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ABSTRACT 

Infotiv is a technology consulting company operating in several cities in Sweden with 

headquarters in Gothenburg. They also conduct certain in-house projects, including a 

collaboration with RISE where the vision is to develop a self-driving vehicle in the form of a 

go-kart. 

Infotiv has recently started a mechanics department where they offer services and consultants 

in mechanical design. They therefore have a need to find a suitable tool for solid modeling. 

The market for tools for solid modeling is today very widespread and it is expanding more 

and more. The aim of the project is therefore to make an analysis, which tool is best suited for 

prototype contexts with complex geometries in small to medium-sized companies. 

Once the most suitable tool has been identified, a verification of this is performed by 

designing consoles for equipment for the go-kart mentioned above. 

After a market research and testing of candidates, it was determined that Fusion 360 was the 

tool that best suited the target group due to its low cost and high user friendliness. With this 

knowledge, an education was made to ensure a smooth transition of the existing tool at the 

company to Fusion 360, without major knowledge gaps. 
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DESIGNATIONS 

Term  Definition 

CAD Computer Aided Design, a tool for digital designing. 

CAM Computer Aided Machining, a tool for digital processing. 

FEM Finite Element Method, a tool for digital simulations. 

CPU Central Processing Unit 

GPU Graphics Processing Unit 

RAM Random Access Memory 

.stl File format for 3D-printers 

STEP File format for CAD-files. 
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1. INTRODUCTION 

This chapter introduces the project where the background, purpose, limitations, and 

clarifications of the issue are presented. 

 

1.1 Background 

At present, there are many interesting tools for design and Infotiv wants to investigate which 

best suits their needs. Therefore, a tool analysis will be carried out where tools are evaluated 

according to solid modeling, license cost and compatibility. The tool should be suitable for 

small to medium-sized companies, which is the target group for this project.  

Today, when choosing a tool for a company, it is often based on which tool has been used 

before and which tools well-established companies use. It is difficult for companies today to 

choose tools for CAD as the market around these has expanded greatly in the last decade and 

the chriteras for evaluation have not yet clearly been defined. Choosing the right tool for a 

business is essential to reduce time and licensing costs. It does not exist any clear process 

when choosing tools, as everyone values different features. A systematic way of choosing 

tools will therefore be investigated. 

The analysis will result in a recommendation of a tool for the target group. A verification of 

the recommended tool is performed by designing chassis components for a go-kart. The 

components consist of brackets and consoles for ultrasound, radar, battery holder, moodlight, 

camera and computers. The go-kart will act as a test vehicle for analyzing various equipment 

and software, it is shown below in figure 1.1. The purpose of the verification is to test the tool 

and check that all requirements and wishes are met. 
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Fig.1.1 The go-kart that consoles will be constructed for. 

 

1.2 Purpose 

The assignment consists of two major parts. The first part contains a tool analysis. The idea is 

to analyse the pros and cons, with tools for prototype development in small to medium-

sized companies and finally recommend a tool for the target group. The tool will be used for 

design, FEM-calculation, and solid modelling. The selected tool must not be 

overpriced compared to content and be user-friendly and intuitive as well. 

The first part also includes a tool education, for the employees at Infotiv, will also be made. It 

should contain instructions on how the selected tool work as well as some information to 

increase understanding.  

In the second part, design for the chassis will be carried out, more precisely brackets and 

consoles for the equipment required for self-driving (radar, camera, etc.). The purpose of the 

designing is to verify the choice of tool. 

 

1.3 Clarification of the issue 

Infotiv wants to investigate which tool best suits their needs and therefore needs an analysis of 

the existing tools on the market. The analysis should end with a recommendation on a tool for 
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the relevant target group and thus reduce both time consumption and licensing costs. The new 

tool will be implemented in the company with the help of an education. 

Internal Deliveries consists of a matrix including the tool analysis, a tool 

education document, to educate employees in the chosen tool, as well as prototypes and/or 

CAD-model for chassis. These are listed in table 1.1 below. 

Tab.1.1 Deliveries for the project. 

#  External Deliveries  

1  Bachelor Thesis  

   Internal Deliveries  

2 Development of evaluation criteria 

3 Matrix with recommendation of suitable CAD-tools  

4 Tool education document  

5 Prototypes and/or CAD-model for camera console 

6 Prototypes and/or CAD-model for battery holder 

7 Prototypes and/or CAD-model for radar console 

8 Prototypes and/or CAD-model for ultrasound console 

9 Prototypes and/or CAD-model for mood-light console 

10 Prototypes and/or CAD-model for computer console 

   Project Deliveries  

11 Risk Assessment  

12 Timeplan  
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1.4 Limitations 

When analyzing and verifying tools, “test versions” may be forced to be used, which may not 

include all the functions and/or the access to the tools is time limited. The projects time limit 

consists of 400 hours/person, which corresponds to 20 hours/week. The analysis compares 

and evaluates the tool's functions in solid modeling. Surface modeling and other functions 

such as CAM and FEM are not evaluated more than the availability. 
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2 THEORETICAL REFERENCE 

This chapter presents the theoretical background on which the work is based. 

