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Abstract 

Development of Industrial robots is becoming more expensive and time consuming over the 
years. A lot of costs are spent in the development, and so it is necessary to improve the 
conceptual design phase. 
 
This thesis is an object lesson that shows one of the multiple ways to improve the named phase.  
It basically consists on, using a CAD program, build a robot whose parameters have to be 
modified from a user interface. The parameters to change are the dimensions of the robot’s parts 
(morphology parameterization) and also the parts to use (topology parameterization), which can 
be chosen from a large library of different parts. 
 
Some parameters are changed so as the build robot has similar mass properties to a given one, in 
order to be able to do some tests with it and export the results to improve the real robot. For this 
reason, in the interface done there is also written some code to get the mass properties of the 
built robot. Even so, this thesis only shows how to do the named actions but it has not been done 
any kind of test. 



iv 
 



v 
 

Acknowledgement  

Several people have taken part in the realization of this thesis. They have contributed in one way 
or another and they deserve to be mentioned. 
First of all, I need to mention my supervisor Mehdi Tarkian, for his patience answering several 
questions, his help and his predisposition during all the thesis realization.  
Thanks also to my examiner, Johan Ölvander, for his attention and help, mainly in the beginning, 
when normally the first steps are the most difficult. 
Dr. Xiaolong Feng, from ABB Corporate Research, deserves also a special gratitude for his 
continuous attention during my four-day visit to Västerås. 
Special thanks also to my office mates, who have helped me always I have needed them, and 
who have a created a good working environment. 
I need to name also my friends and my family. They have not contributed directly to the thesis 
realization, but I have always received their support and their encouragement. 
 
Despite their contribution, if there is any error or unclear parts in the thesis, I assume it as my 
fault and I absolve them from any responsibility. 



vi 
 



vii  
 

Table of Contents 

1 INTRODUCTION .......................................................................................................... 1 

1.1 BACKGROUND .......................................................................................................... 1 

1.2 AIM  .......................................................................................................................... 1 
1.3 METHOD ................................................................................................................... 2 
1.4 LIMITATIONS  ............................................................................................................ 3 

2 THEORY ......................................................................................................................... 5 

2.1 PARAMETERIZATION................................................................................................. 5 

2.2 MORPHOLOGY .......................................................................................................... 6 

2.3 TOPOLOGY ............................................................................................................... 7 
2.4 VISUAL BASIC .......................................................................................................... 8 

2.5 MACRO ..................................................................................................................... 9 
2.6 API ......................................................................................................................... 10 

3 GENERAL DESCRIPTION OF THE ROBOT IRB 6640 ......................................... 11 

4 BUILDING OF THE ROBOT ..................................................................................... 15 

4.1 DISTRIBUTION OF THE ROBOT PARTS ...................................................................... 15 
4.2 SIMPLIFICATIONS .................................................................................................... 15 

4.2.1 Base .............................................................................................................. 16 
4.2.2 Stand ............................................................................................................ 16 
4.2.3 Lower arm .................................................................................................... 17 
4.2.4 Arm House ................................................................................................... 18 
4.2.5 Upper Arm ................................................................................................... 18 
4.2.6 Tilt house ...................................................................................................... 19 
4.2.7 Flange .......................................................................................................... 19 

4.3 DRAWING PROCESS ................................................................................................. 19 

4.3.1 MDF ............................................................................................................. 20 
4.3.2 MDC ............................................................................................................. 20 
4.3.3 MDS ............................................................................................................. 21 
4.3.4 MDA ............................................................................................................. 21 

5 USER INTERFACE BETWEEN MICROSOFT EXCEL AND SOLIDWOR KS . 23 

5.1 MORPHOLOGICAL PARAMETERIZATION .................................................................. 23 
5.1.1 Use the interface .......................................................................................... 25 

5.2 TOPOLOGICAL PARAMETERIZATION........................................................................ 26 
5.2.1 Use the interface .......................................................................................... 26 

6 COMPARISON BETWEEN THE CONSTRUCTED ROBOT AND THE RO BOT 
IRB6640 .......................................................................................................................... 27 

6.1 CRITERIA USED FOR THE COMPARISON ................................................................... 28 
6.1.1 Mass ............................................................................................................. 29 



viii  
 

6.1.2 Centre of mass coordinates .......................................................................... 29 

6.2 INITIAL DATA AND DATA RECEIVED  ......................................................................... 30 
6.2.1 Comparison .................................................................................................. 31 

