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Abstract
As the competition of the cabinetry industry becomes more and more intense, improving
the efficiency of production, reducing the cost and increase the quality of products are
increasingly important for companies to defend the market share and remain the
competitive statues in the industry. The implementation of fully automatic CNC router is
one effective way to deal with the current challenges. Although CNC routers require
relatively higher capital investment, they can increase the accuracy, productivity,
flexibility and simplicity of the production significantly. In reality, these factors are all
keys to success for the cabinetry companies. Nickels Cabinets is one example that shows
the change of the manufacturing method. Its outstanding performance in the industry
proves that the automatic operating system is the future trend in the secondary wood
industry. According to the cost analysis, we can see the present worth of the total cost of
investing and operating a CNC router for ten years.
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1.0 Introduction
The secondary wood manufacturing industry in British Columbia which has a great
competitive advantage contributes a significant amount to the provincial GDP and the
labour market. The rich natural resource is one key success factor, since raw material
supply is one constraint that affects the efficiency of the production. Fortunately,
companies in BC will have less concern about this issue because Canada has affluent
forest resources which are about 400 million hectares, and it accounts for almost 10% of
the total forest cover in the world (Statistical Data, 2010). To best utilize the treasures,
developing value-added products which have the greatest potential of creating maximum
profit margin can be one future opportunity for the industry, and it considerably increases
the level of economic activity as well.
The secondary wood manufacturing sector consists of ten types of business: cabinets,
millwork, log homes and timber frames, remanufactured products, engineered wood
products, furniture, pallets and containers, shakes and shingles, panelboards and other
wood products. As shown in the survey that was conducted by the Natural Resource
Canada, cabinets and furniture sectors together create the highest level of employment
and gross sales per unit of roundwood equivalent among the secondary wood industry
(Brad Stennes and Bill Wilson,2008). Therefore, to sustain a stable labour market and
economic environment of British Columbia, it is essential to maintain the competitive
advantages and a steady growth rate of cabinet and furniture industry.
However, because of the increasing trend of globalization and US economic recession
during the recent years, the secondary wood industry in BC has been facing tremendous
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challenges. To survive from the intense competition, increasing the efficiency, reducing
the costs and differentiating the products become extremely crucial. As a result, using
advanced automatic machinery for secondary wood product manufacturing is getting
more and more popular in Canada, since a wide range of benefits are identified by the
users. For example, it increases the productivity and the quality of the products; it also
reduces the waste of the material and labour cost. However, there are also some
disadvantages for the potential users when they decide to adopt the automatic equipment,
such as the cost of education and training, the increased maintenance cost and the new
software expenses (Furst, 2010).
In my report, I will critically explain the advantages and disadvantages of the CNC
routers. And based on a case-study of Nickels Cabinets and the general situation of the
cabinetry industry, a cost analysis will be conducted, so that I can make conclusion and
recommendations about the operation of the cabinetry companies.

2.0 Machine Description
The Computer Numerically Controlled (CNC) routers are versatile and fully automatic
machineries that integrate the function of sawing, drilling, routing, etc. As the name
indicated, a CNC machine is controlled to conduct certain operations by inputting
numerical data into the computer system, so different machining operations can be
displayed if the sequences of the program codes are varied (HMTLimited,1999). In this
section, I will explain the main uses and evaluate the advantages and disadvantages of the
CNC machines used for wood cabinet manufacturing.
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2.1 Uses
There are two types of CNC routers: Three-axis and Five-axis. Three-axis machines are
mainly used to cut flat parts while Five-axis machines are capable of producing threedimensional parts. In this case, the CNC routers introduced are three-axis machines
because the kitchen cabinet production is a relatively standardized process, and for a
kitchen cabinet company like Nickels Cabinets, the main machining operations are nested
cutting, sawing, grooving, shaping and drilling of composite panel products like particle
board, MDF and plywood. Nested cutting and all-in-one process are excellent features of
CNC routers because they speed up the process and increase the accuracy significantly.
Moreover, the computerized system simplifies the process and meanwhile, it increases
the flexibility of the cutting, so it allows more customized products to be produced at a
high production speed.
The design of kitchen cabinet varies among different manufacturers, but, in general, they
all consist of five basic components: base unit, wall unit, tall unit, corner unit and
countertop so the manufacturing processes are similar panel-based cutting process which
includes sizing, groove cutting and drilling for each product. Particle board, MDF and
plywood panels are the most popular materials of making the box structures because
engineered wood panels are relatively cheap but have outstanding dimensional stability
and machinability. For body structure, the most important factor we need to consider is
the in-service performance, such as water resistance and warp resistance, rather than the
appearance since they are not exposed to the outside. However, for doors, countertop and
drawer front, composite wood product with solid wood veneer and solid hardwoods are
often used since their appearance affects people’s perceptions of the products to a large
3

