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Summary 
 

This is a bachelor degree project which was provided by company Eventus Design AB in Sweden. 

This project is regarding to optimize a computer cabinet which is not suitable to current 

computer components to make more profit for this company according to reduce the 

manufacturing cost. After discussed with the company, the final decision was made to reduce the 

depth of the cabinet and the thickness of the plates of the cabinet and the thickness of the 

shelves. 

 

A numerous researches were done as well as several reference books were used in order to 

complete this project.  

 

There are 9 steps in this project and each step has an interaction with each other. The detail of 

this project will be presented below. 

 

The first step is to define the problem of this project, it is the beginning of the whole project. 

The time schedule was done in a Gantt chart and the plan was done with a process chart after 

defining the problem. The voice of the customer was gathered from the company and it guided 

the design orientation. The functional requirements were defined after the voice of customer. 

The conceptual design was almost conducted with the help of the information that gathered 

from other companies, there were six concepts that were made and finally two concepts were 

selected for the stand cabinet and the table or wall cabinet respectively. Embodiment design 

includes getting the new dimensions for the cabinet and calculating the manufacturing cost and 

compared it to the original one. An analytical prototype was made after embodiment design and 

the cabinet with the new dimensions was checked to see if it is valid.  

 

The depth of the optimized cabinet was reduced from 590mm to 300mm, the thickness of plates 

were reduced from 1.5mm to 1mm and the thickness of the shelves were reduced from 3mm to 

2mm. The new cabinet was checked if it would fall down when the door opening with 90º by 

calculating, and the result showed that it would keep stable. The shelves were also checked by 

simulation to see if it would break with the new dimensions when putting the 24 inches monitor 

on, and the illustrated that it would not break. 

 

To make sure the cabinet is safe for users, two methods were provided to guarantee the security: 

one method was that two feet were fixed on the base of the cabinet on the left side and front side 

to avoid it falling down from left or front side. Another method was make a drawer support for 

the cabinet to increase the bottom area of the cabinet to make it more stable. These two methods 

were as options to the company. 

 

There was one concept that was selected of the small-size cabinet as a recommendation for the 

company which they can consider of in the future to improve their product, however, it was not 

included in this project since the company only considered about optimizing the stand cabinet at 

this time. 
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Abstract 
 

This degree project was given by company Eventus Design AB. This project is related to 

optimizing a computer cabinet that produced by this company. It is unnecessary big for current 

computer monitor so the company desired to reduce the size to make more profit. 

 

This project begins with defining the problem and the planning of the whole project. After that, 

the functional requirements were defined to make the product function clearer. The conceptual 

design was made after that and the finally concept was selected. The embodiment design was 

based on the requirements from the company and the manufacturing cost was calculated in this 

step. An analytical prototyping was made to show the optimized product and finally the design 

was verified, as well. 

 

Keywords: computer cabinet, optimization, manufacturing cost, analytical prototyping, 

verification 
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1. Introduction  
 
This chapter is an overall view of  the whole project. It includes background, problem 
formulation purpose and objectives and limitations of  the project. 
 

1.1 Background 
 

Nowadays, most companies which are in industrial environments select the computer cabinets 

(enclosures) to protect their computers from dust, water, temper, etc. The computer cabinets can 

not only store the computers but also allow the users to operate their computers. There are 

different types of the cabinets in current market. The stand cabinets were used as most common 

ones few years ago, however, for nowadays, people prefer table cabinets and wall-hanging 

cabinets since they are cheaper and more convenient for using. 

 

Figure 1.1 below shows the stand computer cabinet nowadays and figure 1.2 shows the table 

computer cabinet and figure 1.3 shows the wall-hanging computer cabinet.   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Eventus Design AB is a part of company Eventus Swedish Design and Production AB which is a 

company who produces computer cabinets. It was set up in 2008 by Anders and Madeleine 

Petersson in Emmaboda. It has both manufacturing factory and sales office. This company 

makes the products that are related to computers such as computer stands and computer cabinets 

and it also includes an extensive range of sheet metal work and contract manufacturing, these 

include laser and punching machine. 
 

Eventus Design AB delivers an average of 350 computer cabinets every year. The customers are 

in any industries, from clinically clean laboratory environments to industries with a high incidence 

of dust or oil mist. Most of the products for the industrial environment are IP-rated ensuring 

tightness against, for example, airborne contaminants and moisture. The products also provide 

good protection against theft and sabotage and the products for public spaces offer a unique 

combination of ease of use and design. 

Figure 1.1 Stand computer 

cabinet 

Figure 1.2 Table computer 

cabinet 

Figure 1.3 Wall-hanging 

computer cabinet 

http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.dustfreepc.com/index.php/products/computer_workstation_enclosures&ei=zYhDVby9DMmsswG80oHYAQ&bvm=bv.92189499,d.bGg&psig=AFQjCNGlvghckkZhidxhZIvrO9UpSK8HlQ&ust=1430575627114619
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.directindustry.com/prod/armagard/workstation-enclosures-industrial-9095-23689.html&ei=H4lDVdK1CIKSsgHz_YGgAQ&bvm=bv.92189499,d.bGg&psig=AFQjCNGlvghckkZhidxhZIvrO9UpSK8HlQ&ust=1430575627114619
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.pcguard.co.uk/cabinets-IP65-waterproof/pc-enclosure.html&ei=H4lDVdK1CIKSsgHz_YGgAQ&bvm=bv.92189499,d.bGg&psig=AFQjCNGlvghckkZhidxhZIvrO9UpSK8HlQ&ust=1430575627114619
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This project is the final project for the mechanical engineering bachelor at Linnaeus University. It 

is a project that aims to reduce the manufacturing cost for the computer cabinets by reducing the 

size and thickness of the computer cabinets from the Eventus Design AB since the computer 

monitor now days become smaller and thinner. 

 

 

1.2 Problem formulating 
 

As the computer monitor and CPU became smaller, the original computer cabinet seems 

unnecessary big for storing them. Excessively big cabinet cost more on material and 

manufacturing process and it led to exorbitant selling price for the customers.  The case company 

began to think about to reduce the selling price to attract more customers and to make their 

product more competitive. These situations lead to the problem formulation as follow: “How to 

reduce the manufacturing cost for the computer cabinets?” and this problem also result to some 

sub-problems, “What should be done to reduce the manufacturing cost?” and “Is the new 

cabinet fit the current monitor and CPU better than the original one?” 

 

 

1.3 Purpose and objectives 
 

The purpose of this project is to reduce the manufacturing cost of the computer cabinets for the 

case company to make more profit of the computer cabinets. 

 The objectives of this project are shown as follow: 

1. Optimize the computer cabinets 

2. Make an analytical prototyping to show the optimized computer cabinets 

3. Calculate or make simulation for the optimized cabinet for checking the stability 

4. Make sure the optimized cabinet is safe 

 

 

1.4 Limitations 
 
There are several limitations included in this project to guarantee the project can be completed in 
time. This project began from February and should be finished at the beginning of  June. It is a 
project which is about optimizing an existing computer cabinet for the case company. 
 
For this project, to create new functions for the cabinet will not be taken many considerations, 
the way of  manufacturing and the material of  the original cabinet will not be changed. The 
designers will focus on finding methods to reduce the manufacturing cost. After designing, an 
analytical prototyping will be carried out to show the optimized product and it will be test with 
some simple calculations and simulation in Solidworks. 
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2. Theory 
 

2.1 Develop the process 
 

It is important to define the process prior to the design beginning. The process will lead to the 

whole design direction and will make each step clear to the designers. There are several models 

for developing a process:   

 

Descriptive model of a design process focus on finding a solution concept of design thinking. 

For this model, the designer uses previous experience or general guidelines to optimize the 

original product, but this type of design process cannot absolutely guarantee the success of the 

design. Normally, this model fits to the design which aim to optimize the product according to 

the exploration that the designer did of the ill-defined problem space. French (1985) has 

developed a detailed design process which included following steps: analysis of problem, 

conceptual design, select schemes, embodiment of schemes detailing and working drawings.  

 

Prescriptive model of a design process offers an algorithmic and systematic procedure to go with. 

For this model, it is important to fully understand the design problem and do not neglect any 

important factors. As defined in a systematic methodology by Jones (1984), there are three design 

processes in a basic structure: analysis, synthesis and evaluation. Analysis is to find out the design 

requirements and their related performance formats. Synthesis is to seek solutions for different 

performance formats and make up complete designs. Evaluation is to assess the accurateness of 

the designs which satisfy the performance requirements of operation, manufacture and sales 

before select final design.  

 

Another prescriptive model which was offered by Pahl and Beitz (1984) is more comprehensive 

and still clear to be followed. Four main stages are included in this model: Clarification of the 

task which is to do some empirical findings to collect information to fulfill the requirements. 

Conceptual design is to set up function structures and find different solutions for each function 

and combine them into concept variants. Embodiment design is the following step after selecting 

the best concept from the conceptual design part, this stage requires the designer determines the 

distribution and forms and develops a technical product or system together with concerns about 

the technical and economy factors. Detail design is to conduct with every individual part of 

arrangement, form dimensions and surface properties. Figure 2.1 below shows Pahl and Beitz’s 

model of design process, this figure is original from book Engineering Design Methods Strategies for 

Product Design written by John Wiley& Sons, Ltd. [9] 

 

The process chart below illustrates Pahl and Beitz model which will guide this project. This 

model described the similar situation to this project which is an optimized project that needs to 

consider about the technical and economy factors most in Embodiment design part. 
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Figure 2.1 Pahl and Beitz model (Adapted from John Wiley& Sons, LTD, 2000, “Engineering Design 

Methods Strategies for Product Design”, Nigel Cross) 

Task 

Clarify the task 

Elaborate the specification 

Specification  

Identify special problems 

Establish function structure 

Search for solution priciples 

Combine and firm up into concept varians  

Evaluate against teachnical and economic cariteria 

Concept 

Develop preliminary layouts and form 

designs 

Select best preliminary layouts 

Refine and evaluate against technical and 

economic cariteria 

Preliminary layout 

Optimize and comlete form designs 

Check for errors and cost effectiveness 

Prepare the preliminary parts list and production 

documents 

Definitive layout 

Finalize details 

Complete detail drawings and product 

documents 

Check all documents 

Documentation 

Solution  
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The process chart above showed how the project will be proceded. These processes will be 

completed in details in following steps. 

