Components

By late nineteenth century, steam engine components were considerable

improved due to the betterment of constructing materials —cast iron and steel—, new

machine tools for building, and skilled machine craftsmanship. The basic mechanism of

the steam engine consists of: cylinder, valves, piston, piston rod, stuffing box, cross-

head, connecting rod, crank, counterbalance, shaft, bearings, flywheel, eccentric, frame,

and foundation. The following is a brief general description with the aim to establish the

complexity, language, knowledge and machine understanding necessary to replicate an

artifact.

Cylinder. Usually, steam engine cylinders were made of cast iron and the

bore407 was carefully machined. Even with proper lubrication, the surface exposed to

wear acquired a high polish and the metal was worn away progressively. The ports

were cored in the casting and were not finished except along the edges at the valve

seat. t each edge of the cylinder the diameter was made slightly larger. This enlarged

part was called the counter bore. It should extend far enough so that the piston ring

came to its edge, in order that a shoulder did not be worn in the cylinder wall. The

cylinder head was bolted to the cylinder, and the joint was made steam tight by means

of a gasket or a ground joint. In the smallest engines the cylinder was cast as part of the

frame, but ordinarily it was cast separately and bolted to the frame. In large engines

where high efficiency was desired the cylinder had a steam jacket. Some times the

heads were jacketed. In any case the cylinder was insulated by some non-conductor of

heat, called lagging.

Valves. The purpose of the valve was to admit steam to the cylinder, and to

release it from it. The design of valves was crucial due to the fact that and engine may

run with the valves improperly set or designed, but more steam was to be used.

Overall, the valve action can be described as follows. The valve slides back and forth

407 Bore, when used in the context of piston engines, is a measurement of the diameter of the holes bored
into the engine block for use as cylinders (Burstall, 1963: 21 3-216). See also boring machines.
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on its seat, alternately opening and closing the ports. An eccentric on the shaft drives

the valve. The eccentric road was usually long in comparison with the throw of the

eccentric, so that the valve had the same motion as the horizontal component of the

eccentric.

Piston. Piston for stationary engines was made of cast iron. The piston was

turned into a slightly smaller diameter than the cylinder. Leakage of steam past was

prevented by the use of piston rings made fit into grooves cut around the piston. In the

small sizes the rings were made in one piece slightly larger that the diameter of the

cylinder. A piece was then cut out of each ring, and they were snapped into the groove

in the piston. On larger pistons the rings were built up in sections and were pushed out

against the cylinder walls by springs placed under them. On smaller engines the

pistons were cast in one pieces, usually were hollow to make them as light as possible.

Piston Rod. The piston rod connected the piston to the cross-head. It was made

of steel, and the connection was very tight. In horizontal engines, for example, a tail rod

sometimes extended from the piston out through the head end cylinder head, and its

outer end was carried by a slipper on a guide. This arrangement allowed the weight of

the piston to be carried by the slipper and the cross head and lessened the wear on the

piston and the cylinder.

Stuffing Box. The joint between the piston rod and crank-end cylinder head was

made tight by a stuffing box. The packing used on low pressure engines in this box was

fibrous, but with high steam pressure a metallic packing was commonly put in place

The action of the stuffing box was designed to keep the joint steam tight and at the

same time to allow little friction of the rod.

Cross-Head. The cross-head and the cross-head pin or wrist pin formed the

connection between the piston and the connecting rod. The cross-head was made to

move in a straight line by guides on the frame engine. The two guide type was the most

common, although four guide and one guide types were used occasionally.
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Connecting Rod. It was made of steel and connected the wrist pin to the crank

pin. Tension and compression was alternately. The main function of the connection rod

was to balance the bending stress. Thus, in high speed engines its cross section was

rectangular or I-section type whereas in slow speed engines the rod was made circular

in section.

Crank. The crank pin was made of steel, and it was a part of the same forging

as the crank and shaft, or it was set into crank discs which were keyed to the shaft. Its

function was to produce motion.

Counterbalance. The crank pin and half of the connecting rod usually were

considered as rotating parts and should be counterbalanced to make the engine run

smoothly. Furthermore, as kinematic pairs, the piston, piston rod, cross-head, and half

of the connecting rod had a reciprocating motion. Thus, it took a large force to start and

to stop them on each stroke. Unless they were counterbalanced the engine vibrated on

the foundation.

Shaft. Engine shafts were made of steel. They were either forged to make the

crank and crank pin integral parts of the shaft, or the crank was keyed to the shaft. In

addition to the key, a shrunk fit sometimes was used, or the crank disc was pressed on

by hydraulic pressure.