 

2.1 Computer Aided Design 

To ensure the best results during product development and new designing, modeling is an 

absolute necessity. With the help of models, you can show results for all involved in the 

process, such as the product developers, customers, and the people responsible for 

manufacturing. 

Since the 1980s, computer-based models have been completely dominant in the work of 

product development and innovation at manufacturing companies. This is called CAD 

(Computer Aided Design) where you design the desired geometries and shapes in a computer 

program. This revolutionized the manufacturing industry when it was possible to go from 

only making drawings with 2D views to seeing the entire product in 3D [1]. 

Within CAD, there are three main areas of use. These are solid modeling, surface modeling 

and drawings. Solid modeling is by far the most common in the manufacturing sector and is 

based on the desired geometry being developed in steps. Unlike subtractive manufacturing, 

where material is removed until you reach the desired shape, you instead start with nothing 

and add material until the desired shape is reached. This is done by drawing a closed 

geometry on a plane, a sketch, which is then extruded into space to create a volume (this is 

shown below in figure 2.1). The extrude can either add or remove material. In solid modeling, 

there are also many other functions that make it easier for the user to carry out the desired 

action. An example of such a function is fillet where you select a border on a body and specify 

which radius it should be rounded with, then the radius automatically follows the entire line, 

even if it is curved [1]. 
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Fig.2.1 A sketch (left) which is extruded into a volume (right) in Fusion 360. 

 

When several objects are created, these can then be assembled inside the program as an 

assembly. Then you can easily see if any piece’s clashes, if something needs to be adjusted 

and how the kinematics work in the complete product. In this way, you save large costs by not 

having to make prototypes to see how the pieces fit together. 

Surface modeling is common for e.g., industrial designers, filmmakers, and game developers. 

The working method is that you set out points which you then connect with a curve. Different 

curves can then be linked together to create surfaces. In this way, you can create very 

complex surfaces that are difficult to reach with traditional straight lines and circle segments 

[1]. 

Drawings are also used on a large scale in CAD. Usually, the detail is first designed in solid 

modeling and then used as a basis for drawing. Then you can easily choose which views to 

show in the drawing. Functions for dimensioning and tolerances are available to a large 

extent. Tools for sectional views and exploded views are also available. Today, it is almost 

customary to use CAD for drawings as it saves an enormous amount of time [1]. 
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2.2 Additive manufacturing 

In manufacturing, additive manufacturing is a very hot topic. The advantages of additive 

manufacturing are many, including the fact that you do not need expensive tools, the process 

from 3D model to physical product is very quick and the cost of production is much lower. 

The definition of additive manufacturing is "a process of joining materials to make objects 

from 3D model data, usually layer upon layer, as opposed to subtractive manufacturing 

methodologies" [2]. Thus, additive manufacturing is based on adding material from the 

ground up, instead of traditional manufacturing where you remove material until you reach 

the desired geometry. 

The process from 3D model to finished product can be divided into different steps. First, a 

digital model of the product, which is done in CAD, is needed. This model must be processed, 

either in an external tool or in the CAD tool, to generate instructions on how to manufacture 

the product in the printer. This model then needs to be converted to a file format that the 

printer can read. The file is then sent to the printer via a network connection or a memory 

card. The printer then manufactures the product through the method for which the printer is 

adapted. After printing, the item is removed from the printer and any support that has been 

built for the structure is discarded. This is followed by any finishing and quality assurance [2]. 

In additive manufacturing, there are seven different techniques for the manufacturing itself. 

These are vat photopolymerization, material extrusion, material jetting, powder bed fusion, 

binder jetting, directed energy deposition and sheet lamination. The technology used to make 

go-kart consoles in this project is material extrusion, and the material to be used is ABS 

thermoplastic polymer. This is a process where the material (mainly thermoplastics) is fed in 

wire to a nozzle where it is melted and then applied to a bed. The printer places layer upon 

layer until the entire product is finished [2]. The printer currently used by Infotiv can be found 

below in figure 2.2. 
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Fig.2.2 The printer currently used by Infotiv. 
 

2.3 Kesselring matrix 

When screening concepts or ideas in product development, different matrices are often used, 

including the Kesselring matrix. When using these matrices, all criteria on the product are 

listed which are then weighted on a scale, e.g. 1-10. The concepts are listed and how well they 

meet the respective criteria. These two numbers are multiplied to give a score on each 

criterion. When all criteria have been awarded a point, these are summed up to see which 

concept receives the most points and thus is the winning concept [1]. This method is used to 

objectively compare the tools. An example of a Kesselring matrix is shown below in table 2.1. 