 

 

Verification

Verify the requirements Security

Prototyping

Embodiment re-design

Identify the subsystems Define the subsystems Design for manufacturing

Select the concept
Preparing for concept 

screening matrix
Weighting the attributes Scoring the concepts Selecting the concept

Conceptual design
Establish the 

function

Break a fuction 
down into  sub 

functions
Brainstorming

Organise the 
concept 

fragments

Combine the 
concepts 

fragments

Generate 
intefrated 
concepts

Family design
Identify 

subsystems

Define the functional requirements

Collect use cases Prioritize use cases
Describe use cases 

behaviour
Repeat for 

secondary use cases

Summarize 
functional 

requirements

Voice of the customer

Plan the project

Time planning Plan the project process

Define the problem 

Select the project Sketch the priliminary concept Write the mission statement
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2.2 Define the problem 
 
It’s necessary to define the problem before starting a project. To define the problem, the project 
will be named firstly, and the situation of  the problem will be understood clearly and the problem 
will be viewed from different perspectives. Defining the problem before starting a project helps 
the designer understand the problem of  the project easily and it also reduce the 
misunderstandings between individuals. [2] 
 
The problem of  this project will be defined later to illustrate why the problem appeared and how 
the problem appeared and what is the exact problem of  this project. 
 
 

2.2.1 Select the project 

 
A design project begins with an idea. This idea can be related to a problem or it can be a solution 
for the problem. To begin with a problem, the design process will be finding a way to solve this 
problem. To begin with a solution, the design process will need the designers to make sure the 
specific problem that they are going to solve. Before designing the project, it is necessary to name 
the project after selecting it. [2] 
 
Since the project was already selected by the company and they have provided the requirements 
for the design group, so the group will conduct the project that the company selected. 
 
 

2.2.2 Sketch the preliminary concept 

 
Beginning with sketching the concept makes the ideas visible. Sometimes the designers can come 
up with new ideas to the design after seeing the pictures of  the original ideas. So it is necessary to 
convey the ideas to a simple sketch. [2] 
 
For this project, the preliminary concept will be shown first according to the current computer 
cabinets that were produced in the case company to make the design visible for the readers. 
  

2.2.3 Write the mission statement 

 
For this project, the mission statement will include the information as shown below. 
 

1. Product statement: It is a short description of  the main function of  the product which is 
related to this project. 

2. Benefit proposition: This is an illustration of  the reason that customer will buy this 
product. 

3. Key business goals:  This is the goals of  this project on time and the cost of  the project. 
4. Assumptions and constrains that guide the development effort: This part will show the 

boundary of  the design, it’s helpful for the design group to manage the whole project 
during design process.  

5. Product objectives: The product objectives are come from the voice of  the customer. [1] 
 

 

2.2.4 Time schedule  

 

A Gantt chart will be shown in Appendix I to display the main activities for this project.   

 

Gantt chart is invented by Henry Laurence Gantt (1861-1919) which used to divide several 

activities that have to be done in a project. A Gantt chart consist of numerous of horizontal bars, 

each of the horizontal bar correspond to a specific activity. The horizontal axis stands for time, 
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therefore, start, duration and the end can be shown with a bar. The name of the activities can be 

added on the left of the Gantt chart to correspond the time duration. [12]  

 
 

2.3 Voice of customer 
 

In this step, the voice of customer will be used to make the design mission more clearly. The 

customer needs lead the orientation of the design, and the final decision will be made according 

to the customer needs. [3] 

 

The voice of customer was gathered from the case company. Since the computer cabinet is an 

existing product, the feedback was gathered by the case company and they have collected it for 

improving their product. These comments from the customers illustrated what customers’ value 

and can be summarized into the project objectives from the customer’s perspective. 

 

2.4 Define the functional requirements 
 

Defining the functional requirements includes five sections, which are collecting use cases, 

prioritizing use cases, describing use cases behavior, summarizing customer requirements and 

repeating secondary use cases. The use cases are got after the discussion between designers and 

case company. Collecting use cases is aim to list a set of basic functional requirements of the 

system by using the format “shall”, and classify them as high level design decision, medium level 

design decision or low level design decision according to specifying the system. Every 

requirement shall be taken seriously for not missing one vital requirement. For sorting the 

requirements out, “dive and surface” approach is recommended under the circumstance that no 

experience is taken into consideration. And all the high level requirements shall be expanded into 

system behaviors. [2] 

 

 

2.4.1 Collect use cases 

 

Use cases normally illustrate the situation that the users will perform with the product. [2] 

 

The use cases are collected from users’ side. These cases listed which are the most common 

when the users use the cabinet. 

 

 

2.4.2 Prioritize use cases 

 

Prioritizing the use cases will be done after collecting the use cases. The use cases will be 

distributed into three levels according to their importance. High level rates the most important 

use cases and the high-level (H) use cases behaviors will be described in next step. Medium level 

(M) and low level (L) rates the other two types of use cases. In this project, the behaviors of 

medium level and low level will not be described. [2] 

 

2.4.3 Describe use cases behavior 

 

After collecting the use cases, describing use cases behavior will be done in this step. The aim of 

this step is to know what the system shall do in every use case. The things which shall be done by 

the system are called “functional requirements”. After that these functional requirements should 

be summarized and originated by using abstract name. 
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2.4.4 Repeat for secondary use cases 

 

The secondary use cases don’t occur naturally. The design group need consider about the safety 

and reliability of the product. After thinking of this kind of cases the design group should repeat 

the same process which has been done for the primary use cases. [2] 

 

2.4.5 Summarize customer requirements 

 

After collecting both of primary and secondary use cases and describing use cases behavior the 

design group should collect the originating requirements which are written from the side of 

product in behavior description. The design group can summarize each requirement by using the 

abstract function name. [2] 

 

 

2.5 Conceptual Design 
 

Conceptual design is a step which makes the principle solutions specific. There are many steps 

for the conceptual design: abstraction, setting up function structures, searching for previous 

experience and combining these steps a working structure. The conceptual phase came from a 

decision, the aim of the decision is to answer the questions below: 

1. Is the task clear enough to develop the solution of according to the design? 

2. Is the conceptual explanation necessary or the current solutions can directly make contribute 

to detail the design phase? 

3. What the extend will the design go systematically?[4] 

 

The steps in the chart below will be included in this project. 

 
Figure 2.5 Process of conceptual design 

 

2.5.1 Establish the function 

 
In this step it’s necessary to get clear the functional requirements because sometimes the 
objectives are vague at the beginning. Only when the requirements are set, the real problem can 
be designed. This problem must be solved in a way that satisfies all the requirements. The 
functions should be established after clarifying the requirements. This means the functionality 
needs to be analyzed into greater detail. And it is also important to focus on the development 
effort to the area with innovation and meeting customer requirements, because of the time limit 
of exploration and innovation. [4] 

 

2.5.2 Break a function down into sub-functions  

 
At the beginning, the project the function of the product is not clear and specific enough. It will 
be difficult to the designers to continue the work. There is a method used which is called 
development and use of function block diagrams which will be used to solve this problem. 
In this project it is hard to figure out the energy and material flow because the computer cabinet 
is not a product which is like a coffee machine which is a product that can be defined like making 
something into something or detecting something. The function of the computer cabinet is static. 

Establish the 
function

Functional 
decomposition

Brainstorm 
Organize the 

concept 
fragments

Combine the 
concepts 

fragments

Generate 
integrated 
concpets 

Identify the 
subsystems
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Basic Function

Secondary 
Function 1

Secondary 
Function 2

Secondary 
Function 3

So depending on this specific situation, this method of function decomposition will not be used 
for this product. 
Here another method will be used which is mentioned above. The designer should be able to 
describe the overall function, expand it into required sub-functions, and map the sub-functions 
into components capable of fulfilling them. These components apply to later stage of task 
clarification and the early stages of conceptual design. [5] 
 

 
Figure 2.5.2 The general form of a function logic diagram Source: Adapted from Sturges et al. (1996) 

2.5.3 Brainstorming 

 
After the function is decomposed into lower order functions, it is time to brainstorm the 
functional elements. It is a preparation for the following work. Because only after the functional 
elements of each sub function being listed can the concept be explored by combining these 
elements. In this stage discovering the ideas will be started with, which means a creative solution 
for each function. The ideas carried out maybe not realistic, in this step it’s better to broaden the 
mind. [1] 

 
Brainstorming is a useful tool to find results. To get better ideas of solutions for the problem, 
there are seven ways to innovate brainstorms, which are creating a blueprint, inviting diversity, 
stocking the pond before fishing, establishing rules, managing thinking direction, challenging 
limiting assumptions and establishing criteria as the yardstick. While what should be done 
concretely is to determine a clear goal for the problem, and to the right direction, every idea that 
is relevant to the problem should be considered for quantity not quality. One very important 
thing is that the mind should never be jammed and be fresh. [6] 

Components 
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The concepts can come from both of external and internal sources. External sources mean that 
the idea is learnt from website, other companies or other methods. Internal means the concept 
fragments are thought of by selves. It could be a new design which has been never seen before. 
These ideas will probably also widen the vision of the company guy. 
 

2.5.4 Organize the concept fragments 

 

After the functional elements being discovered, they need to be checked with the functional 

requirements which are listed at beginning. In this step the useless fragments can be pruned and 

the missing elements can be added. Each sub function contains many fragments. They can be 

organized into the form of table. [2] 

 

2.5.5 Combine the concept fragments 

 

In this step what should be done is to combine the functional elements which are listed before. 

Each concept contains almost all the sub functions. The functional elements will be picked from 

each sub function and combined together to be a concept. So this step is prepared to the next 

step. [2] 

 

Morphological chart will be used in this process. It is a scientific model to combine each concept 

fragments. Morphology is concerned with the structure and organization of parts of object, and 

how these parts can be combined to a whole or Gestalt. In morphological chart, the main 

problems were firstly identified in the first row of different column. The variables which 

represent the different solutions for the same problem were put in the same column in different 

rows. Each concept appears by combining each variable in different columns and make the 

fragments as a whole. [7] [8] 

 

2.5.6 Generate integrated concepts 
 
After the combination of the concept fragments, the design group began considering the strong 
points and short points of the concepts and made the final decision of our product. There are the 
sketches below to show our concepts in a clear way and then compare them one by one. [2] 
 

2.5.7 Family design 

 
Current market environment is consisted by different customer tastes and preferences, the fast 
developments of technology. To satisfy this new type of demand production companies are faced 
with huge challenges. In reaction to the new market environment, the product families have been 
developed to increase variety, reduce costs, and shorten manufacturing time. 
 

In this project, the case company also is faced with this problem. In nowadays market 

environment only the big, floor version cannot satisfy the tastes and preference of customers. 

Some customers don’t have much place to put a big cabinet. Some customer wants a cheap 

cabinet. Some customers don’t need use big monitor and CPU. Basing on these new 

requirements, the company decided to develop new products. Then the small version such as 

mounting version and wall version appeared. [10] 
 

 

2.6 Select the concept 
 

Concept selection is an integral part of the product development process. It is the process of 

evaluating concepts with respect to customer needs and other criteria comparing the relative 

strengths and weaknesses of the concepts and selecting one or more concepts for further 

investigation testing or development.  
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There are two main methodologies used here. They are concept screening and concept scoring. 

Each of them has the same steps which are preparing the selection matrix, rating the concepts, 

ranking the concepts, combining and improving the concepts, selecting one or more concepts 

and reflecting on the results and the process. 