Bearings. In a side crank engine there was one main bearing, and there were

two bearings in a center crank engine. The weight of the flywheel was carried partly by

an outer bearing called an out board bearing. Main bearings were made up of four

parts; the cap, the bottom part which takes the vertical wear, and two side pieces which

take the horizontal wear. In sum, bearings permit constrained relative motion between

two parts, typically rotation or linear movement.

Flywheel. The turning moment on the crank varies at different parts of the

stroke. In order to keep the shaft turning at approximately the same speed at all times in

the revolution, a flywheel was put on the shaft. This stored up and gave out energy at

proper times, thereby keeping the angular velocity approximately uniform. The flywheel
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could carry the belt or there was a separate belt wheel in addition to the flywheel, in

which case the later was called a balance wheel. The flywheel was made of cast iron.

In the smaller sizes it was cast in one piece, but in the larger sizes, it was cast in

sections. A flywheel is a rotating disc used as a storage device for kinetic energy.

Flywheels resist changes in their rotational speed, which helps steady the rotation of the

shaft when a fluctuating torque is exerted on it by its power source such as a piston-

based (reciprocating) engine, or when the load placed on it is intermittent (such as a

piston pump).

Eccentric. An eccentric was placed on the shaft or governor arm to drive the

valve. Oftentimes, it was encircled by the eccentric strap, which was connected to the

valve by means of the eccentric rod ands the valve stem. An eccentric is a circular disk

solidly fixed to a rotating axle with its centre offset from that of the axle. It is most often

employed in steam engines and used to convert rotary into linear reciprocating motion

in order to drive a sliding valve or a pump ram. In order to do so an eccentric usually

has a groove at its circumference around which is closely fitted a circular collar

(eccentric strap) attached to which an eccentric rod is suspended in such a way that its

other end can impart the required reciprocating motion.

Frame. The frame was med of cast iron in stationary engines. The greater the

weigh of frame the more smoothly the engine ran. On some small high speed engines

there was a cast iron sub base placed between the frame and the foundation. Frames

had different names according to their shape and the cylinder arrangement.

Foundation. Foundations were made of brick and later of concrete. The frame

was fastened to the foundation by anchor bolts. The foundation should be quite

massive and should rest on firm soil to carry the weight of the engine and foundation

without settling.

Horse Power. Although the “Horse-Power” is not a steam engine’s component

but a unit of power adopted by mechanical engineers in the nineteenth century —today

is no longer in use in scientific literature—, it is crucial to know how is calculated the
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horse-power exerted by an engine. James Watt coined the term ‘horsepower.’ He

determined that a horse could turn a mill wheel 144 times in an hour (or 2.4 times a

minute). T he wheel was 12 feet in radius; therefore the horse travelled 2.4 x 2Tr x 12

feet in one minute. Watt judged that the horse could pull with a force of 180 pounds

(assuming that the measurements of mass were equivalent to measurements of force in

pounds-force, which were not well-defined units at the time). Eventually, Watt

estimated that a horse could raise 33,000 lbs of water one foot per minute.

At this point we have seen the theories that codify machine building, the

concepts that express the technoscientific content, and the action and components of

steam engines. What follows are the classification of engines and boilers.
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2.6. Classification of Steam Engines

In general, steam engines were usually classified according to their applications.

Considering the case of the FundiciOn, double-acting engines, designed to be as

stationary engines, are crucial because this particular engine-type was usually

constructed at the FundiciOn. The main reason for choosing this engine-type, it was

because it was easier to adapt according to the setting and the specific industrial

purposes. In addition, some models of double-acting engines were more or less easier

to construct than others based upon their designs. In other words, there is a historical

interplay between specific productive needs shaping machines, and machines

reshaping technical ways of production.

By 1840s, Richard D. Hoblyn408 classified steam engines based upon their

applications (primarily locomotives), type of exhaust (condensing and atmospheric), and

expansive or non expansive engines. Selection of a particular steam engine depended

upon the requirements and constraints of an application and the features of the engine.

This rationale had a direct impact on costs of production, materials, labour, and

operational capabilities that machine builders of the Fundición would have to consider.

For example, there are significant differences in building a 250 horsepower vertical

engine for vessels as compared to a 100 horsepower horizontal, double-acting, steam

engine designed to power textile machinery. Today, as thermodynamic and kinematic

theory developed, steam engines can be classified in the following ways.409

1) Orientation of cylinder axis: a) Horizontal b) Vertical. The FundiciOn built both

types of engines (E2 and E3). The main reason for this orientation was due to space

and technical requirements.

2) Speed: a) High: 250 rpm and above b) Medium: between 100 to 250 rpm c)

Slow: less that 100 rpm. The Fundición produced engines between the rage of slow

408 Cf. Richard D. Hoblyn, A Manual of the Steam Engine (London: Printed for Scott, Webster and Geary,
Charterhouse Square, 1842) 140-1 42.
409 Cf. Onkar Singh, Applied Thermodynamics (India: New Age International, 2003) 545-547.
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and medium speeds with few exceptions of high-speed engines. But at the time, a

sixty-five horsepower engine could be considered as a high-speed engine.