Tab.2.1 Example of a Kesselring matrix. 
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3 METHOD 

This chapter presents the methods used in the project. 

 

3.1 Time Plan 

For the project to continue as planned and minimize the risk of disruptions, a time plan is 

made at the beginning of the project. This specifies what should be done each week and 

clearly indicates any deadlines. The schedule is presented in a table, preferably in Microsoft 

Excel. In this way, it is easy to observe at an early stage if a certain part of the project takes 

longer to complete than planned and actions can be taken immediately. 

 

3.2 Requirements specification 

The requirement specification is created to easily get an idea of what requirements and wishes 

are set for the technical solution. This is done so that both parties, i.e. the developers and the 

clients, agree on the requirements that the project includes. A requirement specification 

consists of descriptions of requirements and wishes, these are obtained from the clients in 

collaboration with the developers. 

 

3.3 Risk assessment 

A risk analysis is carried out to draw attention to potential hazards during the project so this 

can be avoided. In this way, a lot of time can be saved by avoiding problems that may arise 

and the parties involved are aware of the risks that the project entails. 

A table is created where all risks are listed and describes which people the risk affects if it 

should occur. Consequences if the risk occurs is also described and how devastating it would 

be on a scale from 1 to 3. Finally, preventive measures are described to avoid the problem and 

who is responsible for these actions. 
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3.4 Market research 

The market for CAD tools has recently developed and competition among tools is higher than 

ever as more and more tools achieve increased performance. Therefore, a market research was 

conducted, with the help of the internet, to see which tools are relevant in solid modeling. 

Each tool was examined regarding price, system requirements, access to support, if it includes 

other important functions and whether the tool offers a trial version or the like. All of this was 

implemented in a table. 

 

3.5 Evaluation by designing 

To compare different tools, each tool is examined separately to identify advantages and 

disadvantages. It can be advantageous to, through a test model, evaluate similar functions in 

all tools and thus obtain an objective assessment. 

 

3.6 Comparison of candidates 

To compare different tools, with the conclusions reached through the evaluation, a table is 

created to list all the advantages and disadvantages. These are then weighted on a scale of 1-

10 where 1 is least important and 10 is most important, and then multiplied by how well each 

tool met the problem on a scale of 1-10. All these advantages and disadvantages are then 

summed up to finally give each tool a score, where the tool with the highest score is the 

winner. 

 

3.7 Verification by designing 

To verify that the chosen tool is suitable for the target group, a verification is performed by 

designing components with the tool. In this way, the tool is further evaluated, and more time 

is given to identify possible flaws. 
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3.8 Education 

For the target group to be able to learn the selected tool quickly and smoothly, an education 

document is done where the user gets started with the tool and learns simple functions. In the 

education, a comparison between the chosen tool, Catia V5 and Creo is included to highlight 

differences in functions etc. 

 

3.9 Ethics, sustainability, and quality assurance 

From previous work within CAD, experience has been gained mainly from Catia V5 but also 

from both Autodesk Inventor and Autodesk AutoCAD. This means that the assessment of 

these is affected due to previous knowledge and experiences from the tools, either positively 

or negatively. 

The assessment of the tools have a risk of becoming subjective as the chosen method of 

comparison allows personal perception. A systematic evaluation is difficult to apply for this 

type of analysis because all users value different functions. 

The tools are evaluated according to their current versions, which are constantly updated. This 

means that the analysis may become obsolete after the tools have been updated or released 

new versions with new or improved features. 
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4 RESULTS 

In this chapter the results are presented. 

 

4.1 Time plan 

The schedule starts week 3, the start of the project. The time plan consists of gates and 

development phases. Development phases are divisions in the work and gates consists of 

meetings where the various development phases are approved to proceed with the project. To 

be able to move on and start with the next gate, you need to have the previous gate approved. 

This is done to find errors in the project as early as possible, so you do not have to redo 

unnecessary work. The project consists of nine different gates that are divided between week 

4 and week 19. The complete time plan can be found in appendix 1. 

 

4.2 Requirement Specification 

Below you will find user case, user stories and requirements. 

 

4.2.1 User Case  

Who is the user: Employee at Infotiv  

1. Infotiv is in the process of reviewing its license for solid modeling. To choose the tool 

that suits them best, in a market that has a lot to offer, they therefore look at the tool 

analysis that recommends tools for small to medium-sized companies in a prototype 

context.  

2. The employee wants to learn the new tool for solid modelling, and therefore studies 

the tool education document. In no time, the user has gained knowledge and is ready 

to start working on his model. 
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4.2.2 User Stories 

Table 4.1 below lists all the user stories created for the product. 