6.3 FINAL DATA  ............................................................................................................ 31 
6.3.1 Comparison .................................................................................................. 32 

6.4 COMMENTS ABOUT THE FINAL ROBOT DESIGN ......................................................... 32 

7 CONCLUSIONS AND DISCUSSION ......................................................................... 35 

9 LIST OF REFERENCES .............................................................................................. 37 

10 ANNEX A ....................................................................................................................... 39 

11 ANNEX B ....................................................................................................................... 43 

12 ANNEX C ....................................................................................................................... 45 

13 ANNEX D ....................................................................................................................... 47 

13.1 DIMENSIONS ............................................................................................................ 47 
13.2 MASS PROPERTIES ................................................................................................... 47 

13.3 DELETE PARTS ......................................................................................................... 49 
13.4 INSERT PARTS .......................................................................................................... 49 



ix 
 

Figures and tables 

Figures 
 
Figure 1: morphology pyramid ........................................................................................................ 7 
Figure 2: topology pyramid ............................................................................................................. 8 
Figure 3: macro example ................................................................................................................. 9 
Figure 4. CAD model of the robot IRB6640.................................................................................. 11 

Figure 5. Axes of the robot ............................................................................................................ 13 
Figure 6: base's comparison .......................................................................................................... 16 
Figure 7: stand's comparison ......................................................................................................... 16 
Figure 8: Lower arm's comparison ................................................................................................ 17 
Figure 9: arm house's comparison ................................................................................................. 18 
Figure 10: upper arm's comparison ............................................................................................... 18 
Figure 11: tilt house's comparison ................................................................................................. 19 
Figure 12: flange's comparison ...................................................................................................... 19 
Figure 13: MDF ............................................................................................................................. 20 

Figure 14: MDC ............................................................................................................................. 20 

Figure 15: MDS ............................................................................................................................. 21 

Figure 16: MDA ............................................................................................................................ 21 

Figure 17: stand's drawing ............................................................................................................. 24 
Figure 18: initial robot, ABB robot and final robot ....................................................................... 32 
Figure 19: visual comparison between the initial and the final robots .......................................... 33 

Figure 20: Arm house and base drawings ..................................................................................... 45 
Figure 21: cylinder, motors and gearboxes drawings .................................................................... 45 
Figure 22: lower arm and flange drawings .................................................................................... 45 
Figure 23: stand drawing ............................................................................................................... 46 
Figure 24: tilt house and upper arm drawings ............................................................................... 46 
 
 
Tables 
 
Table 1: features IRB6640 ............................................................................................................. 12 
Table 2: table used to edit the MDS subassembly dimensions ..................................................... 24 

Table 3: got mass properties .......................................................................................................... 25 
Table 4: data received IRB6640 ..................................................................................................... 30 

Table 5: initial data built robot ...................................................................................................... 30 

Table 6: first comparison ............................................................................................................... 31 

Table 7: final data built robot ........................................................................................................ 31 

Table 8: final comparison .............................................................................................................. 32 

Table 9: MDF initial data .............................................................................................................. 39 

Table 10: MDC initial data ............................................................................................................ 40 
Table 11: MDS initial data ............................................................................................................ 40 



x 
 

Table 12: mass properties table ..................................................................................................... 41 
Table 13: MDF final data .............................................................................................................. 43 
Table 14: MDC final data .............................................................................................................. 44 
Table 15: MDS final data .............................................................................................................. 44 
 
 



1 
 

1 Introduction 
Development of Industrial robots is becoming more expensive and time consuming over the 
years. A lot of costs are spent in the development, and so it is necessary to improve the 
conceptual design phase. 
 
In this project, the goal is to construct a geometry model class of the ABB robot IRB6640 
variant, which is parametric. The morphology (shape) and the topology (number and type of 
geometry elements) are able to be modified with parameters, which are edited from a user 
interface. In this project the user interface used is Microsoft Excel. 
 

1.1 Background 

The word “robot” has been used since almost one century ago. It appeared for the first time in 
Karel Capek’s play R.U.R. (Rossum’s Universal Robots). This man was a very influential Czech 
writer, and maybe for this reason it is believed that he was the first person who used that word. 
However, some investigations have showed that the idea came from his older brother Josef 
Capek, a painter, who proposed him the word “robot” (derived from the Czech noun “robota”, 
which means “labor”) to call some kind of “artificial workers” that appeared in his play (1). 
 