3) Type of steam action: a) Single acting: steam works in one side of the piston.

Only one stroke if used for work output. b) Double acting: steam works on both sides of

the piston. Forward and backward strokes work simultaneously. The FundiciOn

predominantly built double-acting engines. The demand of this engine-type could be

based upon considerations of fuel efficiency.

4) Expansive or non expansive type of working: a) Expansive: steam is injected

throughout the piston stroke, b) non-expansive: piston movement is produced due to

high pressure steam. The double-acting engines built by the ES could use both

expansive and non-expansive input.

5) Type of the exhaust: a) Atmospheric: steam engine is extended up to sub

atmospheric pressure, b) condensing: steam is generally delivered at 0.05 bar inside

the condenser. The Fundición produced condensing engines only.

6) Number of stages: stages can be from 1 to 5 or more stages of steam.

7) Number of cylinders: a) Single cylinder: steam expands on one cylinder. b)

Compound steam engine: steam expansion can occur in high pressure cylinder or in

low pressure cylinder. The FundiciOn built both types: single and compound.

8) Type of governing or eccentrics: a) Throttle governing: reducing the steam

supply pressure in the cylinder volume. b) Cut-off governing: varies the point of cut-off in

the cylinder volume. The EundiciOn used different types of governors such as Mayer

and Porter Allen.

9) Type of application: stationary, marine and locomotive. Engines built at the ES

were predominantly stationary although some were for marine purposes. By late

nineteenth century, the FundiciOn was producing better built stationary double-acting,

expansive and non-expansive engines with condensing exhaust and different varieties
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of governors. These engines were capable of high-speed and more accurate

condensation, thus making them a perfect option for a wide range of industrial

applications.
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2.7. Classification of Boilers

This section illustrates the requirements for building boilers according to pertinent

sources from the nineteenth century.41° But, most importantly, it provides insights into

how sources of power were built separately from engines, and how both machines had

to be connected in order to perform mechanical work. This procedure of keeping two

independent systems of manufacturing machines was achieved by the FundiciOn.

Machine builders in the foundry of Mazatlán focused primarily on the building of fire-

tube Cornish and Scottish types of boilers. This fact suggests that processes of

machine building were more complex, required more skilled workers, easy to use

technical knowledge, and the availability of an extensive collection of tools and building

matena Is.

The building process of boilers was the most critical part for machine designers.

The dangers of explosions were considerable at any given time but increased as boilers

had to work under constant high pressure for long periods of time, as double-acting

engines evolved. Compared with the rapid improvement of the engines, the

technological development of boilers lagged behind. Engineers quickly amassed

information about thermodynamics, the action of steam in the cylinder, the strength of

materials in the engine, and many other aspects of steam engine operation. But there

was little theoretical understanding about the build-up of steam pressure in the boiler,

the effect of corrosion and decay, and the causes of boiler explosions. High pressure

steam had made the current boiler design obsolete by producing excessive strain on the

boilers and exposing weaknesses in the materials and construction of the boilers.

To counter these problems, engineers introduced two types of safety features:

safety valves to reduce steam pressure when it reached a dangerous level, and fusible

lead plugs that were supposed to melt when the temperature in the boiler grew too hot

because of the overheating of the steam. But these technological fixes did not solve the

410 This section is based on William Henry Ford, Boiler Making for Boiler Makers. A Practical Treatise of
Work in the Shop (New York: J. Wiley & Sons, 1887) 9-108; 196-203.
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problems, and the number of explosions continued. The fixes were unsuccessful

because engineers did not fully understand what went on inside the boilers. It was after

the 1850s that the dynamics of steam generation was understood.

Eventually, boilers have improved with changing metal working technology, fuel

availability, and increases in combustion and heat transfer technology. However, the

purpose of boilers has not changed from the early days. Boilers work as heaters and

provide the steam required for steam engines and power plants.411 Their function is to

evaporate water into steam at a pressure higher than the atmospheric pressure for

running steam engines or to provide hot water. Boiler furnaces can use solid, liquid or

gaseous fuel.

Boilers are mainly classified upon design, materials, use, and type. This section

follows the type-classification because at late nineteenth century it was the most

advanced. Accordingly, there are fire-tube boilers and water-tube boilers. In fire-tube

boilers, hot gases from the furnace pass through the tubes which are surrounded by

water. In water-tube boilers water circulates inside the tubes which are surrounded by

the hot gases from the furnace. Water-tube boilers were designed for land-based

power stations and fire-tube boilers provided power for steam engines. Derived from

fire-tube boilers there were variants that included technical differences in the furnace

such as number of fire boxes, their position —vertical and horizontal— and water

circulation known as: Plain Cylinder Boiler, Cornish Boiler, Lancashire Boiler, and

Scotch Boiler.