extent. In this part, I will take a simple base unit which is shown in Figure 1 as an
example to show the advantages and disadvantages of automatic operation process.

Back

Top
Gable
Drawer

Gable

Door

Figure 1. A standard frameless cabinet base unit
Source: http://www.meikitchens.com/parts/box-thickness.php
There are six parts of the base unit structure: two gables, top, back, drawer and door. To
achieve the high quality and keep the consistency of products, company like Nickels
Cabinets choose to outsource the door and front components, so that they can focus more
on the core parts of the kitchen cabinet. Therefore, in my analysis, I will assume the
company only produce the body structure.
2.2 Advantages
The CNC routers have many advantages over the conventional manufacturing machines,
such as accuracy, productivity and simplicity. The following parts compare the CNC
4

router with the conventional production lines to explain the advantages of CNC machines
in detail, so that people can have a better idea when they decide to invest in the automatic
production lines.
2.2.1 Improve Accuracy
All-in-one feature of the CNC machines is the main reason that increases the accuracy of
the final products since it eliminates the human errors and reduces the chance of having
machine errors. In other words, the less the inter-processes, the less the errors will happen.
For conventional production system, the components have to go through several stations,
such as sizing, shaping and drilling, and each machine is set up and operated by the
operators. Also, for different components, the machine has to be set up accordingly since
the sizes and type of operation of different parts are various. Although company often
requires experienced and skilled operators to ensure the quality of products, it is still
highly possible to make mistakes. Even for the CNC routers, the accuracy reduces when
we reposition the board during the process because it is impossible to replace the board
on the same spot. However, CNC routers enable all the components including the odd
shaped parts to be cut in one process without interruption. As long as the codes are
correctly programmed, the machining process will be extremely accurate (Nested-Based
Manufacturing, ).
Computer aided system is another reason for the CNC routers to achieve greater
positioning accuracy. By the aid of computers, the servo motor is closed loop which can
get instant feedback so that the machine will know the exact position of the tools.
According to the feedback received, the computer will analyze the conflicts between the
actual and expected situations, so that it can correct the improper commands and
5