Tab.4.1 User Stories  

User Story ID  User Story Description  

US001  

  

As an employee at Infotiv I want to gain knowledge about solid 
modelling tools with help from the matrix to choose the best tool for our 
company. 

US002  As an employee at Infotiv I want to be able to learn the new tool for solid 
modelling to expand my knowledge. This is achieved through 
an education where the selected tool is compared to two reference tools. 

US003  As an employee at Infotiv I want to test the selected tool by 
designing consoles for camera, radar, 
ultrasound, computer, moodlight and battery holder. 

 

4.2.3 Requirements 

Table 4.2 below list all product requirement, which are derived from the user case and the 

user stories mentioned in earlier sections. 

Tab.4.2 Requirements for the tool. 

Requirement ID  Requirement Description  

Req001  The tool must be able to model in 3D. 

Req002  The license cost must not be overpriced compared to content. 

Req003  The tool must be able to operate on Windows. 

Req004  The tool must be user-friendly and intuitive. 

Req005  The tool should be able to convert files to .stl. 
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Req006  The user shall be able to recreate consoles for camera, radar, ultrasound, 
computer, moodlight and battery holder using the education document in 
chosen tool. 

Req007  The tool must be able to import .CATProduct, .CATPart, .asm, .prt which 
is the file formats for Catia V5 and Creo (employees at Infotiv currently 
works in projects with these tools). 

Req008  The user shall be able to learn differences from the chosen tool, Catia V5 
and Creo. 

 

4.3 Risk Assessment 

During the implementation of the risk assessment, all possible risks that could arise during the 

project were listed. Risks that could affect the delivery of the project were, among other 

things, tools may have limited demo versions. "Who is at risk?" was asked to identify who the 

risk is affecting. In this case, the risk affects everyone involved in the project because the 

consequence of this would be that promising tools could be discarded. Existing control 

measures were listed to make it clear how to check if the risk has occurred or not. Then the 

risk was weighted on a scale of 1-3 where the scale means: 

1 - No judged customer impact 

2 - Risk for customer impact 

3 - Major functional or safety impact 

This assessment was made to determine if the risk is worth investigating or if it can be 

ignored. For tools may have limited demo versions, the risk factor was assessed as 2 because 

information about the complete tool is more difficult to obtain, but it is also not devastating 

for the project. Finally, the preventative measures and who is responsible for any action were 

listed. In this case, there are no preventative measures as it is not possible to do anything 

about the availability of demo versions, therefore no one is responsible for this action. 

The complete risk assessment can be found in appendix 2. 
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4.4 Market research 

A market research was conducted to find out which tools are on the market and which are 

relevant for this project. Information about these was collected in a matrix found in table 4.3 

below. 

The information gathered about the tools included cost, whether there is a possibility of a one-

time purchase and availability of demo versions or student versions on Chalmers computers. 

To get an idea of the tools user-friendliness and overall performance, reviews that users wrote 

about the tools were studied. These reviews were read on [3] and [4]. User-friendliness is 

meant how easy the tool is to learn and how simple the workbenches are, and overall 

performance means to what extent complex models can be designed. Each tool was given a 

score on a scale of 1-5 (1 = worst, 5 = best) in terms of user-friendliness and overall 

performance. The tools access to support was also examined where everything from forums, 

tutorials and exercises were noted, as well as whether the tool offers certification for users. 

The system requirements for the tools were also studied where operating systems, minimum 

and recommended CPU, GPU, RAM, and needed diskspace were specified. Finally, the 

availability of important basic functions in the tool such as drawings, 3D printing, FEM, 

CAM, standard components library, material library and the ability to export files to Catia V5 

and Creo were also checked. 

Fusion 360 was chosen for further evaluation because it got the rating 4 5#  in user-friendliness 

and 3 5# 	in overall performance. It also had all the basic features mentioned above and the cost 

was only 5200 SEK annually. Information about cost, system requirements etc. were taken 

from [5]. 

SolidWorks also had all the basic functions and received the same rating as the Fusion 360 on 

user-friendliness and overall performance and cost 16,200 SEK annually, which meant that 

this tool also were chosen for further evaluation. Information about cost, system requirements 

etc. were taken from [6]. 

Inventor, on the other hand, had no access to FEM or CAM, but received 4 5#  in user-

friendliness and 4 5#  in overall performance and had a cost of 28469 SEK annually and thus 
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was selected for further evaluation. Information about cost, system requirements etc. were 

taken from [7]. 

Creo was also chosen for further evaluation which also has all the basic functions and was 

assessed 3 5# 	in user-friendliness and 4 5#  in overall performance at a price of 27500 SEK 

annually. Information about cost, system requirements etc. were taken from [8]. 