A Cornish boiler has a single large flue containing the fire. The introduction of

this boiler is usually identified between 1811 or 1812 when Richard Trevithick replaced

the Watt’s wagon boilers or plain boiler at the Dolcoath mine in Cornwall with this

type.412 These boilers were cylindrical with flat ends. A fire-tube ran through the middle

411 Cf. Mohammad A. Malek, Power Boiler Design, Inspection, and Repair (New York: McGraw-Hill, 2005)
241-252.
412 Cf. Francis Trevithick, Life of Richard Trevithick: with an account of his inventions (London: E. & F.N.
Spon, 48, Charing Cross, 1872) 108-1 09.
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and helped to stay the ends. The furnace was in one end of the tube. The gasses pass

to the back through the tubes where they were divided before passing outside along

either side to the front. At this point, they joined in a central flue under the boiler and

from there went out the chimney. The idea was that, with such long tubes, the

maximum amount of heat could be extracted.

Lancashire boilers had twin furnace tubes side-by-side and extended through the

boiler from end to end which gave it a much larger heating surface than that of the

Cornish boiler. This boiler was developed in 1844 by William Fairbairn.413 The addition

of ‘Galloway tubes,’ patented in 1848, brought a further improvement in heat transfer

and fuel efficiency. Galloway tubes were metal tubes that crossed the hottest part of

the furnace. They improved water circulation and increased the area of the heating

surface. Galloway tubes also acted as stiffeners and greatly strengthened the main

flues against collapse. To produce steam, coal was shovelled through the fire doors at

the end to maintain a fire in each of the furnace tubes. A typical Lancashire boiler

would consume around six tons of coal per day.

By combining the features of the internally fired boiler and the horizontal return

boiler, a new boiler was developed which was internally fired, has a large heating

surface, a reasonable long gas travel, and required no external brickwork. This boiler

became known as the Scottish Marine Boiler414 since it was extensively used for marine

service by the British Navy. The Scottish boiler was similar to a Lancashire boiler but

the flues led into the combustion chambers. From there, the hot gases were reversed

to flow through a large number of horizontal fire-tubes that were located within the boiler

shell above the flues. All parts are completely surrounded by water. This type was the

forerunner of the modern packaged type fire-tube boiler now popular in heating

services. Fire-tube boilers were widely used and today are still in use in small and

413 Cf. William Pole, Life of Sir William Fairbairn, Bart (1877) 256-260.
414 Cf. William Laxton, The Civil Engineer and Architect’s Journal. Scientific and Railway Gazette, vol. VIII
(London: 1844) 7-8.
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medium scale industries for heating applications, where steam and hot water are in

demand.

Basically, a fire-tube boiler built at the FundiciOn consists of a cylindrical shell,

made of steel, in this case wrought iron plates rolled into a cylindrical shape and riveted

together. The ends of head are formed from flat circular plates flanged around the outer

edge and riveted to the cylindrical shell. A large number of fire-tubes extend from one

end sheet to the other. They occupied the lower two thirds of the shell, the top third

being steam space. In large boilers, some of the tubes are made heavier and are

threaded to the ends. In general, the tubes act as stays made from steel or iron rods

that run —diagonally or through— the entire length of the shell, pierce the tube sheets

and hold the sheets in by means of nuts. The tubes are expanded into the sheet and

their ends are beaded over. The feed pipe enters the front end of the boiler just below

the water line, and the steam leaves by the dry pipe which leads out of the top of the

shell. The mud is blown off through an outlet at the bottom near the rear. Its design

may vary according to the feed water; for example, pond or stream. A manhole is

located at the top near the rear and a hand hole in front beneath the tubes. The grate is

put beneath the front end of the shell. The products of combustion pass over the bridge

wall, back along the bottom of the shell, enter the tubes from the rear; pass through

them and out of the uptake at the front of the boiler or through a flue over the top of the

boiler to an uptake at the rear. Finally, the shell is supported by brackets which are

riveted to the shell and rest on the brick work of the setting. Some times, iron brackets

were poled into the ground to anchor the shell. The rear bearing is fitted with rollers to

allow the boiler to expand without cracking the setting.

As shown, boilers represented another machine building system that machinists

and engineer Alejandro Loubet learned how to construct. Following current practice at

the time, as for example, in the United States, the Fundición kept as well two separate

but parallel machine building systems: one for engines and one for boilers. This system

of machine building was successfully adapted in the FS, showing at the same time that

machine builders were also knowledgeable in putting both engines and boilers together.
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