But in the specific case the steps can be pruned and refine because something has been done in 

before chapter. So it is unnecessary to repeat them. The design group need conclude out their 

own steps according to their situation. 

 

Concept screening matrix, weighting the attributes, scoring the concepts and selecting the 

concept will be illustrated below. [1] 

 

2.6.1 Preparing for concept screening matrix 

 

Concept screening is based on a method developed by the late Stuart Pugh in the 1980s and is 

often called Pugh concept selection (Pugh, 1990). The aim to do this is to narrow the number of 

concepts quickly and to improve the concepts. Performing the screening attributes is the first 

step of preparation for making the screening matrix. The selection criteria are listed in the first 

column of the matrix. And these criteria are concluded from the customer requirements. And 

these criteria later on will be weighed. The second step is putting the different concept on the 

first row of the matrix. Then it will be clear to compare each concept. [1] 

 

2.6.2 Weighting the attributes 

 

To rate the concepts, the design group find it is not clear enough to just mark “+”, “_” and “0”. 

Here the design group improved the method. The new system to weight each attribute of each 

concept is marking points which are from “1” to “5”. That means the more points the concept 

gets the better the concept is at this attribute. Besides rating each attribute the relative priority of 

each attribute also should be done. Sometimes one concept is good at one attribute but the 

attribute doesn't weigh a lot in all requirements from customer. Different relative priority is 

presented in the way of marking the percentage it takes. And all of these percentages add 

together equal 1. [1] 

 

2.6.3 Scoring the concepts 

 
After weighting the attributes of each concept on each attribute the design group can calculate 
out the total points each concept gets by multiplying the rate to the relative priority. The score is 
the standard to compare the concepts. Higher mark means the concept is more relative to the 
requirements. [1] 

 

2.6.4 Selecting the concept 

 
This step is to select the final decision. The concept with the highest mark will be chosen and 
further investigation and development to this concept will be made. In this project, both of big 
cabinet and small cabinet are taken into consideration in conceptual design. But from the side of 
company, they don’t want to make any change to the small version. So in this chapter, after the 
final decision of small version having been made, the concept will not be continued in next 
chapter. It is just giving the company a suggestion or option for the development of the product 
in the future. [1] 
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2.7 Embodiment design 
 

After selecting the concept, the embodiment design of the product will be done according to the 

concept that was selected before. In this process, the rules of clarity, simplicity and safety which 

are the three general objectives for design will be followed, they are: 

• Complement of the technical function 

• Economy feasibility 

• Individual and environment safety 

 

The first two steps will be done in this chapter and the safety issue will be checked in next 

chapter. 

 

2.7.1 Identify the subsystems 

 

A subsystem is a system that has its own definable function. Subsystems are defined after 

selecting the concept so that it will not limit the thinking about the problem by using the first 

concept. To identify the subsystem is an abstraction step before selecting the concept.  In the 

conceptual design step, a lot of concepts have been concerned in detail to fulfill the central 

function and in this step, all the components that defined before will be summarized.  

 

Firstly, a list of all functions and the components of the product will be shown in a table. After 

that, the components which are from different concepts that perform similar functions will be 

listed in the same column in the affinity group. Finally, all the columns will be named by a 

heading name which can define the subsystems. [2]  

 

2.7.2 Define the subsystems 

 

The subsystems that identified before will be defined in this step. Which subsystems will be 

optimized, which subsystems will be purchased and which subsystems will be used the same will 

be shown in this step. 

 

2.7.3 Design for manufacturing  

 
Manufacturing cost is a key factor of the economic success for a product. To achieve high quality 
as well as minimizing manufacturing cost, DFM (design for manufacturing) is a very useful 
method for successful design which is also economic to reduce manufacturing cost without 
sacrificing the quality.  
In this project the DFM will mainly contain two steps. They are estimating and reducing the 
manufacturing costs and reducing the costs of components. The estimation of the costs of 
assembly will not be included in this situation because the company said that the process of 
assembly will be totally the same. So there will be no reduction or a little reduction in this case. 
 
Estimate and reduce the manufacturing costs 
 
Manufacturing cost is the sum of all the inputs including raw materials, labor, purchased 
components, equipment, information, tooling, energy, supplies and services, and outputs 
including finished goods and waste. To estimate the manufacturing cost, the manufacturing 
system boundaries and product development activities should be known. The way of charging 
product for the use of different types of materials and the way of allocating costs in multiproduct 
manufacturing systems should be learned.  
 
In this project, the design group need ask the company to give them the manufacturing 
information of each component which is produced by the case company. The aim to do this is to 
get clear about the manufacturing time of each component. The manufacturing time includes the 
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different steps during the manufacturing such as laser cutting, pressing and welding. After this 
information known the design group need get clear about the cost of labor and machine per hour. 
Later on the time will be multiplied to the unit price then the cost of each component on 
manufacturing will be calculated.  Actually there are two kinds of components of a product. One 
is standard part, and the other one is custom part.  
 
The former one is purchased from supplies, and the later one is made from raw materials 
according to the design. The components which are bought from other companies will not be 
counted because these costs will not be changed.  
 
After the design group making changes to the components the manufacturing time will be 
different from before. The case group needs ask help of company to estimate how much 
percentage of time will be reduced because of the change.    
 
Reduce the costs of components 
 
In order to reduce the costs of components, the components could be optimized to eliminate 
processing steps. Some components may not deserve their original size, and some processes may 
not be necessary.  
 
In this project no process will be eliminated. Only thing should be considered is reducing the size 
of the components. Size means there is not only the depth of the cabinet but also the thickness 
of the plate. These two kinds of reduction will lead the reduction of massive. As the density will 
not change, the massive will change with the volume in the same rate. After the massive reduced, 
the cost will of course be reduced.  
 
As the requirement given by the company, there are some components will not be changed in 
size and some components are free. So the design group later on will make a list to recognize 
these components. [1] 

 

 

2.8 Prototyping 
 

Prototype is defined as an approximation of the product that is along the dimensions of interest, 

which includes concept sketches, mathematical models, simulations, test components and fully 

functional preproduction versions of the product. 

 

There are two types of prototypes according to dimensions, one is physical as opposed to 

analytical, the other one is comprehensive as opposed to focused. The former one is to build an 

approximate artifact for testing and experimentation. The latter one is to build a full-scale and 

fully operational version of the product for customers to identify. 

 

Prototypes are used for four purposes. First one is learning. Second one is communication with 

top management, vendors, partners, extended team members, customers and investors. Third 

one is integration that the components and sub systems of the product work as required. And 

Fourth one is milestones that the product is demonstrated to see whether it has achieved the final 

goals. Prototyping is aim to reduce the risk of costly iterations, expedite other development steps 

and restructure task dependencies. 

 

3D Solidworks modeling and analysis and free-form fabrication are two techniques to develop 

prototyping. 

For planning prototypes, there are four steps: 

Step1: Define the purpose of the prototype. 

Step2: Establish the level of approximation of the prototype. 
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Step3: Outline an experimental plan. 

Step4: Create a schedule for procurement, construction and testing. [3] 

 

Because analytical prototypes are generally more flexible than physical ones for this project, 3D 

analytical prototyping will be used in the application to show the detail dimensions of every part 

of the product by using software Solidworks according to the requirements from the case 

company. 

 

 

2.9 Verification 
 

Verification and validation is a step to check whether the design can fulfill the requirements and 

satisfy the customers’ needs. Verifying the design means to make the whole design success and 

validating the design is narrowed to each step of the design. [2] 

 

Verifying the requirements 

 

Verifying the requirements is to evaluate whether the design satisfied the expected features of the 

systems being built correctly. It is a necessary step for a design since to find out the problem of a 

design earlier can always save money and time. [11] 

 

To verify the requirements is to assess whether the product has been built in a right way. That 

means when the product was designed, the designer should guarantee each step of the design 

process is correct so that the whole product finally can be built correctly.  

 

For this project, several potential risks will be test to make sure the project is valid: The 

calculations will be done to check if the cabinet is stable. Some subsystems of the prototype will 

also be checked in Solidworks with the help of simulation tool to inspect if they will break with 

the new dimensions. 

 

To guarantee the safety, some protective measures will also be provided as recommendations to 

the company at the end of this project. 
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3. Empirical Findings 
 

In this step, the information that gathered from the case company and some other companies 

will be shown below. It will be used as a guideline for the application part and the design will get 

inspiration from the information that gathered from different companies. 

 

Firstly, the information that gathered from the case company will be illustrated as follow. [13] 

 

1. The technical data and the features of the types of computer cabinets that the case 

company produced. 

 

A. Stand computer cabinet 

      

Figure 3.1 shows the stand computer cabinet from the company Eventus’ homepage. 

                       

                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the stand computer cabinets that produced by the case company. This type of 

computer cabinet is called SeFlex by company Eventus. There are two material options for this 

kind of cabinet, one is lacquered which is used for industrial environment and the other is 

stainless steel which is mostly used in food factory. The stainless steel cabinet has double glass 

for displaying the monitor to avoid the fragments coming into the food when the glass 

breaking. 

 

 

 

Figure 3.1 Stand Computer cabinet 

Technical Data: 

Width = 590 mm, 

Height = 1660mm 

Depth = 580 mm 

Plate thickness: 1.5mm 

Shelf thickness: 3mm 

 

Features: 

 Holds computer and flat 

screen 24 " 

 Cabinet is made of 1.5 mm 

powder coated steel with 

tempered glass 

 Equipped with locking rod 

that protects against theft and 

damage 

 Four internal electrical outlets 

and cable for connection to 

230 V 

 Ball bearing fan with dual 

dust filter. 

 Three interior removable 

shelves. 

 Keyboard tray with wrist rest 

and mouse pad sliding out of 

crude rubber. 
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B. Table computer cabinet and wall-hanging computer cabinet 

 

Figure 3.2 is a picture which from the company Eventus’ homepage shows the table cabinet. 

Figure 3.3 are the pictures of the wall-hanging computer cabinets which from the company 

Eventus’ homepage. Both of them have the same technical data and features. 
                                             Technical Data: 

                                                            
                                              Width = 590mm 

                                                              Height = 700mm   
                                                              Depth = 370 mm 

                                                                                              
 

                                                           

 

 

 
Figure 3.2 Table computer cabinet 

 
 
 

 
 

Figure 3.3 Wall-hanging cabinets 

 

Table cabinet is a small size computer cabinet for only storing the computer monitor. It is much 

thinner than the stand cabinet and it can be put on the table. This kind of cabinet is also much 

cheaper than the stand cabinet. It was designed for the customers who do not want the cabinet 

which is too heavy or too expensive for their factory. 

 

Wall-hanging cabinet is small size computer cabinets which can be hang on the wall. It saves 

more space for the industrial factory. The size and the functions of this cabinet are the same to 

the table computer cabinet except this kind of cabinet can be hang on the wall. 