After some years, the first industrial robot appeared. It was in 1954 when George Charles Devol, 
considered the father of the robotics, invented the first one, which was called “the Unimate”. 
Since then, robots have revolutionized the industrial workspace in some aspects (2): 

• Changing the product: robots execute applications with higher accuracy, precision and 
consistency; and so product quality improves. 

• Changing the environment: robots can handle toxic substances, do repetitive jobs, carry 
products and so on without stopping or tiring. Many workers have had to learn new tasks 
such as programming. 

• Changing the company: the return on investment for an industrial robot is substantial and 
quick. This is, among other reasons, because productivity increases, manufacturing costs 
are reduced and management control increases. 

 
Industrial robots are some of the products produced by the company ABB (Asea Brown Boveri). 
It is a Swiss-Swedish multinational corporation, resulted from the merge of ASEA (Swedish) 
and BBC (Swiss) on 1988. Its activity started around 120 years ago, and until 1978 they did not 
invent and launch their first industrial robot (3). 
 

1.2 Aim 

The aim of this thesis is constructing a robot similar to the standard version of the ABB robot 
IRB6640, using as less parameters as possible, in order to realize an analysis of its mass 
properties afterwards. These analyses consist basically on dynamic tests, which are not 
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performed in this thesis. Nevertheless, the realization of this thesis does not have sense without 
these tests. This fact has a clear justification, and it is that the company wants to do some 
simulations of dynamic tests using the CAD model of the robot. Then, the results of these 
simulations are compared to the results obtained from real tests with the real robot. 
 
If the results are enough similar, then the company will know that the results obtained with the 
CAD model are close to the results obtained in real tests. And this is very important, because it 
represents the emergence of a new tool to develop new concepts of industrial robots. With this 
tool the company will be able to know approximately which will be the behaviour of new robots 
constructing only a CAD model, without the need to build them and so saving important 
amounts of money. 
 
The need to use not many parameters has a clear justification: these parameters have to be 
changed in a determinate amount in order to do the analysis. So, the use of too many parameters 
would be too time-consuming while they are changed. 
 
The analysis of the mass properties basically consists on checking the mass properties of the 
constructed robot and comparing them to the original robot. If they are not enough similar, some 
parameters have to be changed to make the mass properties closer. When the difference between 
the mass properties is lower than a certain value it can be considered that the analysis has been a 
success. 
 
Also, the robot has to be able to be modified topologically. This means that some of its parts or 
components have to be able to be changed for other ones. For instance, one should be able to 
choose which motor he wants from a library of different motors. 
 
This robot can be used also for later studies, to try if changing some parameters the robot can 
have similar mass properties to other robots of the same family as IRB6640, and take advantage 
of this fact to try to do more tests with the other robots. 
 

1.3 Method 

The steps followed to do this thesis are named and explained in the next lines: 
1) Look for information about the main features of SolidWorks and Visual Basic. Basically 

it consists on look for all the necessary code to control different SolidWorks features, and 
look for all the modifications this code has to suffer in order to be compatible with 
Microsoft Excel. 

2) Practice the work to do constructing other kinds of robots more simple and testing if the 
code got is useful to do what is wanted. 

3) Analyze the robot which will be constructed: its main dimensions, shape, axes and so on. 
4) Decide the simplifications to do, trying to make it as simpler as possible but in the same 

time as more similar to the reality as possible. 
5) Construct the robot using SolidWorks. 
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6) Write the definitive interface to connect SolidWorks and Microsoft Excel. 
7) Decide the criteria to follow when comparing the mass properties. 
8) Compare the mass properties of the original robot and the robot constructed. 
9) Do some changes to improve the model and make it more similar to the original one. 

 
Normally, the initial estimations are inaccurate and so the 2 last steps have to be performed more 
times to improve the model (4), and they could be done hundreds of times, but once a certain 
level of similarity is achieved, the advantages obtained with more similar mass properties 
doesn’t compensate the effort invested in improve the robot. 
 
This is the method followed only for the morphology parameterization. For the topologically 
parameterization, the first 5 steps are the same. Then once the robot is built, one only has to write 
the interface to be able to change the different components, but in this case the target is not built 
a similar robot to another one given but just being able to choose among different configurations 
of some components. 
 

1.4 Limitations 

The first intention was to build a robot with similar mass properties to the ABB robot named 
before, and compare them. The mass properties to fulfil, in a determinate amount, were initially 
the mass, the position of the centre of gravity in the space, and the moments of inertia (taken at 
the centre of mass and aligned with the output coordinate system).  
 