accomplish a better job. For high quality CNC routers, servo motors are often used
(Furst, 2010).
2.1.2 Improve Productivity
The improved productivity can be shown by the increased yield and reduced processing
time. By using the computer aided drawing software, all the parts can be completely
nested on a panel sheet, so engineers can optimize the cutting patterns prior to the cutting
process, so that the yield can be maximized. Compare to the conventional cutting system,
the waste of raw materials are lowered to the minimum amount.
The parts coming out from the CNC machine center are ready to assemble, so it reduces
the in-process stacking and unshackling time and labours. Also, with the development of
mechanical technology, current CNC routers can support high speed production while
they can still maintain the high accuracy (K.J.Susnjara, 1999). This improvement reduces
the production time and therefore, increases the productivity. As shown in a video, the
current CNC routers can finish a series of cutting on one 4’by 8’ plywood sheet within
five minutes (CNC Lobo Machinery Series I using AutoCabinets Software, 2011).
Also, compare to the conventional production, the use of CNC routers reduces the
machine setup time significantly. For conventional production, different machines require
different setups according to the cutting application and size of the parts. Whenever one
parameter is changed, the machines need to be readjusted, so it is impossible to achieve
continuous process. However, the CNC routers enable non-stop process, so it boosts the
productivity to a higher level. Once the CNC operator correctly loads the program, the
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machine will automatically do all the jobs including cutting, drilling and tool changing,
so it eliminates the time for machine setup and speeds up the production.
2.1.3Other Advantages
Apart from the benefits that mentioned above, CNC routers also reduce the complexity of
operation because for the CNC operators, their job only involves loading the codes and
pressing the start and stop buttons. The job is so simple that everyone can do it, so it
brings another benefit to the companies, which is the elimination of the labour constraint
for companies’ expansion. This is true because the research of Natural Resource Canada
found that skilled and experienced labours are the top one constraint that limits the
expansion of companies. Therefore, obtaining CNC routers facilitates the future
development of the companies. Moreover, one key to success of cabinetry companies is
the diversity of products. CNC routers can easily cut various shaped parts, so it increases
the flexibility of designs and also enhances the competitive strength of the companies.
2.2 Disadvantages
High cost is considered as major disadvantage of the CNC routers. If a company already
has the conventional operating system, it will cost nothing for them to stick to the current
production line. However, it will cost $25,000 to $ 60,000 if they want to purchase a
medium level CNC router; and $60,000 to $100,000 has to be spent to obtain a high
quality CNC router (CNC Router Prices).
On the other hand, the CNC center can cut down the expanses of labours and raw
materials for long-term because it requires fewer workers with minimum wage. For
example, the required machineries for the conventional production line of the operation
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are panel saw, shaper and driller. First, the panels are cut into target sizes according to the
design. And then, they can be transferred to either groove cutting or drilling station to
make the grooves and drill holes. Finally, switch over the above operations to finish up
the break-down process. As we can see, at least one operator for each machine is needed
for one shift production, so three or more workers in total are necessary because the inprocess components handling requires more labours. However, the CNC production line
only needs one minimum paid machine operator because the special skills are not
required. Most people can qualify the position and it is easily trained. The results from
Natural Resource Canada’s research found that more than 70% of the total operating
costs are from the labours and materials (Brad Stennes and Bill Wilson, 2008).Thus, it is
hard to tell the actual cost and saving for the CNC routers. It really depends on the
companies’ demand and long- term strategies.
Other disadvantages like education and training of the code programmers are also true.
The codes are the key part for the operation of CNC machines because it decides the final
quality of the products largely. Therefore, the CNC programmers have to accomplish a
certain level of education, so that the training can be carried out successfully.

3.0 Case study of Nickels Cabinets—Company Profile
Nickels Cabinets is a medium sized Canadian cabinet manufacturer that is located in
Richmond, British Columbia with a group of experienced employees. The company was
established in 1970 and mainly aimed to produce high quality cabinets and provide
superior installation and after-sale services. As a Canadian west- coast-based cabinetry
company, Nickels Cabinets are mainly targeting the local markets and United States as
8

well. The company is running in the form of batch production which allows it to have
more flexibility over the product customization, so that they can satisfy various
customers with different cultures. Also, the just-in-time manufacturing effectively lowers
the inventory level, so the cost can be reduced as well (Nickels Cabinets, 2011).

The whole production process of Nickels Cabinets consists of five steps: raw material
storage, panel cutting, finishing, assembly and packaging department. The only raw
material they use is 4’ by 8’ plywood panels. As raw materials entered, they are firstly
stored on the storage shelves, and then broken down to different parts. If finishing is
required, the parts will be sanded and sent to the finishing department. Otherwise, the
machined pieces will be directly shipped to the assembly department. The company has
strict quality control standards for all the production processes from raw materials to
final products because quality control is one of the most important steps that ensure all
the final products to satisfy a certain standard. The quicker the mistakes were identified,
the more money the company could save because any unqualified products that are
shipped to customers could create a great loss for the company including both money
loss and reputation loss. Therefore, prior to wrapping, every product has to go through
final checking process to ensure the quality of the final product so that the chance of
having unqualified products that are shipped to customers can be minimized (Federau,
2011).