Finally, Catia V5 was also chosen for further evaluation, which has all the basic functions at a 

price of SEK 38025 annually with 2 5#  in user-friendliness and 5 5#  in overall performance. 

Information about cost, system requirements etc. were taken from [9]. 

Thus, five tools proceeded to the next stage, which were Fusion 360, SolidWorks, Inventor, 

Creo Parametric and Catia V5. These tools also cover different price ranges, which were 

interesting for the evaluation. 

Information about cost, system requirements etc. for: AutoCad were taken from [10], Rhino 

[11], Onshape [12], Siemens NX [13], SolidEdge [14], Microstation [15] and Blender [16]. 
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Tab.4.3 The table of which the market analysis resulted in. 
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4.5 Evaluation by designing 

To evaluate the five tools that proceeded from the market analysis, modeling was done to 

compare the tools and find differences. The approach was to model the same design in all the 

tools to easily see which functions stood out from the rest. All consoles presented in chapters 

4.5 and 4.7 were already modeled by the company. At the same time as the verification of the 

tool was done, an improvement of already existing consoles would also be carried out. The 

consoles presented are thus improved versions of the previous ones. 

 

4.5.1 Camera console 

First, one of the consoles for the go-kart was made, the camera console. Pictures of this from 

the various tools can be found below in figure 4.1 as well as printed and mounted on the go-

kart in figure 4.2. Here it was decided to proceed with Fusion 360, SolidWorks and Creo and 

to eliminate Catia V5 and Inventor from the analysis. This is justified under heading 4.6.1.  

The console for the camera consists of four parts, a lower part with “wings” that are attached 

to the body, a “tower” that lifts the camera high, a house in which the camera is placed and a 

lid for the house. The lower part with “wings” is attached to the body with double-sided tape, 

the “tower” is mounted on the lower part using two M4 screws with nuts, the house is 

mounted on the tower using two M4 screws with nuts and the lid is attached to the house 

using friction. A complete drawing and an exploded view of the console is found in appendix 

3. 
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Fig.4.1 The camera console designed in (from left to right) SolidWorks, Creo, Catia V5, 
Fusion 360 and Inventor. 

 

Fig.4.2 The camera console mounted on the go-kart. 
 

4.5.2 Electric mixer 

To further evaluate the tools, a product with a complex design, an electric mixer, was 

designed. This product had such a complex design that made it possible to find weaknesses in 

the tools and compare them. After the design of the electric mixer, it was decided that Fusion 

360 is the tool that is best suited for the target group. This is justified under heading 4.6.2. 

Below are pictures of the electric mixer in the various tools in figure 4.3. 
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Fig.4.3 The electric mixer designed in (from left to right) SolidWorks, Creo and Fusion 
360. 

 

4.6 Comparison of candidates 

Here, differences between the tools are listed to then be able to compare and evaluate the 

tools. After designing a product, functions that separates the tools are listed in a matrix which 

are then scored to compare the tools. The point system works so that each function gets a 

score between 1-10, where 10 is very important and 1 is very unimportant. Then the tool's 

ability to solve this function is assessed on a scale of 1–10. The score from all functions is 

summed and then gives a final score that determines the tools that proceed to further 

evaluating, and eventually becomes the winning tool. When making this matrix, inspiration 

was taken from the Kesselring matrix. 

 

4.6.1 Advanced comparison, design of camera console 

After designing the camera console in Fusion 360, SolidWorks, Inventor, Catia V5 and Creo, 

a matrix was made to describe the differences in the tools. Differences found were, how to 

choose a desired view, how to see that a sketch is fully constraint, what happens if you 

overconstrain a sketch, how to work with several parts at the same time and which shortcuts 
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exist and how well do they work. How the tools solved the problem is described in the matrix 

to then give the solution a certain score. 

In addition, there are features that some tools lacked while others could do. These were; Are 

you able to extrude from offset of sketch? Are you able to "go back" in part and add features? 

The answer to these is either yes or no, where yes means 10 points and no means 0 points. 

Finally, the time was also considered for the total score, it was also set on a scale of 1-10 

where 10 is the fastest and the lower the score the tool gets, the longer it took to design the 

camera console. 

The tools total score then compared all functions. After that, price, if the tool includes 

FEM/CAM and user-friendliness based on personal opinions were also included. With all this 

taken into account, a final score is obtained for each tool where the highest point is the best 

tool, and the lowest point is the worst tool. SolidWorks got the highest score, Fusion 360 was 

second, Creo was third, Inventor fourth and last was Catia V5. The tools which proceeded to 

the next evaluation were SolidWorks, Fusion 360 and Creo, in addition to these, Catia V5 was 

also included. This is because it must be part of the education of the tool that is selected to 

then be able to compare functions. 

The matrix can be found in appendix 4. 