However there were some setbacks in the moment to get the data: 

• The values of the parts’ moments of inertia were not received with the other mass 
properties data. This means that the robot constructed may not have similar inertias to the 
real robot. However, if one achieves to have similar parts’ mass and similar parts’ centre 
of gravity coordinates then the model is significantly similar to the real robot. 

• In the data received, the centre of mass coordinates of the different parts were given with 
different output systems than the output coordinate system used. 

o Another setback that belongs to this one was that this output coordinate system 
was not known, so it was not possible to transfer the coordinates from one system 
to the other. 

 
For this reason, the comparison process has to be adapted to the available means, sacrificing 
some precision, and having fewer proofs to affirm that both robots are quite similar. 
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2 Theory  
In this thesis it is explained how to do a morphological parameterization and also a topological 
parameterization, but before that some key words and important concepts must be explained. In 
this chapter some basic information is given. Basically it is useful because it gives a theoretical 
base to understand the work done. 
 
After these explanations, it can also be seen some useful information to understand better the 
way to construct an interface, and the way it works. 
 

2.1 Parameterization 

The American Meteorological Society defines the parameterization as the representation, in a 
dynamic model, of physical effects in terms of admittedly oversimplified parameters, rather than 
realistically requiring such effects to be consequences as the dynamics of the system (5).  
 
This definition of parameterization includes the word parameter, whose meaning has to be 
known also. This term (parameter) is used in different fields such as astronomy, electricity, 
statistics, crystallography and so on . This is why in the recent years it has been used to refer to 
any factor that determines a range of variations. The meaning of parameter in this report is a 
little bit more specific, and it is referred to any variable element that determines the features of a 
whole (6). 
Basically parameterization has two purposes (7): 

• From a practical point of view they enable predictions and / or simulations. This means 
that they are a mean to achieve an aim. 

• They encapsulate the understanding of physical interactions among processes and 
disparate scales. So, from another point of view parameterization is a route to 
understanding. 

 
A parameterization can be thought only as one empirical purpose, where understanding is the 
only requirement to represent a process in terms of large-scale variables, identifying on which of 
those variables the process depend. Then, the relation between the variables and the process can 
be identified only by experiments. The problem of this way to interpret the purpose of the 
parameterization implies that a bad understanding of the physical processes would make it less 
robust and so less intellectually satisfying.  
 
The most satisfying parameterizations begin almost always understanding correctly the 
importance of the process parameterization, followed by a proper hypothesis about the 
relationship between the explicitly simulated variables and the process in question, and 
concluding with the evaluation of the hypothesis formulated. Then, if the parameterization is a 
success, it can mean also a good understanding of the process. This means that the process of 
finding an ideal parameterization is related to the ability to understand the nature of the process. 
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A parameterization can also be thought as a whole of many physical hypotheses. In this case the 
confidence on the parameterization must be based on several tests against observations and / or 
simulations. 
 
Typically, parameterizations are based on simplified physical models, and they involve 
numerical parameters that have to be specified as input. Regarding these parameters, some can 
be measured and some cannot. 
 
The use of parameters than cannot be measured should be avoided, but sometimes the ignorance 
of which are these parameters makes people use them. It is possible to assign values to these 
immeasurable parameters, which can optimize the realism of the model results but in the same 
time it can introduce compensating errors. 
 
About the parameters that can be measured, of course they should be set to their measured 
values; even few times experience has showed that better results can be obtained departing these 
values. In these cases, what happens normally is that the error introduced by these parameters 
compensates (presumably) unknown errors in the model (7). 

2.2  Morphology 

When one talks about morphology in general, it is difficult to understand the actual meaning of 
this word. It has several meanings in several fields. However, when it is used in this thesis, it has 
the more general meaning of the word: the form or structure of anything (6). This means that in 
the following pages, when the word morphology will appear, it will be referred to the shape and 
the form of something (in this case a robot or some of its parts). 
 
Traditionally, CAD tools have been used in later phases in the design of industrial robots and, 
more recently, as a tool to help the engineers with outputs like weight, mass inertia, centre of 
gravity and so on. CAD modelling is sufficient to perform these kind of analysis even if it is not 
very efficient. 
 