As the production manager, Ted Federau, introduced, the CNC router that Nickels
Cabinets purchased its first CNC router in 1992 to adopt the fast growing demand and
improve the quality of the products. The machine they bought was from Biesse and the
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main application of the machine is nested cutting. He addressed some benefits of the
CNC router in the practical way. For example, the CNC router improves the productivity,
increases the efficiency and reduces the defects of the products. Compare to the past
operation line, the most obvious advantage that he thought is the drilling process. Many
defect pieces were happened in the previous hand drilling operation, but the utilization of
the CNC router considerably lower the number of defect pieces. At the same time, it
accelerates the drilling process and the accuracy of the drilling process was improved
significantly (Federau, 2011).

4.0 Example Machine
Biesse is an Italian engineering machinery manufacturer which commits to provide
advanced machineries with superior quality for various types of manufacturers to
achieve a more productive and efficient production process. Through the great efforts for
over 40 years, the company made considerable progresses in products innovations and
also won the global reputation as a reliable supplier. Skill 300 is one powerful CNC
machine center that is produced by Biesse, and it is mainly designed for nested panel
cutting, so it is ideal for small or medium sized cabinet manufacturing applications. This
machine is user- friendly since it uses Windows-based control system that most people
are familiar with. The maximum rotation speed of the high-speed spindles is 6000rpm;
and the maximum rotation speed of the electro-spindle is four times faster than the
previous one (Biesse Wood Division). The outstanding high rotation speed of the spindle
is not only increasing the production rate, but it also improves the product quality
because it can create a smoother surface. According to the price offered by TNG
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Machinery, a brand new Biesse Skill 300 CNC machine center is pricing at $98,500
(tools included) (TNG Machinery New Used Listing –Winter, 2009).

Figure 2. Biesse CNC router
Source: http://woodworkingnetwork.com/Skill-300-CNC-Machining-Center/Product.aspx?pid=_2010-02-09-12-2446

5.0 Cost Analysis

Cost is one important factor for the companies to consider when they are deciding
whether or not to invest in the automatic systems. The costs mentioned here are the total
processing costs including machine, labour, tooling, maintenance, electricity, and other
overhead costs. In this part I will take Nickels Cabinets Company as an example to show
the cost of investing the automatic operation system if they want to purchase it now.
Based on the revenue and cost, I can calculate the break-even point and do the net present
value analysis so that the investor can have a better idea.
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As Ted Federau, production manager of Nickels Cabinet, introduced, the economic
recession affected their business significantly because the demand reduced a lot.
Previously, the revenue of the company could reach almost $10 million per year.
However, during recent years, production slowed down, so their average revenue dropped
to about $5.8 million per year and their annual demand is about 9920 boxes (Federau,
2011).
The only material they used to produce the cabinet boxes is 4’ by 8’ plywood panels.
Based on their rule of thumb, each plywood sheet can make one box, and the panel they
purchased is about 18 dollars per sheet. Therefore, according to an annual demand of
9920 boxes, the total material cost is $178560 per year (Federau, 2011).
To calculate the annual loan payment, a 6% interest rate is assumed based on the 10 years
payment period. The initial investment can be obtained by adding the machine cost,
training cost and software cost. Training cost is hard to accurately estimate because the
training time largely depends on the education level of the operators. For some people,
they can learn the skills in a few days, but for other people, they may need a few months
to acquire the knowledge. Therefore, in this analysis, a ten-day based training of two
operators with a rate of $300 per day per person is assumed. The total estimated training
cost is $6000. The software cost is about $4500 (Price of Software, 2011) and the
machine cost, as mentioned above, is $98,500, so, by using Excel Financial Function, we
can get an annual loan payment amount of $14,809.61. The table below shows the
calculation of the annual loan payment.
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Table 1. Annual loan payment
Initial
Investment

Interest
Rate

Service Life

Annual
Payment

$109,000.00

$0.06

$10.00

$14,809.61

Insurance of the equipment is another cost that should be considered. In this case, a 2% of
the equipment cost is assumed as the annual insurance expense of the initial investment,
so the annual insurance cost will be $1970
The total working days of the company are 248 days per year, and they work eight hours
per day, so the total paid hour is 1984 hours per year (Federau, 2011). The rates of the
salary for workers in different positions are different. To calculate the total labour costs,
one programmer and one machine operator are needed and their salaries are shown in
table 2.
Table 2. Calculation of total labour costs