 

4.6.2 Further comparison, design of electric mixer 

The electric mixer was designed to be able to evaluate the tools even more than before as it 

has such a complex design. The evaluation was done in a similar way as for the camera 

console with a couple of differences such as timing each individual part, subassemblies were 

made, and a drawing was created in each tool. After each part or assembly, the time and the 

pros and cons were listed for each tool. This is shown in appendix 5. 

To get as fair comparison as possible, the evaluation was copied with points and functions 

from the camera console matrix. Problems that arose and functions that differed between the 

tools, during design of the electric mixer, were then added. The new functions added to the 

matrix were divided into designing of parts, assemblies, and drawings. The time for each 

subgroup is displayed to see what differentiate the different tools. In this matrix, the final 
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score is so high, in order for the tools time to stand out in the total score, this was weighted by 

30 instead of between 1–10. This was done because time is a very important factor when it 

comes to work in CAD. The matrix can be found in appendix 6. 

After all points were added up, the result was that Creo got 1205 points, Catia V5 got 1471, 

Fusion 360 got 1480 and SolidWorks got 1743. This means that SolidWorks got the most 

points and Fusion 360 was in second place. This total score does not consider the cost of the 

tool, which is also very important. Fusion 360 has a cost of 5200 SEK and SolidWorks has a 

cost of 16200 SEK. Fusion has 85% of the points that SolidWorks has, at a third of the price. 

With this in mind, Fusion 360 is the winning tool and is selected for verification. 

 

4.7 Verification by designing 

After Fusion 360 was concluded to be the tool that best suits the target group, the verifying of 

the tool began. This was done by designing consoles for equipment for the go-kart as the tool 

is intended for designing prototypes. A total of five consoles were designed which were then 

printed and mounted on the go-kart. These are presented below. One of these were the camera 

console which is presented under heading 4.5.1. 

When designing the consoles, it was important to consider where the equipment would be 

placed, as space was often limited. How the equipment was attached and how the cables 

would go were also to be considered. 

 

4.7.1 Console for battery holder 

The battery holder consists of one part that is attached to the left front of the go-kart. It holds 

two batteries. The battery holder is attached to a plate that is attached to the body on the front 

left of the go-kart. It is attached with four M3 screws. The batteries are standing on the plate 

and the battery holder holds the batteries in place. There are holes on the top of the battery 

holder which you can thread a band into to fasten the batteries, so they do not move upwards. 

The battery holder mounted on the go-kart are shown below in figure 4.4. A complete 

drawing of the console is found in appendix 7. 
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Fig.4.4 Console for battery holder mounted on the go-kart. 
 

4.7.2 Console for ultrasound 

The ultrasound consoles consist of six parts that is placed on the front, back, right front, left 

front, right back and left back of the go-kart. The ones on the front and back share the console 

with the radar. All the three on the back are mounted on the body, the one in front is mounted 

on the body and the ones on the right- and left front are mounted a chassis component. All the 

ultrasound consoles are attached with double-sided tape.  

The ultrasound in the front and back are sharing consoles with the radars where the ultrasound 

has a housing with two holes where the transmitter and receiver are to be placed. To prevent 

the ultrasound from coming loose, a lid is placed on the back. 

The ultrasounds on the right and left fronts are located on a chassis component. The housing 

is the same as in the front and back, but the lid is shaped to fit on the chassis. The lid angles 

the ultrasound, so it points horizontal and 45˚ to the sides. 

Finally, the ultrasounds on the right and left back are mounted on the body and use the same 

housing as all other ultrasounds. The lids on these are angled so that they follow the body and 

point horizontal at an angle of 45˚. 
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All ultrasound mounted and unassembled are shown below in figure 4.5, 4.6 and 4.7. 

Complete drawings of all the ultrasound consoles are found in appendix 8. 

 

Fig.4.5 One of the three ultrasound consoles mounted on the go-kart. 
 

 

Fig.4.6 One of the three ultrasound consoles mounted on the go-kart. 

 

 

Fig.4.7 One of the three ultrasound consoles mounted on the go-kart. Console for the 
radar as well. 
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4.7.3 Console for radar 

The console for the radar consists of two parts. One part that is mounted on the front body and 

one part that is mounted on the back body of the go-kart. The two parts share the console with 

the ultrasound. Both the one on the front and the one on the back are mounted using double-

sided tape. The radar is attached in a groove that is slightly larger than the side of the radar, 

this means that it will not be able to move in any direction while driving. The back of the 

console is angled so that the radar should point horizontal when mounted on the go-kart. Both 

the back and the front have the same design. The mounted radar is shown in figure 4.7. A 

complete drawing of the console is found in appendix 8. 