 

2. Components cost 

 

The cost of both the lacquered computer cabinet and the stainless steel cabinet are both gathered 

from the case company. This information will be used to compare the original cost and the re-

design cost and calculate the reduced cost in following steps. The table of components cost were 

put in Appendix II. 

 

3. Manufacturing process 

 

Appendix IV is a document of the whole manufacturing process of the lacquered cabinet. This 

document illustrates how the manufacturing proceeds and which material or components are 

used in each step. Some optimization inspiration will be found during studying this document.  

Features: 

 Holds small computer and 

flat screen 24 

 1.5 mm powder coated steel 

with tempered glass 

 Equipped with locking rod 

that protects against theft and 

damage 

 Four internal electrical outlets 

and cable for connection to 

230 V 

 Ball bearing fan with dual 

dust filter 

 An interior removable shelf 

 Keyboard tray with wrist rest 

and mouse pad sliding out of 

crude rubber 
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4. Manufacturing cost 

 

The manufacturing cost is a file that demonstrates the manufacturing cost (human cost is 

included) of both the lacquered cabinet and the stainless steel cabinet. It will be used to calculate 

the cost reduction between the original product and the optimized product together with the 

components cost and the material cost. This file was put in Appendix VI.  

 

Secondly, some information that from other companies which produce similar cabinets for 

computers and their components will also be gathered for the design to widen the vision of the 

optimization and provide more inspiration about the products.  

 
1. Filter 
 
Two kinds of filters from Dust Shield Company are found. One is called Heavy-Duty Particular 
Filter, and the other one is called Particular and Fumes Filter. Heavy-Duty Particular Filter uses 
activated carbon and electrostatic filtration media to protect against all the airborne particulate 
down to 0.1 micron. It is the common type of filter for most production environments. 
Particular and Fumes Filter is specialized for the production environments with high truck and 
forklift traffic, cutting lubricants and metallurgy. It uses doubled activated carbon filtration to 
remove oil air, exhaust vapor and fumes. [14] 
 

  
Figure 3.4 Heavy-Duty Particular Filter                                             Figure 3.5 Particular and Fumes Filter 

 
2. Cabinet 

 
 

Figure 3.6 DFP350F Mobile Computer Enclosure 

 
DFP350F Mobile Computer Enclosure from Dust Free PC Company is a NEMA style dual-fan 
positive pressure enclosure that protects the computer hardware from airborne debris with a 3-
year warranty. Its top cabinet is reduced but base cabinet is kept as the same. This style is more 
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stable with less material, which means it is a user-friendly product with the same function but 
lower cost and less weight. [15] 
 
 3. PC Qube 

 

 
Figure 3.8 PC Qube small version 

 
 

 
 
 
 
 

Figure 3.7 PC Qube stand version 

 
This is a new kind of cabinet. It is directly assembled with a support bar to achieve the 
requirement of height. This version is very simple in structure which reduces a lot of producing 
cost. The space of cabinet is very limited which can only hold 15’’-19’’ monitors and equipped 
with Optional Drawer, Clear Plastic Window, Fan, Filter, Gasket, and Key Lock. The outside 
dimension of it is 21'' Wide, 16'' Deep, 18'' High. 
This product is from the company PC enclosures  
 
4. Investigation of the computer monitor and CPU 
 
The widest part of a 24 inch computer monitor and a normal CPU’s dimensions were measured 
in this step to determine the new width of the computer cabinet. 
 

     

Figure 3.10 The widest part of a                                               Figure 3.11 The widest part of                                     
24 inch computer monitor (a)                                                    a 24 inch computer monitor (b) 

Figure 3.9 Inside of PC Qube small 

version  
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Figure3.12  The width of a normal CPU 

 

5. Research for safety design 

 

These are the pictures of the garbage station in campus. A supporting leg was used to prevent the 

door from closing itself.  

 
 

 
Figure 3.13 Foot for the door (a) 

 
 

Figure 3.14 Foot for the door (b) 
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Figure 3.15 Foot for the door (c) 



27 
 

4. Application  
 

4.1 Define the problem 
 
Nowadays, most industrial factories selected computer cabinets for storing their computer 
monitors or other computer devices. There are many sizes of  computer monitors in current 
market, different factories choose different kinds of  cabinets according to their needs. The 
cabinets were also made in different material to satisfy the requirements from different 
companies. But most of  the material can protect the devices from water, acid, high temperature 
or other tough environment. 
 
The computer cabinets (SeFlex) that Eventus industrial produced are always convenient for the 
users from the industrial environment. The cabinets have an IP 55 enclosure that provides dust 
and spool cover for the equipment. The surfaces of  the cabinet are flat so that it’s easy to keep 
clean. They have standard fans for good ventilation. They also have a locking rod on each cabinet 
to provide good protection against theft and damage. 
 
Eventus computer cabinets are made of  1.5mm powder coated steel and fitted with hardened 
glass pane. They can be supplied any RAL/NCS color for addition change. They can be equipped 
with the hatch on the side or in the door, for simplified access. 
 
The computer cabinets can hold computer, printer and monitor with the size up to 24´́. They 
provide four internal electrical outlets and cable for connection to 200V .Each cabinet has a ball 
bearing fan with two dust filters, three internal shelves. In the front of  the cabinet, there is a 
keyboard tray with wrist rest and mouse pad extendible of  raw rubber. There are three removable 
shelves inside the cabinet for supporting. What’s more, they are available with the color of  blue 
and light gray. 
 
There are some technical data for the cabinets as follow:  
The width of  the cabinet is 590mm, the height of  the cabinet is 1660mm and the depth of  the 
cabinet is 580mm. The current weight of  the cabinet is 97.5kg. (Figure 4.1 (a)) 
 
 

 
Figure 4.1 (a) Computer cabinets 

The cabinets below are the small size computer cabinets from company Eventus. The company 
has two depths for the cabinets: 370mm or 580mm. (Figure 4.1 (b))  

 



28 
 

 
Figure 4.1(b) Small compact computer cabinets 

Nowadays, the thickness of  the computer monitors became smaller so that company Eventus 
thought about reducing the thickness of  the cabinets and the shelves to suite the new size of  
current monitor to reduce the manufacture cost. However, reducing the thickness of  the cabinets 
may cause the instability of  the cabinet. 
 
 

4.1.1 Sketch the preliminary concept 

 

Here are three sketches that show the preliminary concepts of the design. How the users will 

work with these products and what these products will use for was shown in these three sketches.  

 

The sketches make the readers have a preliminary awareness of the product sand more details of 

these products will be shown in next few steps. 

 

 
Figure 4.1.1 (a) Use the computer cabinet in the industrial environment 
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Figure 4.1.1(b) Table computer cabinet 

 
Figure 4.1.1(c) Wall-hanging computer cabinet 

 

4.1.2 Write the mission statement 

 
This project aims to reduce the manufacturing cost according to reduce the depth of  the cabinets 
and reduce the thickness of  the shelves and plates of  the original cabinets to make more benefits 
for the company Eventus. 
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4.2 Voice of the customer 
 

In this process, the voice of the customer will be gathered from the case company. Firstly, some 

customer comments will be shown in a table below. These comments were collected by company 

Eventus and these customer comments made the company began to think about to optimize the 

computer cabinets to make them more competitive. 

 
Table 4.2.1 Customer comments 

Customer comments 

1. The stand computer cabinet is too heavy. 

2. The computer cabinet is too expensive. 

3. The shelf is not easy to change position. 

4. There is too much useless room inside the cabinet and it takes too much space in the 

factory. 

5. The cabinet is not easy to move. 

6. The appearance of the cabinet is not good. 

7. Dust come inside the cabinet and destroys the device. 

 

After demonstrating the customer comments, voice of customer need to be summarized to make 

requirements more clearly. Table 4.2.2 illustrates the voice of customer of the case company.   

 
Table 4.2.2  Voice of customer 

Voice of  customer  

Make the computer cabinet cheaper. Make the cabinet smaller. 

 
Make the cabinet lighter. 

Make the shelves of  the cabinet thinner.  

Make the depth of  the cabinet smaller. 

Make the plates thinner. 

Make the cabinet fit for the size of  
monitor 

Make the cabinet suitable to the monitor size of 
maximum 24 inch. 

Make the cabinet protect the computer 
components.   

Make the cabinet dust-proof. 

Make the cabinet water-proof. 

Make the cabinet impact resistant. 

Make the cabinet heat resistant. 

Make the cabinet corrosion resistant. 

Make the cabinet stable. 

Make the cabinet safe 

Make the cabinet suitable for different environment 

Make the cabinet easy to transportation. 

 
Prioritizing the voice of  customer is necessary for the following step, since different 
requirements have different importance of  a product. Some of  the requirements are obviously 
important for the customers or for the case company itself. So before considering about the 
design, the importance of  the requirements needs to be taken into consideration firstly. More 
attention will be paid to the higher priority part during the design process. An attribute name will 
also be given for each voice of  customer. 
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Table 4.2.3 Priority of the voice of customer 

Voice of  customer Attribute name  Relative 
priority 

Make the depth of  the cabinet 
smaller=Make the cabinet smaller 

Reducing depth  0.15 

Make the shelves and plates of  the 
cabinet thinner. 

Reducing thickness  0.15 

Make the cabinet dust-proof. Dust-proof  0.02 

Make the cabinet water-proof. Water-proof  0.02 

Make the cabinet heat resistant. Heat resistant  0.02 

Make the cabinet impact resistant Impact resistant  0.02 

Make the cabinet corrosion resistant. Corrosion resistant  0.02 

Make the cabinet stable Stability  0.2 

Make the cabinet safe Safety   0.1 

Make the cabinet suitable to the monitor 
size of maximum 24 inch. 

Storability  0.1 

Make the cabinet suitable for different 
environment 

Environment suitability  0.1 

Make the cabinet easy to transport Transportation  0.1 

 
 

4.3 Define the functional requirements 
 
In this chapter, functional requirements will be defined for the design. The product will be 
designed to satisfy the functional requirements. 

 

4.3.1 Collect and prioritize the use cases 

 
The first step is to collect use cases. The use cases are the situation that the users use the 
product which were got by the discussion between designers and company. The use cases will 
also be prioritized into three levels. Table 4.3.1 shows the use cases and their priority. 
 

Table 4.3.1 Collect and prioritize the use cases 

Use cases Priority 

Users use the computer. H 

Users stores the computer and its components.( keyboard, CPU, mouse, 

printer) 

H 

Users store the staff. L 

Users lock the computer and its components. ( keyboard, CPU, mouse, printer) M 

Users open the door of the cabinet. L 

Users charge the electronic device.  M 

Users open the cover of the keyboard support. L 

Users lock the wheels. M 

Users pull the mouse support. L 

Users change the position of the shelves. L 

 

As the table shown above, the use cases are distributed into “High (H)”  “Medium (M)” and 

“Low (L)” priorities. The use cases in “H” priority happen most frequently and they are the main 

use cases of the product. The use cases in “M” priority happen not very often but they are also 

important use cases of the product. The use cases in “L” priority will not influence the main 

using of the product. 
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4.3.2 Describe use cases behavior 

 
In this step the behavior of a high priority use cases will be described in detail. This step makes 
the use cases more clear about what the users do with the product and what the system shall do 
to respond the users’ operation. The tables of behavioral description will be shown in Appendix 
V. 