However, it is interesting to insert a geometric model in an optimization model and also 
represent new types of robot concepts modifying the model efficiently. For these reasons, new 
ways to perform CAD modelling have to be explored. This geometric modelling can be divided 
into two categories, which describe the morphological level of it and reflect how to increase, 
reuse or replace the number of geometric objects in an effective way. 
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Figure 1: morphology pyramid 

Source: Design automation of industrial modular robots (8). 
 
Morphologic geometric objects can be divided in four stages (8): 

• Fixed objects: the shape of these objects cannot be changed. This means that they are 
static and that they have a fixed set of geometric output. The morphological value of this 
stage is null. 

• Parameterization: it is made on geometric objects whose values are able to change, and so 
that do not have a static set of output. However, there is not any relation between the 
geometric objects, and so it is only realistic to used models based only on 
parameterization in non-complex geometries cases. 

• Mathematical Based Relation: it is a way to reduce the number of input parameters by 
setting up relations between the geometric objects of a model. This can be done as it is 
shown in the figure 1: strictly mathematically. 

• Script Based Relation: using various programming languages provided (shown in the 
figure 1) the relations can be created. The main advantage of this stage is that non-
numerical parameters can be involved. 

 
It is important to notice that the Mathematical Based Relation and the Script Based Relation can 
be written directly on the CAD software but then it takes more time to update the geometry 
model when some relations are changed. 

2.3 Topology 

Using only morphological based models in the automatic design process has some shortcomings 
which are that the number of geometric objects is fixed during the simulation and also that a 
methodology on how to make the models reusable and/or replaceable in an efficient way is 
underdeveloped. So it is necessary to use a topological process. 
To understand it, it is necessary to know the meaning of the two following terms: 

• Template: an initial model to be re-instantiated. 
• Constraint: conditions which have to be satisfied by the initiated instances. 

In the following figure one can see different levels of instantiating geometries. 
 

Parameterization

Fixed Object
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b = 20

b

h
h = 10
b = 20

b

h

Script 
Based 

Relation

Mathematic Based 
Relation h

b
h = 10
b = 2*hh

b
h = 10
b = 2*h

h

if shape = ”sq”
{ h = 10, b = h }
else { h = 10, 
b = 2*h }

b

h

if shape = ”sq”
{ h = 10, b = h }
else { h = 10, 
b = 2*h }

b
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Figure 2: topology pyramid 

Source: Design automation of industrial modular robots (8). 
 
 

The topological pyramid has the following stages (8): 
• Automatic initiation: in this stage it is only defined the template, but not the constraint 

definition. So the created instances follow the template model and because of the missing 
constraint definitions are not able to be context dependent. 

• Generic initialization: there are produced constraint and template manuals, which contain 
complete construction procedures of the template and to which geometric features they 
are constrained to. Then the template can be initiated into different contexts manually 
thanks to these definitions. This fact makes the created geometric model to have a higher 
level of reusability. 

• Generic Automatic Initialization: this stage is achieved when, depending on user 
parameter input, the instances can be generated or deleted automatically by pre-defined 
functions. 

2.4 Visual Basic 

To write all the code to execute the interface between Microsoft Excel and SolidWorks, it is used 
Visual Basic. Visual Basic is a programming language developed by Microsoft, and it is based 
on the BASIC (Beginner's All-purpose Symbolic Instruction Code) language. In was one of the 
first products used for developing user interfaces providing a paint metaphor and a graphical 
programming environment. Using Visual Basic, programmers do not have to worry about syntax 
details, but they can add some code only using dragging and dropping controls, like buttons and 
dialog boxes, and defining later their appearance and behaviour. It has become the norm for 
programming languages since it was launched in 1990, despite now there are visual environments 
for several programming languages such as C, C++, Java and so on (9). 
 
Because of it was developed by Microsoft, Visual Basic is very used in the Office Pack, but it 
can be used also in other cases. This is the case of this thesis, where it is used to control 
SolidWorks. The code written is called “macro”, term that is widely described in the next 
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section. When it is used in SolidWorks, some commands are specific for it and they are 
described in its API, another term that is described in the following sections. 

2.5 Macro 

The macros are used to register the actions such as mouse clicks or choose a menu. Macros can 
be registered directly (recording the actions that are done) or can also be written manually. The 
creation of macros is done directly with a macros edition application such as Microsoft Visual 
Basic and it need the specific competences of the programming. This can be a very strong tool 
because it allows the user to take advantage of these kind of instructions to achieve a higher level 
of automation (10). 
 