 

4.7.4 Console for moodlight 

The moodlight console consists of two parts. The first part is attached to a pipe at the back of 

the go-kart using a snap function and two M5 screws with nuts. The other part is mounted on 

the first in a groove and two M4 screws with nuts. The second part holds the moodlight stick 

and to hold this in place, two M4 screws are used which are screwed in and presses on the 

stick so that it cannot move vertically. The mounted moodlight console is shown in figure 4.8. 

A complete drawing of the console is found in appendix 9. 

 

 

Fig.4.8 The moodlight console mounted on the go-kart. 
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4.7.5 Console for computer 

There were so few opportunities for improvement for the computer console that it was 

decided to ignore it. There was also so much equipment mounted on the existing console that 

it would have been more work to replace the console than it would have been useful with a 

new one. 

 

4.8 Education 

After completing the design of the consoles, an education of the tool was accomplished with 

all the knowledge gained after designing. The education will be used by the company to 

educate employees in the new tool to ensure a smooth transition from the old tool to the new 

one without any major knowledge gaps. After completing the education, the user should be 

able to create and join projects, create parts with simple geometries as well as create 

assemblies. 

The education resulted in a theory chapter where important functions were explained, as well 

as a chapter with exercises where the user's knowledge was put to the test by designing parts 

which were then assembled into a product. 

With the help of the part and the assembly shown in figure 4.9 below, it was demonstrated 

how the following features are performed and used in Fusion 360: 

• Sketch: Most features require a sketch. This is a 2D drawing that you can then choose 

to extrude to a 3D volume. 

• Extrude: To extrude your sketch in space and thereby create volume, extrude is used. 

• Pattern: To repeat a feature, pattern is used. 

• Revolve: Revolve is often used to make cylindrical geometries. 

• Hole: Hole is often used to make holes, especially with threads. 

• Fillet: Fillet is used to round corners. 

• Chamfer: Chamfer is used to chamfer corners. 

• Sweep: To sweep a cross section around a curved line, sweep is used. 
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• Mirror: To copy a feature, you can use mirror. 

• Joints: To create constraints between the pieces, joint is used. 

 

Fig.4.9 The part and assembly used for the education. 
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5 DISCUSSION 

This chapter discusses the results of the work. 

 

5.1 Requirements 

In retrospect, we feel that the requirements we placed on the tool from the beginning, which 

are found in table 4.2. were reasonable. Req001, Req003 and Reg005 are met by the tool as 

the answer is only yes or no to these requirements. Req006 and Req008 were verified after a 

person with no previous experience of Fusion 360 managed to complete the education. 

Req002 and Req004 can be considered subjective because it requires some personal 

assessment. After our evaluation that resulted in matrices, the assessment was made that 

Fusion 360 was the tool that best meet these requirements. Req007 is fulfilled by Fusion 360 

because it can easily import files from both Catia V5 and Creo. Exporting files to these tools 

is also possible if this is done via STEP. Therefore, we find that the requirements specification 

is met for Fusion 360. 

 

5.2 Market research 

The market analysis went according to plan and we feel confident that we have found all the 

candidates. However, our way of measuring “user friendly” and “overall performance” has 

some room for improvement because these are only based on other people's reviews of the 

tools. At this stage of the project, as well as the schedule we had to follow, this was the most 

effective way to quickly assess these properties of the tools. The scale for these grades was set 

at 1-5 to give an overall view. In a best-case scenario, we would have liked to evaluate all the 

tools by ourselves, but the time did not simply exist. 

 

5.3 Evaluation by designing 

A rough screening of the market analysis led to five tools that we evaluated ourselves with the 

help of student- and demo versions. This led us to getting a much better picture of the tools as 
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we created our own perceptions and were not influenced by other people's reviews. By 

designing the camera console and the electric mixer, we noted the advantages and 

disadvantages of each tool that was listed in a matrix. All differences were weighted, and a 

score was given to the tools based on how well they met the problem. These weights and the 

points given to the tool are very personal and the total points then have a risk of not giving an 

objective comparison. The time it took to design the camera console and the electric mixer 

was very highly weighted, as in our opinion this is a very fair comparison as we perform 

exactly the same tasks in the tools. To compare the full potential of the tools, it would also 

have been desirable to design more complex geometries and evaluate more functions, again it 

was the lack of time that prevented us from this. It was intended to only design the consoles 

for the go-kart to evaluate the tools, but we realized that these had a lack of complex 

geometries and therefore we decided to design the electric mixer instead. 

 

5.4 Verification by designing 

When Fusion 360 was named the winning tool, the verification began by designing go-kart 

consoles. The design of these consoles was severely limited by the available space on the go-

kart as there was already a lot of equipment mounted. We had planned to design one console 

per week, which meant that the design had to be determined relatively quickly. All the 

equipment that the consoles would hold were available so dimensions on these were always at 

hand. 