   

4.3.3 Repeat for the secondary use cases  
 

In this step, secondary use cases will be collected and will be described as what was done before 

in chapter 4.3.1 and chapter 4.3.2. Secondary use cases do not happen naturally but the situation 

that the system may fail or be abused. Secondary use cases will also be taken into consideration to 

define the functional requirements because they are normally related to the safety of the users 

and the product or device. 

 
Table 4.3.3 Collect secondary use cases 

Secondary use cases 

Users wash the cabinet and destroy the electronic device inside. 

Users use high-temperature machine close to the cabinet and destroy the device inside. 

Users use the cabinet in dusty environment and the dust destroys the device inside. 

Users hit the cabinet accidentally. 

 

Table 4.3.4 Prioritize the primary and secondary use cases 

Use cases Priority 

Primary 

Users use the computer. H 

Users stores the computer and its components.( monitor, CPU ) H 

Users store the staff. L 

Users lock the computer in the cabinet. ( monitor, CPU) M 

Users open the door of the cabinet. L 

Users charge the electronic devices.  M 

Users open the cover of the keyboard support. L 

Users lock the wheels. M 

Users pull the mouse support. L 

Users change the position of the shelves. L 

Secondary 

Users wash the cabinet and destroy the electronic device inside. H 

Users use high-temperature machine close to the cabinet and destroy the device 

inside. 

H 

Users use the cabinet in dusty environment and the dust destroys the device 

inside. 

H 

Users hit the cabinet accidentally. H 

The behavior of the high priority secondary use cases will be put in Appendix V. 

4.3.4 Summarize Functional requirements 
 
The originating requirements are the functional requirements written in the behavioral 
description. Index “OR.x” is used to order the originating requirements to make it easy to be 
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abstracted in following step. The requirements are also given abstract function names in the last 
column. 
 

Table 4.3.5 Functional requiremens 

Index Originating requirements Abstract function name 

OR.1 The system shall have a shelf 
to support monitor 

Monitor support 

OR.2 The system shall have a place 
to put the CPU. 

CPU support 

OR.3 The system shall protect the 
computer from moisture 

Water-proof 

OR.4 The system shall protect the 

computer from heat 

Dust- proof 

OR.5 The system shall protect the 

computer from impact 

Impact resistant  

OR.6 The system shall protect the 

computer from particulate 

Heat resistant  

OR.7 The system shall not shake No shaking 

OR.8 The system shall not fall 
down  

Stable 

OR.9 The system shall be good at 
transparency to let the user 
see the screen clearly 

Transparency 

OR.10 The system shall support the 
keyboard 

Keyboard support 

OR.11 The system support the 
mouse 

Mouse support 

OR.12 The system shall have an 
adjustable shelves 

Shelf 

 

4.4 Conceptual design. 
 
In this chapter the concepts will be carried out step by step. The whole process which is from the 
functional requirements to final integrated concepts will be presented in detail. 
 

4.4.1 Establish the functions needed to be developed 
After the problem gets clear, it is time to establish the main functions need to be developed. 
Functions actually come up with the requirements. As the previous process shows, the following 
requirements list will be the origin of the functions. 
Table 4.3.5 is from the side of user, basing on the customer cases behavior. What need to do is 
establishing a main function from the side of the product. And it doesn’t need add any function 
to the cabinet, only develop the original function.  
After the information being gathered, the main function needed to be developed will be 
established. 
The main function of the computer cabinet is: use the computer in working environment  
 

4.4.2 Break the function down 
In this case a classification tree is made to present the process of the function block diagrams. 
According to the specific situation the diagram will just show how a function is broken down 
into sub functions and break sub functions into Lower Order Functions (LOFs). In this case the 
objective is “computer cabinet” and the break started from the main function as mentioned 
before.  The following figure will show the process in detail. 
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”  
Figure 4.4.2 Function classification tree 

Use computer in 
working environment

"Storage"

The cabinet should 
store the computer 

The cabinet should 
store the monitor

The cabinet should 
store the CPU

"Protection"

The cabinet should  
protect the computer

The cabinet should 
protect the computer 

from moisture.

The cabinet should 
protect the computer 

from pariculate.

The cabinet should 
protect the computer 

from heat. 

The cabinet should 
protect the computer 

from impact.

"Stability"

The cabinet should be 
stable

The cabinet should not 
move when the user 

uses it.

The cabinet should not 
shake or fall down after 

getting impact.

"Convenience"

The cabinet should be 
convenient to use

The cabinet should 
have a clear window.

The cabinet should 
have a Keyboard 

support.

The cabinet should 
have a mouse support.

The cabinet should 
have a adjustable 

monitor shelf



35 
 

In this figure the main function is broken down into four secondary functions and each 
secondary function is broken down into lower order functions. As the design group got these 
lower order functions (LOFs). The group members can begin the brainstorming basing on the 
LOFs.  
 

4.4.3 Brainstorming  

 
In this step, the functional elements (concept fragments) will be listed in the form of table. In this 
table the first column is the abstract names of LOF functions and the first row will list the 
number of functional elements. The ideas should come both from external and internal ways. 
From this side a lot of information is from other companies which also produce the similar 
product and also explore many possibilities depending on the understanding of this product by 
themselves. The following table will show all the functional elements.  

Table 4.4.3 Brainstorming 

Abstract name 
of function 

Functional element 1 Functional  
element 2 

Functional 
element 3 

Functional 
element 4 

Storing 
monitor 

Store the monitor 
with frame  

Store the monitor 
without frame 

Fix the 
monitor on the 
door of cabinet 

 

Storing CPU  Put the CPU behind 
of monitor  

Make the CPU lie 
separately  

Make the CPU 
stand 
separately 

No CPU 

Resisting 
Moisture   

Add rubber along the 
edges of the door and 
lock the door and use 
stainless or powder 
coated steel to be 
material 

Add rubber along 
the edges of the 
door and lock the 
door and use thick 
industrial plastic to 
be material 

  

Resisting 
Particulate   

Equip Heavy-Duty 
particulate Filter 

Equip Particulate 
and Fumes Filter 

Fan  Both of fan 
and filter 

Resisting  
Heat  

Fan Heat spreader Heat sink  

Resisting 
Impact  

High strength 
Material such as 
stainless or powder 
coated steel  

High strength 
material such as 
Thick industrial 
plastic  

  

No move Equip lock on the 
wheels  

Hang the cabinet on 
the wall  

Put the cabinet 
on the table 

No wheels 
equipped at 
bottom 

No shake Put extra weight at 
the bottom of the 
cabinet  

Add legs at the 
bottom of the 
cabinet 

Transfer some 
weight from up 
to down 

Add material 
at the bottom 

Transporency  Clear plastic window Clear glass window    

Supporting 
keyboard  

Optional keyboard 
drawer 

Fixed keyboard 
support 

Put the 
keyboard at the 
top of the base 
cabinet  

Height 
adjustable 
keyboard 
support 

Supporting 
mouse  

Optional mouse 
support 

Fixed mouse 
support connected 
with the keyboard 
support 

Put the mouse 
at the top of 
the base 
cabinet 

 

Supporting 
monitor 

Equipe an adjustable 
support.  

Fixed shelf Equipe an 
adjustable shelf 
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In this table there are a lot of functional elements are explored. Some of them are discovered 
from the products of other companies. Some of them are thought of by the group members 
themselves. Both kinds of these functional elements are according to the lower order functions 
which are decided before. 
 

4.4.4 Organize the concept fragments 

 
In this step the concept fragments will be checked according to the table 4.3.4 of functional 
requirements which have been done in previous chapter.   
Each lower order function will be listed separately and thought about if the functional elements 
are realistic. In the following tables there are some fragments are pruned and some fragments are 
added.   
 

Table 4.4.4 Organize the lower order function 1 

Monitor storage  

Store the monitor with 
frame 

Store the monitor without 
frame 

Fix the monitor on the door of 
cabinet 

According to the empirical finding, there are some companies’ products are equipped with frame 
which is used to fix the monitor. From the side of the case company it can be an option to 
choose. So it is also possible to forbid this idea. 
 

Table 4.4.5 Organize the lower order function 2 

CPU storage  

Put the CPU behind of the 
monitor 

Make the CPU lie 
separately  

Make the CPU stand 
separately 

No 
CPU 

In this lower order function how to put the CPU in the cabinet is the point. If it is a small cabinet, 
the CPU and the monitor can only be put together. If there is a big or floor version cabinet 
which has two storage space, the CPU can be stored separately from the monitor. And the way 
of putting the CPU depends on the space of the base cabinet. The CPU can only be laid down 
when it is put in a small base cabinet and in big base cabinet the CPU can stand. Sometime the 
customer uses an external CPU so there is no need to store the monitor. 
 

Table 4.4.6 Organize the lower order function 3 

Moisture resistant   

Add rubber along the edges of the door and 
lock the door and use stainless or powder coated 
steel to be material  

Add rubber along the edges of the door and 
lock the door and use Thick industrial plastic 
to be material 

Moisture resistant actually has two meaning. First one is to protect the computer from the 
moisture. Second one is that the material will not corrode because of the working environment. 
So the good sealing is very important for the cabinet and material need be anti-moisture. 
 

Table 4.4.7 Organize the lower order function 4 

Particulate resistant 

Equip heavy-Duty particulate 
Filter 

Equip Particulate and Fumes 
Filter 

Fan  Both of fan and 
filter 

 
According to the research about other companies’ products, two types of filter are found. These 
two types are equipped on the cabinets which are used in different working environments. The 
case company will decide which one should be assembled after knowing the requirements from 
customers. Fan is also considered in this LOF because fan can control the pressure of inside over 
outside. The particulate can not go through the fan. Sometime both of fan and filter can be used. 
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Table 4.4.8 Organize the lower order function 5 

Heat resistant 

Fan  Heat spreader Heat sink 

 
Fan is a mature method for the case company to protect the inside space of the cabinet from 
heat. In nowadays market there are other methods of resisting heat. But these methods will 
increase a lot of cost. And the way of assembling is also a problem. But these two ideas can be 
options for the product in future. 
  

Table 4.4.9 Organize the lower order function 6 

Impact resistant 

High strength material such as stainless or 
powder coated steel 

High strength material such as industrial plastic 

 
In the industrial working environment it is easy to get some impact from the mistakes of 
operating. The material should be at high strength to hold this impact. Otherwise the shape of 
cabinet will be broken and the computer will be affected. Both of these materials are mature in 
nowadays market. Either of these two can play a role in protecting the computer. 
 