Position

Hours/year

$/hour

Salary($)

Programmer

1984

20

39680

Machine Operator

1984

10

19840

Total

59520
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Electricity expense is calculated based on the power consumption requirement of the
machine. In this case, the CNC router spindles require 15KW to reach the optimum
running speed ( Homag, 2011).The total energy consumption is 29760KWh per year.
According to the electricity rates for medium general service obtained from BC Hydro, a
list of charges is shown in Table 3. Therefore, the total cost of the electricity is $1847.24
per year (BC Hydro, 2011).
Table 3. Cost of electricity
Basic charges/day($)

0.1716

Energy charge/KWh($)-first
14800KWh

0.081

Energy charge/KWh($)additional KWh

0.0405

Maintenance cost is estimated at 1% of initial investment for the first year, and it will
increase 5% for the following years because as the equipment gets older and older, more
parts need to be replaced and more time will be spent on the maintenance process. Table
4 illustrates the detailed maintenance cost over the service life.
Table 4. Maintenance costs

Year

1

2

3

4

5

6

7

8

9

10

NPV

Cost($) 985 1034 1086 1140 1197 1257 1320 1386 1455 1528 $8,907.72
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The salvage value is calculated by declining balance method. The depreciation rate is
estimated at 30%, so based on a 10-year service life period, the salvage value at the end
of the tenth year will be $6895.
Table 5 illustrates the summarized costs of operating a CNC router for a ten years period.
The annual expenses include the material costs and machine operate salary; annual O&M
expenses consist of insurance cost, maintenance cost, electricity cost, overhead costs,
training cost, salary of the CNC programmer and depreciation cost. By using the present
worth calculation method, a total of $1,896,820.5 cost over the ten-year period is
obtained.
Table 5. Present worth of the total cost

Initial
Investment ($)

Annual
expenses($)

Annual Loan
payment($)

Annual O&M
Expenses($)

Present
Worth(PW)

109,000

198,200

14,810

54,558

$1,896,820.5

Compare to the conventional production line, the annual savings of CNC machine center
are from the savings of labour and materials. The labour saving is from two sources. First,
CNC machines save two skilled machine operators; and it also reduces the manufacturing
time, so the actual labour cost is lowered by this two ways. The total labour savings that
was provided by Ted is about $55,000 per year under current production demand of
Nickels Cabinets (Federau, 2011).The material saving can be estimated at 20% of the
total consumption which will be $35,712 per year. Therefore, at the demand of 9920
boxes per year, the manufacturer can save $9.14 per unit box. Using the same way as
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before, a present worth can be calculated with the annual saving. As we can see the total
cost is reduced to $1,229,172.2.
Table 6. Present worth with saving

Initial Investment ($)

Annual
expenses($)

$109,000.00

$198,200.00

Annual
Annual
Loan
O&M
payment($) Expenses($)
14809.61
54,558

Annual
Saving($)

Present
Worth(PW)