After designing the consoles, these were also manufactured with the 3D printer that Infotiv 

uses. Some time was spent troubleshooting the printer as it did not always print as wanted. 

However, it was very fun for us to learn how to prepare a file for 3D printing and learn how it 

works. Due to the many consoles that were designed, it took a long time to print these, but this 

went relatively smoothly as it could be done partly outside working hours. Since all consoles 

were to be printed for use on the go-kart, this was something we had to consider when 

designing the consoles. We had to plan, for example, how support material could be removed, 

how the heating plate affects the surface and that the nozzle lays the plastic with a certain 

thickness that can be compensated with a little margin. 
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5.5 Education 

The education was made so clear that someone with basic knowledge of CAD could complete 

the education without major problems, this was also verified with a person without any 

experience of Fusion 360. The education demonstrated various functions and so on to be able 

to reach the required level of knowledge to redesign the consoles for the go-kart. Given that 

the go-kart is a real project, and the tool aims to function in a prototype context, the education 

was assessed to be at a reasonable level. 
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6 CONCLUSION 

The main task of this project was to analyze existing CAD tools on the market and in a 

systematic way recommend and present the advantages and disadvantages of different tools. 

This was done through several matrices where tools were screened and compared until a final 

tool was recommended for the specified target group. The winning tool in this case was 

Fusion 360 where the target group consists of small to medium-sized companies and the tool 

is intended for the design of complex prototypes. 

After completing the analysis, a verification of the tool was done by designing consoles for a 

go-kart. A total of five consoles were designed, manufactured and mounted on the go-kart. 

Since these consoles are prototypes for an in-house project, the verification was considered 

approved when the tool is to be used for this type of work. However, the console for the 

computer had to be leaved out because it did not add anything essential to either the 

verification or the go-kart. 

When the design of consoles was completed, an education for the tool was made. This 

education will be used internally in the company for employees with no experience in the 

tool. With the help of this education, the transition between the existing tool and Fusion 360 

will go smoothly. After completing the education, the user will achieve the level of 

competence required to recreate the consoles and similar geometries with the same type of 

complexity. 
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APPENDIX 

 

1. Time plan. 

 

 

 

2. Risk Assessment. 
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3. Drawings of the cameraconsole. 

 

Drawing of the base of the cameraconsole which is placed on the body. 

 

Drawing of the tower of the cameraconsole which is placed on the base. 
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Drawing of the house for the camera which is placed on the tower. 

 

Drawing of the lid for the house of the cameraconsole which is placed on the house. 



   
 

Department of Industrial and Materials Science 
CHALMERS UNIVERSITY OF TECHNOLOGY 

Gothenburg, Sweden 2021   39 
 

 

Drawing of an exploded view for the cameraconsole. 
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4. Advanced comparison, design of cameraconsole. 
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5. Design of electric mixer, pros and cons. 
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6. Further comparison, design of electric mixer. 

 



   
 

Department of Industrial and Materials Science 
CHALMERS UNIVERSITY OF TECHNOLOGY 

Gothenburg, Sweden 2021   46 
 

 



   
 

Department of Industrial and Materials Science 
CHALMERS UNIVERSITY OF TECHNOLOGY 

Gothenburg, Sweden 2021   47 
 

 



   
 

Department of Industrial and Materials Science 
CHALMERS UNIVERSITY OF TECHNOLOGY 

Gothenburg, Sweden 2021   48 
 

 

7. Drawing of the battery holder. 

 

Drawing of the batteryholder which is placed on the front left of the go-kart. 

8. Drawings of all the ultrasound and radar consoles. 
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Drawing for the ultrasound house which is placed on the sides of the front and back of 
the go-kart. 
 

 

Drawing of the lid of the house for the ultrasound which is placed on the front and back 
of the go-kart. 
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Drawing of the lid of the house for the ultrasound which is placed on the sides of the 
back of the go-kart. 
 

 

Drawing of the lid of the house for the ultrasound which is placed on the sides of the front of 

the go-kart. 
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Drawing of the house for the ultrasound and radar which is placed on the front and back of 

the go-kart. 

  

Drawing of an exploded view for the ultrasound console for the front sides of the go-
kart. 
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Drawing of an exploded view for the ultrasound console for the back sides of the go-
kart. 

 

Drawing of an exploded view for the combined radar & ultrasound console. 

9. Drawings of the moodlight console. 
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Drawing of the first part of the moodlight console which is mounted on the back of the 
go-kart. 

 

Drawing of the second part of the moodlight console which is mounted on the first part 
using the groove and two screws. 



   
 

Department of Industrial and Materials Science 
CHALMERS UNIVERSITY OF TECHNOLOGY 

Gothenburg, Sweden 2021   54 
 

 

Drawing of an exploded view for the moodlightconsole. 

 

 

 