Table 4.4.10 Organize the lower order function 7  

No move 

Equip lock on the 
wheels 

Hang the cabinet on 
the wall  

Put the cabinet on 
the table 

No wheels equipped at 
bottom 

 
When the user uses the cabinet he/she doesn’t want the cabinet to move. In another word, it is 
important to make sure that the cabinet should be stable. Three methods have been explored. 
These ideas actually are prepared to different types of cabinets. First one is designed for the floor 
version because the big cabinet will be equipped wheels at the bottom. Otherwise the customer 
can also choose not to use the wheels if the cabinet will not be moved to another place often. So 
after people moving the cabinet they need to lock it. The second and third methods are for the 
small cabinets. These small cabinets need a place to fix them by other accessories such as a frame 
or a table. 
 

Table 4.4.11 Organize the lower order function 8 

No shake 

Put extra weight at 
the bottom of the 
cabinet  

Add legs at the 
bottom of the cabinet 

Transfer some weight 
from up to down 

Add material at the 
bottom 

 
This LOF also contributes to the stability. There are two elements are delated because they will 
increase either transport cost or material cost which is not the case company wants to pay for. 
And here two ideas which are “mounting on the wall” and “putting on the table” will be added. 
The rest two elements are kept because there will not be a waste. Adding legs will not cost a lot 
and increase the stability and transferring some weight from up to down will save the material.   
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Table 4.4.12 Organize the lower order function 9 

Transporency 

Clear plastic window Clear glass window  

Transparency is one part of the convenience. Users must see from outside to side. So there must 
be transparency component. It could be clear plastic or clear glass window. The case company 
can choose either one of them to realize this sub function. 
 

Table 4.4.13 Organize the lower order function 10 

Keyboard support 

Optional 
keyboard drawer 

Fixed keyboard 
support 

Put the keyboard at the top 
of the base cabinet  

Height adjustable 
keyboard support  

 
When users use the cabinet there must be a place letting user operate the keyboard. It means 
there should be a place to put the keyboard. The keyboard can be put outside or inside. If the 
customer need clean the cabinet often by water it is better to put the keyboard in a drawer. 
Otherwise the customer can buy a waterproof keyboard and put it outside. The option of height 
adjustable keyboard support is eliminated. The reason is that the case company doesn’t want to 
change the way of assembly. Except this idea either one of the rest three ideas could be possible. 
Which one will be chosen depends on which option the user would like to use. 
 

Table 4.4.14 Organize the lower order function 11 

Mouse support 

Optional mouse support Fixed mouse support 
connected with the keyboard 
support 

Put the mouse at the top of 
the base cabinet 

 
Actually the mouse is in the same theory of keyboard. Mouse can be put on the same support of 
keyboard so it is possible to not add a specific support for mouse.  
 
 

Table 4.4.14 Organize the lower order function 12 

Monitor shelf 

Equipe an adjustable support.  Fixed shelf Equipe an adjustable shelf 

 
The adjustable shelf and support is designed for adjusting the height of the monitor. Sometimes 
it is not convenient for the short people or women or children to use the cabinet. So it is 
necessary to adjust the height but it will increase a lot of producing cost from the side of case 
company. This idea can be an option for the developing in the future. And the fixed shelf is 
original design which is mature in manufacturing process. 
 

4.4.5 Combine the concepts Fragments 

 
After the concept fragments being organized, it’s time to combine them together into concepts. 
The method of morphological chart will be used to finish this work. Different concepts will be 
carried out by connecting elements of LOF functions.  
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Table 4.4.16 Morphological chart 

 
In the table above three concepts are combined by morphological chart. It is a clear way for 
reader to follow. So in next step the design group will generate integrated concepts by sketch and 
explanation.    
  
 

Abstract name 
of function 

Functional 
element 1 

Functional  
element 2 

Functional 
element 3 

Functional 
element 4 

Storing 
monitor 

Store the monitor 
with frame  

Store the 
monitor without 
frame 

Fix the monitor 
on the door of 
cabinet 

 

Storing CPU  Put the CPU 
behind of monitor  

Make the CPU lie 
separately  

Make the CPU 
stand separately 

Put the CPU 
with monitor in 
the same plane  

Resisting 
Moisture   

Add rubber along 
the edges of the 
door and lock the 
door and use 
stainless or 
powder coated 
steel to be material 

Add rubber along 
the edges of the 
door and lock the 
door and use 
thick industrial 
plastic to be 
material 

  

Resisting 
Particulate   

Equip Heavy-Duty 
particulate Filter 

Equip Particulate 
and Fumes Filter 

Fan  Both of fan and 
filter 

Resisting  
Heat  

Fan Heat spreader Heat sink  

Resisting 
Impact  

High strength 
material such as 
stainless steel or 
powder coated 
steel   

High strength 
material such as 
Thick industrial 
plastic  

  

No move Equip lock on the 
wheels  

Hang the cabinet 
on the wall  

Put the cabinet on 
the table 

No wheels 
equipped at 
bottom 

No shake Add legs at the 
bottom of the 
cabinet 

Transfer some 
weight from up 
to down 

Mount the cabinet 
on the wall 

Put the cabinet 
on the table 

Transporency  Clear plastic 
window 

Clear glass 
window  

  

Supporting 
keyboard  

Optional keyboard 
drawer 

Fixed keyboard 
support 

Put the keyboard 
at the top of the 
base cabinet  

 

Supporting 
mouse  

Optional mouse 
support 

Fixed mouse 
support 
connected with 
the keyboard 
support 

Put the mouse at 
the top of the base 
cabinet 

 

Supporting 
monitor 

Equipe an 
adjustable support.  

Fixed shelf Equipe an 
adjustable shelf 
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4.4.6 Generate integrated concepts 

 
After the design group combining concept fragments the preparation for generating the 
integrated concepts is done. In this step the concept will be presented in the way of sketch. It will 
make it easier for reader to understand. And each concept will be explained in detail. 

 
Figure 4.4.6 Concept blue 

 
Concept blue 
From figure 4.4.6 there is no big difference between this design and the original one. The 
designer will introduce where it was improved. Firstly, the whole cabinet is made into smaller size. 
After the thickness of the CPU is measured, the width of the plate on side has been decreased a 
lot. The reason for this design to reduce the material cost during the producing process. Besides 
the depth the thickness of all plates are reduced. Secondly, there is one plate between the CPU 
and monitor is deleted. In many cases the plate where people will put printer is unnecessary 
because people seldom print something. Thirdly, to keep the cabinet stable, the extra legs are 
added at bottom and the wheels will be fixed on the legs. 
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Figure 4.4.7 Concept orange 

 
Concept orange 
This is the second concept. The appearance has been much different from before. The storage 
space of the monitor is focused on in this concept. There are two reasons for just reduce the 
storage space for monitor. First is that sometime people want to put their staff in the cabinet so 
the space of lower part can not be reduced a lot. And the second reason is that changing the 
structure in this way will make the cabinet stable and without extra legs which will also save 
producing cost.   
 

 
Figure 4.4.8 Concept red 
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Concept red  
The third concept is obviously smaller than the other two concepts. The computer is put behind 
of the monitor in one storage space and the keyboard support is also hidden at the bottom. 
When the cabinet is used the user can pull out the keyboard support. The key point of this 
concept is that reducing the material cost as much as possible. So a frame is used to support the 
cabinet. This concept will make the product much cheaper than before. But this concept will 
make the case company change their manufacturing process a lot. So it is important for the case 
company to consider if it is deserved to make a big change of this product.  
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Figure 4.4.9 Concept yellow 

 
Concept yellow 
According to the requirement of computer cabinet family the new type of computer cabinet is 
designed. 
Sometime there is no much place to put a huge computer cabinet so people began thinking about 
if it is possible to mount the cabinet on the wall by a frame. This design will be very stable and 
very convenient to use. As the size is reduced so much the manufacturing and components cost 
will be reduced a lot which will make the cabinet be competitive in market. 
 

 
Figure 4.4.10 Concept green 
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Concept green  
This design is also basing on the requirement of cabinet family. Different from last concept, this 
concept will put on the table directly. This means the cabinet will not be put near the wall. It can 
be put any where. People can put the cabinet on different kinds of table to adjust the height. In 
the left sketch there is a table with drawers which are very convenient to use. On the other side 
the cabinet will cost less than the mounting version because it doesn’t need to buy a frame.  
  

 

 
Concept purple 
This design is trying best to make the cabinet simple. From the appearance it uses least material 
in all concepts. The CPU and monitor are put in the same plane. The monitor is mounted on the 
rare wall of the cabinet. The CPU is also fixed by a frame. This design will be very easy to 
transport and assemble. The only short point of this concept is the customer can only use a mini 
CPU because the space is limited. 

 

 

4.5 Concept selection 
 
After the concept design is finished, one of the concepts needs to be selected to continue the 
design work. 
 

4.5.1 Preparing for concept screening matrix 
In this step, the attribute name needs to be tracked back to get the voice of the customer. This is 
preparation for the concept selecting. After the goals are known, an attribute name for each goal 
will be made. 
 
 
 
 
 
 
 
 
 

Figure 4.4.11 Concept purple 
Figure 4.4.12 Concept purple 
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Table 4.5.1 Concept screening matrix 

Goals Attribute name 

Make the cabinet smaller. Reducing cost 

Make the shelves and plate of the 
cabinet thinner. 

Reducing cost 

Make the cabinet stable. Stability  

Make the cabinet suitable to the monitor 
size of maximum 24 inch. 

Storability  

Make the cabinet easy to transportation Transportation  

Make the cabinet dust-proof. Protection  

Make the cabinet water-proof. Protection  

Make the cabinet impact resistant. Protection  

Make the cabinet heat resistant. Protection  

Make the cabinet corrosion resistant. Protection  

 
As table4.5.1 shown, in the right column, each attribute name is written in noun form. The 
attribute of protection will be combined. Later on these names will be used to score the concept. 
 

4.5.2 Weighting the attributes 

To weight the attributes of three concepts, a scale 1 to 5 is used to rate them. One point means 
that it is not much contribution for this attribute in the concept. Five points means that the 
attribute of that concept performs very well. Here a black line is used to divide the big version 
and the small version. Later on these two versions will be selected seperately. Each version will 
be selected one concept. 

Table 4.5.2 weighting the attributes 

Attribute name Concept 

blue 

Concept 

orange 

Concept 

red 

Concept 
yellow 

Concept 
green 

Concept 
purple 

Reducing cost 4 2 5 3 4 5 

Storability  4 5 2 5 4 3 

Stability  3 4 2 5 4 5 

Protection  4 5 3 4 4 3 

Safety 4 4 4 4 3 5 

Environment 
suitability 

4 4 5 5 4 5 

Transportation 3 2 4 3 3 5 

Total points 26 27 25 30 27 31 

 
After giving the marks to each attribute of each the reason will be explained here. First the big 
version will be talked about. From the appearance, it is easy to find that the concept red reduced 
most material and the concept blue reduced second most. Relatively, the concept orange doesn’t 
change much on the size. When the storability is talked about, the performance of each concept 
is totally reverse. The bigger size means more things can be stored. So the concept orange got 5 
points. The stability is the same as the storability to some degree. Bigger size means the cabinet 
will be more stable. Protection also follows the same theory. Safety will not be seen difference 
between these three concepts. The concept red performs a little bit better than the other two 
concepts in environment suitability. Transportation is directly connected to the size of the 
cabinet. The heavier the product is, more transportation fee will be spent.    
 