$90,712.00 $1,229,172.23

6.0 Conclusion
As shown in the economic analysis, CNC machines can save the total costs in the way of
reducing the number of employees, reducing the time of manufacturing process and
lowering the material consumption, so, for the manufacturers as the same size as Nickels
Cabinets, it is beneficial to invest in CNC routers.
As the competition of the cabinetry industry becomes more and more intense, improving
the quality and cutting down the cost of production are essential, so shifting to the more
automatic manufacturing way seems increasingly important. Nickels Cabinets is one of
the companies that successfully adopt this new technology. The use of CNC machines not
only helps Nickels Cabinets reduce the labour costs and amount of material consumed
each year, but it also improves the product quality. In fact, reducing the rate of defect
pieces is another way to lower the cost of the manufacturing. Therefore, having more
efficient and accurate production lines enhances the competitive strength of the
companies.
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Although many cabinet companies in Lower Mainland have realized the importance of
the change of production methods, for positive results have been shown by many real life
examples, some companies are still struggling of maintaining the old traditions.
Implementing new technologies is a must to survive in the competitions because it allows
more competitive marketing strategies to be carried out. For cabinet companies,
increasing the flexibility, improve the product quality, lower the cost and reducing the
manufacturing lead time are key success factors. (Sowlati, 2009) CNC machine centers
enable more complex shaped components to be produced within a short time period, so
manufacturers will have ability to design more differentiated products.
Taking into account all the benefits that the CNC machines will bring, the investment is
worthwhile. Although the costs of the machines are relatively high, the companies have
to also consider the savings that are generated by the CNC routers. When the companies
are purchasing the machines, a reliable supplier is critical because the performance of the
machine affects the products quality to a large extent. Also, reliable suppliers usually
have experienced engineers who can provide critical technical supports to the
manufacturers, so that it ensures a smooth operation for the manufacturers.
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Appendix
Appendix 1. Cost and savings
Fixed Costs
Insurance
Overhead - Maintenance
Overhead - Utility
Office Staff Salary
Loan payment
Depreciation

1,970
1,210
1,847
39,680
8,588
9,850

Variable Cost
Material Cost
Operation Staff Salary

178,560
19,640

Total Cost per year

261,345

Total Savings per Year

90,712

Appendix 2. Net cash flow and present worth without saving

Yea
r

Insura
nce ($)

Maintenance($
)

1

1970

985

2

1970

1034.25

3

1970

1085.96

4

1970

1140.26

5

1970

1197.27

6

1970

1257.14

7

1970

1319.99

8

1970

1385.99

Utility
($)
1847.2
4
1847.2
4
1847.2
4
1847.2
4
1847.2
4
1847.2
4
1847.2
4
1847.2

Offic
e
Staff
Salar
y($)
3968
0
3968
0
3968
0
3968
0
3968
0
3968
0
3968
0
3968

Annual
Loan
Payme
nt($)

Material
Cost($)

Opera
tion
Staff
Salary
($)

8587.68

178560

19640

251270

8587.68

178560

19640

251319

8587.68

178560

19640

251371

8587.68

178560

19640

251425

8587.68

178560

19640

251482

8587.68

178560

19640

251542

8587.68

178560

19640

251605

8587.68

178560

19640

251671

Salva
ge
Value
($)

Net
Cash
Flow($)

20

9

1970

1455.29

10

1970

1528.06

PW

4
1847.2
4
1847.2
4

0
3968
0
3968
0

8587.68

178560

19640

8587.68

178560

19640

251740
6895

244918

$1851026.51

Appendix 3. Net cash flow and present worth with saving
Office
Staff
Salary

Annual
Loan
Payment

Material
Cost

$1,847

$39,680

$14,810

$178,560

$1,034
$1,086
$1,140
$1,197
$1,257
$1,320

$1,847
$1,847
$1,847
$1,847
$1,847
$1,847

$39,680
$39,680
$39,680
$39,680
$39,680
$39,680

$14,810
$14,810
$14,810
$14,810
$14,810
$14,810

$1,386
$1,455
$1,528

$1,847
$1,847
$1,847

$39,680
$39,680
$39,680

$14,810
$14,810
$14,810

Insurance

Overhead Maintenance

Overhead
- Utility

1

$1,970

$985

2
3
4
5
6
7

$1,970
$1,970
$1,970
$1,970
$1,970
$1,970

8
9
10

$1,970
$1,970
$1,970

Year

PW

Operation
Staff
Salary

Salvage
Value

Annual
Saving

Net Cash
Flow

$19,640

$90,712

$166,780

$178,560
$178,560
$178,560
$178,560
$178,560
$178,560

$19,640
$19,640
$19,640
$19,640
$19,640
$19,640

$90,712
$90,712
$90,712
$90,712
$90,712
$90,712

$166,780
$166,780
$166,780
$166,780
$166,780
$166,780

$178,560
$178,560
$178,560

$19,640
$19,640
$19,640

$90,712
$90,712
$90,712

$166,780
$166,780
$166,780

$6,895

$1,229,172.2
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