After the marks of the big version have been explained the small ones will also be explained in 
detail.  
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Concept purple is the most simple on the structure. This will make it cost least on components. 
The other two concepts don’t have much difference on the size but the concept yellow is 
equipped with the frame which is used to mount the cabinet on the wall. So the concept green 
will cost a little bit less than the concept yellow.  
 
Storability as explained above is reverse to the cost. The less space it takes, the fewer things can 
be put in. But the stability of concept purple is high because the shape is very flat. If it is 
mounted on the wall the force will be divided very uniform. Protection depends on the size. The 
big store space will give a high safety factor when there is an impact from outside.  
 
The safety problem is a problem for the concept blue because it is just put on the table. So it can 
be possible for the cabinet falling down accidentally from the top of table. It could be dangerous. 
The other two are mounted on the wall so the safety is better. The purple is best because it is 
lightest. Even if it falls down it will not make a big damage.   
 
Environment suitability will not be a big difference between in these three concepts because all 
of them will not take a lot of place. The concept green got 4 points in this attribute because it 
needs a table to support it which means the user must have a table with suitable height. 
Transportation is only related to the size and weight. It is obviously seen that the concept purple 
is smallest and the other two are almost in the same size.    
 
After the attributes are weighted, it is important to show the relative priority of each attribute. 
That means that every attribute is not the same important to each other. Every attribute plays 
different roles in this product. After communicating with the company guy, the importance of 
each attribute has been figured out. 
 
All the priority adding together equals 1. And each attribute take different percentage of 1. 
 

Table 4.5.3 Relative priority 

Attribute name Relative priority Rank 

Reducing cost 0.3 1 

Stability 0.2 2 

Storability 0.1 3 

Protection  0.1 3 

Safety 0.1 3 

Environment suitability 0.1 3 

Transportation  0.1 3 

 
As table 4.5.3 has mentioned before, in this table the same attributes have been combined 
together. 
 

4.5.3 Scoring the concepts 
Then the relative priority is multiplied to the rate to score the concepts 
. 
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Table 4.5.4 Scoring the concepts 

Attribute name  Concept blue Concept yellow Concept red 

 Relative 
priority 

Rating Weighted 
score 

Rating Weighted 
score 

Rating Weighted 
score 

Reducing cost 0.3 4 1.2 2 0.6 5 1.5 

Stability 0.2 4 0.8 5 1 2 0.4 

Storability 0.1 3 0.3 4 0.4 2 0.2 

Protection  0.1 4 0.4 5 0.5 3 0.3 

Safety 0.1 4 0.4 4 0.4 4 0.4 

Environment 
suitability 

0.1 4 0.4 4 0.4 5 0.5 

Transportation  0.1 3 0.3 2 0.2 4 0.4 

Rank   3.8  3.5  3.7 

Result Detail the concept Can be an option in 
the future 

Can be an option in 
the future 

 
Here the concept scoring of the big version has been done. The concept blue won the 
competition. This means the concept blue fulfilled both the requirements of company and 
customers. It is probably not the most functional one but it is much cheaper than the most 
functional one. Most of time the customers would like buying a product which is medium 
functional and with attractive price.  
 

Table 4.5.5 Scoring the concepts 

Attribute name  Concept blue Concept yellow Concept red 

 Relative 
priority 

Rating Weighted 
score 

Rating Weighted 
score 

Rating Weighted 
score 

Reducing cost 0.3 3 0.9 4 1.2 5 1.5 

Stability 0.2 5 1 4 0.8 3 0.6 

Storability 0.1 5 0.5 4 0.4 5 0.5 

Protection  0.1 4 0.4 4 0.4 3 0.3 

Safety 0.1 4 0.4 3 0.4 5 0.5 

Environment 
suitability 

0.1 5 0.5 4 0.5 5 0.5 

Transportation  0.1 3 0.3 3 0.3 5 0.5 

Rank   4  4  4.4 

Result Can be an option in 
the future 

 Can be an 
option in 
the future 

 Detail the 
concept 

 
Here the concepts scoring of small version has been done. The purple one is 0.4 point higher 
than the other two concepts. It means it is much better than other concepts.  But as mentioned 
in the previous chapter, this concept has a short point that only mini CPU can be stored in this 
concept.   
 

4.5.4 Selecting the concept 
The last step is to pick the concept which will be designed in detail. As mentioned before, the 
concept of small version will be continued because the company is willing to keep the original 
one. So the concept blue will be selected. And in next steps, all the design of this concept will be 
presented.    
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4.6 Embodiment design 
 

After selecting the final concept and discussing with the case company, , only reducing the stand 

computer cabinet’s size is included in this design part since the table cabinet and wall-hanging 

cabinet have no optimization space for reducing the depth since they were already designed for 

only storing a computer monitor. 

 

Firstly, a table will be shown below to illustrate the expected dimensions for the new computer 

cabinet. The new dimensions for the computer cabinet based on the current width of CPU and 

24 inch monitor from investigation. As shown in empirical findings, the width of a 24 inch 

monitor is around 200mm and the width of the CPU is around 180mm. The width of cabinet will 

not be changed because the width of monitor didn’t decrease. The new dimensions for the 

thickness of the cabinet plates and the shelves were from the discussion with the company. 

 

As the research shown, the maximum depth that the computer’s monitor and CPU required are 

smaller than 200mm, meanwhile, considered about the stable problem, the optimized cabinet’s 

depth is decided to be 300mm at this time and will be test whether it is stable to verify the design. 

The thicknesses of the plates were reduced from 1.5mm to 1mm and the thicknesses of the 

shelves were reduced from 3mm to 2mm and they will be checked to verify the design in 

following chapter. 

 
Table 4.6 Expected dimensions for the new cabinets and dimensions for the original cabinets 

Components Original computer 

cabinet 

Expected computer cabinet 

Depth( without door) 510mm 300mm 

Thickness of the plate 1.5mm 1mm 

Thickness of the shelf 3mm 2mm 

 

4.6.1 Identify the subsystems 

 

The subsystems will be identified in this step. Six subsystems were divided for each cabinet, and 

for some complex subsystems, sub-subsystems were identified. The six subsystems will be 

illustrates below and the tables of subsystems with pictures were put in the tables below. 
 

Keyboard system includes a keyboard support, a mouse support and a trace of the mouse 

support. 
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Table 4.6.1 Keyboard system 

Keyboard system 

 

Keyboard support 

 
Mouse support  

 
Trace for the mouse support 
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Door system includes a door plate, a glass, a handle, three hinges and a lock system with one key 

and two bars. 

 
Table 4.6.2 door system 

Door system 

 

Door plate 

 
Glass 

 
Handle 

 

Hinges (3) 

 

Lock system 

 

Key 

 
Bars （2） 
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A fan and a filter system are included in a fan system. 

 
Table 4.6.3 Fan system 

Fan system 

 

Fan 

 
Filter 1 

 

Sponge  

 
Inner cover 

of filter 

 
Outer cover 

of filter 
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Filter system is exactly the same to the filter system in the fan system which includes filter fibers, 

an inner cover and an outer cover. 
Table4.6.4  Filter system 

Filter   

Sponge 

 
Inner cover of filter 

 
Outer cover of filter 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

Shell system is the main body of the cabinet which includes a shell and a base. 

 
Table 4.6.5 Shell system 

Shell system 

 

Shell 

 
Base 

 
Shelf system has two shelves. 

 
Table 4.6.6 Shelf system 

Shelves(2) 

 
 

4.6.2 Define the subsystems 

 

The subsystems will be defined in this step according to the subsystems that identified above. To 

define the subsystems, which components or subsystems will be bought, which components or 

subsystems will be optimized or which components or subsystems will keep the same will be 

illustrated in this part. 
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Table 4.6.7 Define the subsystems 

 Optimization parts Purchasing parts Retention 

Shell (Shell system) Mouse support( Keyboard 

system) 

Glass( Door system) 

Shelves( Shelf system) Hinge ( Door system) Trace ( Keyboard 

system) 

Plate of the shell( Shell system) Filter System  

Keyboard support( Keyboard 

system) 

Fan (Fan system)  

Door( door system) Handle( Door system)  

 Bar( door system)  

 Key (Door system)  

 Sponge( Filter system)  

 
The table above shows how the subsystems were defined. The optimizing parts include the shell, 
two shelves, the plate of the shell, the keyboard support and the door which were all 
manufactured by the case company. The purchasing parts include the mouse support, the hinge, 
the whole filter system, the fan, the handle, the bar, the key and the sponge which will not be 
optimized but purchased from other companies. The retention parts include the glass and the 
trace of the mouse support which were manufactured by the case company and will keep the 
same. 
 

4.6.2 Design for manufacturing  

 
In this step, there are two parts of calculations will be included. The first one is the reduction of 
manufacturing cost which includes the reduction of the cutting cost, pressing cost and welding 
cost. The second one is the reduction of components cost.  
 
The table of original manufacturing cost was put in Appendix VI and the table of the calculations 
of the reduction cost was put in Appendix VII. 
 
To calculate all of these reductions the information of each component is important which can 
be seen in table 7.6. 
 
According to the information from the company, the internal frame and the cable entry are used 
from the rest of other parts. There must be some materials wasted, because more material has to 
be prepared than accurate size of one part for cutting, which happens to the ear to the keyboard 
as well. Therefore, these three parts are free. And lock plate, spacer, upper casement control, 
lower casement control, casement upper, casement lower and protective black lacquered keep the 
same. 
 

Reduction of cutting cost 
Unit price of laser cutting= 950 SEK/hour= 15.83 SEK/min. This price includes both of labor 
and machine. After design group reducing the thickness of the plate from 1.5mm to 1mm and 
the thickness of the shelf from 3mm to 2mm, the time will be reduced by 20%. The unit price 
will not change so the new laser cutting price will reduce by 20%. The detailed calculation can be 
seen in table 7.7.1. 

 
Total time= total distance reduced* 0.5 min/m=2.94*0.5=1.47min 
The cost combining the labor and machine is 15.83 SEK/min  
The total cost reduced=1.47*15.83=23.27 SEK 
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The unit price of pressing is 565 SEK/hour=9.42SEK/min. After the design group reducing the 
thickness of plate from 1.5mm to 1mm and the thickness of the shelf from 3mm to 2mm, the 
time will be reduced by 5%. The unit price will not change so the new laser cutting price will 
reduce by 5%. 
The detailed calculation can be seen in table 7.7.2. 
 

Reduction of pressing cost 
The unit price of pressing is 565 SEK/hour=9.42SEK/min. After the design group reducing the 
thickness of plate from 1.5mm to 1mm and the thickness of the shelf from 3mm to 2mm, the 
time will be reduced by 5%. The unit price will not change so the new laser cutting price will 
reduce by 5% 
The detailed calculation can be seen in table 7.7.3. 
 

Reduction of welding cost 
The unit price of welding is 440 SEK/hour=7.33SEK/min. After the design group reducing the 
thickness of plate from 1.5mm to 1mm and the thickness of the shelf from 3mm to 2mm, the 
time will be reduced by 5%. The unit price will not change so the new laser cutting price will 
reduce by 5% 
The detailed calculation can be seen in table 7.7.4. 

 

Total reduction of manufacturing cost 
Total reducing price =56.2285+23.2701+13.659+34.0187=127.1763  SEK 
The calculation above means the company will save 127.1763  SEK on each cabinet in 
manufacturing. 
 
Reduction of components cost 
After the reduction of manufacturing costs has been calculated, the next step is to calculate the 
reduction of components costs. Firstly the method of calculating will be explained.   
The components are divided into three types. The first one is only reducing the thickness, so the 
new massive= old massive*2/3. 
The second one is not only reducing the thickness but also reducing the area. The new 
massive=old massive*2/3-(area reduced* new thickness*unit massive). 
The third one is just reducing the area. The new massive=old massive-area*thickness*unit 
massive. 
The detailed calculation can be seen in table 7.7.5. 
 
So the total cost reduced= Manufacturing cost reduced + Components cost 
reduced=127.1763+380.20675=507.38 SEK. 
 
As shown in Appendix VIII, the whole process helped the company get more profit. The case 
company produces 350 cabinets each year. The calculation means the optimization of  the cabinet 
will help the company save 177583 SEK on producing per year. If  the case company can reduce 
the sale price to some degree, this product will be more competitive in the future which means 
more customers would like to buy the optimized cabinet. If  the sale price is assumed to be 
reduce 300 SEK and this change may lead 200 more customers to buy the cabinet. This will make 
the company get more profit with a number of  114059 SEK. 
 

4.7 Prototyping  
 

As discussed with the case company, a 3D drawing needs to be shown for the computer cabinet 

with new dimensions. For this project, since the appearance didn’t be changed but only the depth 

of the cabinet, the thickness of the plates and the thickness of the shelves, and new functions 

were not created, neither. Therefore, a 3D drawing is enough to illustrate the optimized cabinet 

clearly. 
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 Figure 4.7.1 Front view                                              Figure 4.7.2 Back view 

  
 

Figure 4.7.3 Cabinet with the door opening 

The 3D technical drawings were done by using the software Solidworks 2014. A front view and 
back view were shown in this part, and the door opened with 90°was shown to display the inside 
components clearly, as well.  
 
 

4.8 Verification 
 

4.8.1 Verify the requirements 

 

In this step, two items of the computer cabinets will be test to check the success of the design. 
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Firstly, the fatigue of the shelf will be tested to check if the optimized shelf can support the 

computer monitor without break, see figure 4.8.1.The test is carried out by using the simulation 

function of Solidworks.  

 

Here is the shelf which will be tested, the rectangular area is the position for the computer 

monitor, so the force on the shelf will concentrate on the rectangular part. The two feet in the 

front sides will be fixed as well as part of the back sides as the red circles shown. 

 
Figure 4.8.1 Test shelf 

The test report was put in Appendix VIII. 

 

After making the simulation, the conclusion according to the report can be made as follow: 

 

As shown in table 7.8.1 in AppendixVIII, the yield stress of the material is 2.48168e+008 

N/m^2, and as shown in table 7.8.4, the maximum stress that act in the red area is 2.035eN/ 

m^2, threrefore, the optimized shelf will not break according to the result of the report. 

 

Secondly, according to the requirement of the case company, the calculation will be done to 

calculate when the door opened with an angle of 90° to check if the cabinet will fall down from 

the left side or the front side as shown in figure 4.8.1 and figure 4.8.2. The calculation steps will 

be put in Appendix III.  

                            
Figure 4.8.2 Cabinet falls down from front side            Figure 4.8.3 Cabinet falls down from left side 

After getting results from the calculations from Appendix III, the result can be made as follow: 

1. From the first calculation, the moment produced by the door was smaller than the 

moment that produced by the shell, therefore, when the door is opened with a degree of 90, 

the cabinet will not fall down from the front side.(M1=2743.5Nmm, M2=9554Nmm, 

M1<M2) 
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2. From the second calculation, the moment produced by the door was smaller than the 

moment that produced by the shell, therefore, when the door is opened with a degree of 90, 

the cabinet will not fall down from the left side.(M1=182.28Nmm, M2=16726 Nmm，
M1<M2) 

 

Therefore, when the door opened with 90°, the optimized cabinet is safe. 

 

According to the test to the shelf and the calculation that made when the door opened with a 

degree of 90, the conclusion can be made that the optimized cabinet is valid. 

 

4.8.2 Security 

 

Considered about the product may be abused by the users such as opening the door vigorously, 

some safety methods should be carried out to guarantee the security of the users. 

 

On the basis of some investigations, two methods have been provided as options to the 

problems which when the user open the door vigorously to make sure the computer cabinet will 

not fall down and strike the user. 

 

The first option is two feet which can be fix on the base of the cabinet on front side and left side 

to make sure the cabinet will not fall down from front or left. This inspiration came from the 

school garbage room which uses the similar foot to avoid the door closing itself. Three figures 

below show the details of a foot which can be used on the cabinet. This foot is 360º free under 

the control of a spring. 

 

 
Figure 4.8.4 Foot on the base (a) 
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Figure 4.8.5 Foot on the base (b) 

 
Figure 4.8.6 Foot on the base (c) 

The figure below demonstrates how the cabinet works with the feet. The feet can keep 

supporting the cabinet all the time and the user doesn’t need to push them up during using the 

cabinet.  

 

 

 

 
Figure 4.8.7 Cabinet with feet 

 

Another design was inspired by the drawer, so it is called drawer support here. It increased the 

bottom area of the cabinet to make the cabinet more stable at the time the user opening the door. 

The drawer support is located on the base of the cabinet and it can be outstretched by the user 
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before opening the door to avoid the cabinet falling down and hit the user. There is a small notch 

on the front of the drawer to make it continent for the user to pull it. The user can push it inside 

after closing the door so that it will not influence the user to operate the computer. 

 

 

 
Figure 4.8.8 Drawer support 

Compared to these two concepts, the feet support can be bought by the case company and they 

will not cost a lot, and they are also convenient to users since they don't have to operate them 

frequently. For the drawer support, the company has to produce it themselves and it is not 

convenient to the users since they need to outstretch it before opening the door and they should 

push it inside after closing the door. Therefore, the first concept has more superiorities compared 

to the second one.  
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5. Discussion and conclusion 
In this chapter, the discussion will be elaborated to display the whole process of the project and 

the conclusion will be made to summary the result of this project. 

 

This project begin with the phenomenon that the current computer monitor’s thickness reduced 

and the CPU became smaller, so that the company began to consider of reducing the 

manufacturing cost according to this situation. How to reduce the manufacturing cost according to the 

reduction of the computer monitor and CUP’s size became the main problem of this project. 

 

At beginning, we searched for references books which are related to the project and they can 

provided the guideline to this project. After that we made our own theoretical structure for 

directing the process of application. 

 

The empirical findings is always important to provide inspirations to a design. We did a 

numerous of researches among the case company, the competitive companies and some other 

relevance fields and some of these experience were taken as references for this project. 

 

We began the application after these preparation. The application was proceeded by following 

the theoretical structure. It began with defining the problem to lead the orientation of the project. 

The voice of customer was also collected to define the objectives from the customer’s 

perspective. Since the case company produces both stand cabinets and small size cabinets (table 

cabinets and wall-hanging cabinets), we have made three concepts for the stand cabinets and 

three concepts for the small size cabinets and finally selected a concept for each type of cabinet 

respectively according to the company’s wish. Through talking over with the case company, we 

focused on reducing the manufacturing cost of the stand cabinet by reducing the depth of the 

cabinet and the thickness of the plates and shelves in embodiment design. A verification was also 

done to make sure the design was valid and the security indemnification was provided as an 

option to make the cabinet safer.   

 

In conclusion, after doing some investigations of  the size computer monitor and CPU, the depth 

of  the cabinet was reduced from 580mm to 300mm, the thickness of  the plates were reduced 

from 1.5mm to 1mm and the thickness of  the shelves were reduced from 3mm to 2mm.  

 

We calculated how much manufacturing cost it will reduced compared to the original one as well, 

and the reduction of  the cost is 503SEK for each cabinet and the company was satisfied with this 

result. 

 

We have made a prototype with 3D drawing in Solidworks to show the general looking of  the 

cabinet. After that, we did some calculations and simulation to check the stability of  the cabinet 

with new dimensions. We calculated if  the cabinet will fall down when the door opened with an 

angle of  90 degree and we did the simulation test to see if  the shelf  will break to support a 6kg 

computer monitor. We also reduced the thickness of  the keyboard support and it may cause 

some flexible problems, as well. Of  course the screws which connect the keyboard support and 

the door will not break, but still, when users use the keyboard, the keyboard will bob to some 

extent. However, it’s hard to measure the exact oscillation that caused on the support but we 

recommended that when users feel the oscillation from the keyboard support, they should reduce 

the strength that they exert to the support.  

 

To guarantee the optimized cabinet is safe enough, we also provided two methods as options for 

the company to make sure that even though the user opens the door of  cabinet vigorously, the 

cabinet will not fall down and hurt the user. 
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This project mostly fulfilled the requirements from the case company, however, some 

improvements can be made for the project: It is better to make a real cabinet so that the test 

result can be more convincing than calculations and simulation. And it is better to make more 

investigations for the product and maybe some better methods can be find so that more 

manufacturing cost can be reduced. 
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6. Recommendations 
 

For this project, we have some recommendations to the company which can make their product 

better and we also have recommendations to the users to avoid abusing the cabinet. 

 

Some new methods can be used to fulfill the functions of the cabinet as shown in conceptual 

design, they were not applied in this project but they can be good options for the company to 

consider of their future products. 

 

As we calculated above, the total manufacturing cost can be reduced by 503 SEK, therefore, the 

selling price can be reduced by 200 SEK to make the cabinet more competitive to attract more 

customers. 

 

The feet as we mentioned in chapter 4.8 can be used as an indemnification to the users. 

 

For the users, we recommended that they open the door gently so that the cabinet will not fall 

down and hit them. 

 

When users use the keyboard, the keyboard will bob to some extent, we recommend that when 

users feel the oscillation from the keyboard support, they can reduce the strength that they exert 

to the support. 
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