An example of a macro can be seen in the following picture. In this case the macro is used to 
draw a sketch of a square and to extrude it. 
 

 
Figure 3: macro example 

Source: own elaboration. 
 

 
In this thesis it was necessary to build some macros. There are some ways to get the code used, 
but the most effective is a kind of combination of all of them, because sometimes some part of 
the code has to be changed in order to be able to work in other software. This means that the 
same code written on Microsoft Visual Basic have to be modified depending on if it is used, for 
instance, on SolidWorks or on Microsoft Excel. The ways to get the code are, among others, the 
following (11) (12): 

• Record the macro directly: there is a command on SolidWorks that allows the used to 
record all the actions he does, and get the code that contains them 

• Use the API help: it contains a library of all the code that can be used in SolidWorks and 
also some useful examples of the main requests. 

• External help: some help can be got from other people. For instance, from an internet 
forum one can get a lot of useful information about how to adapt the code so as it can be 
used on Microsoft Excel. 
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2.6 API 

Often software has problems to perform some kind of functions. It is not able to perform them by 
itself and it needs the help of other software. 
 
To accomplish this, the asking program uses a set of standardized requests, called API 
(Application Programming Interfaces), that have been defined for the program being called 
upon. Most of applications depend on the APIs of the underlying operating system to execute 
basic functions such as accessing the file system (13). 
 
The main problem of the API is that users cannot create requests because the software producer 
predefines them. 
 
In the figure 3 there can be seen some specific commands for SolidWorks such as “InsertSketch” 
which inserts a 2D sketch, in this case on the top plane because it has been selected with request 
“SlectByID2”. 
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3 General Description of the Robot IRB6640 
In the following lines one can read some information about the robot IRB6640 according to the 
ABB web page (14). 
 
The industrial robot IRB6640 is one of the several products manufactured by the company ABB. 
It is a good robot, thought to work under various applications such as material handling, machine 
tending or spot welding; but focussing on high production capacity. 
 

 
Figure 4. CAD model of the robot IRB6640 

Source: ABB website (14). 
 

There are different versions of the robot, depending on its arm length and handling capacity. In 
the thesis, the data used belongs to the model IRB6640-235, which is the standard version. Its 
main features or properties are the following: 

• It has 6 axes. 
• It can reach a height of 2,55m. Other versions of the robot can reach up to 3,2m. 

• It has a payload of 235kg so that it is suitable for many heavy material-handling 
applications. Other versions have lower payload. 

• It weights between 1310Kg and 1405Kg. 

• It is floor mounted, and the centre of gravity is at 300mm from it. 
• It can do a wrist torque of 1324Nm. 

• Extra loads can be mounted on the upper arm and on the frame of the axis 1. 
• Its supply voltage can be between 200V and 600V, at 50-60Hz. 
• It has a power consumption of 2,7KW. 

• It can bend backwards, which extends a lot the working range. 
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• It runs the second generation of TrueMove (ensures that the programmed path and the 
path followed by the robot are the same, regardless of the speed) and QuickMove (it is a 
self-optimizing motion control feature. Its function is keeping the cycle time at a 
minimum, ensuring maximum acceleration all the time). This fact means an important 
advantage because the robot is able to realize more accurate motions, which improves the 
process result and decreases the time needed to program the robot. 

• It has some passive safety features such as load identification, movable mechanical stops, 
EPS (Electronic Positions Switches) or a steel stiff structure. 

• Its installation and maintenance are quite easy. 
 

One can choose different available options depending on the working environment: foundry plus, 
foundry prime and clean room. The last ones are manufactured under special production 
procedures, tested and packed, in order to generate the minimum of particles. 
It is important to mention also its collision resistance. This is a great feature and ABB robots are 
well known for it. 
 
A description of its axes and their movement can be seen in the following table and pictures: 
 

Axis movements 
Working range 

IRB6640 
Working range 

IRB6640ID 
Axis maximum 

speed 6640 
Axis 1 Rotation +170° to -170° +170° to -170° 100-110 °/s 

Axis 2 Arm +85° to -65° +85° to -65° 90 °/s 
Axis 3 Arm +70° to -180° +70° to -180° 90 °/s 
Axis 4 Wrist +300° to -300° +300° to -300° 170-190 °/s 
Axis 5 Bend +120° to -120° +100° to -100° 120-140 °/s 
Axis 6 Turn +360° to -360° +300° to -300° 190-235 °/s 

*For IRB6640ID, axis 4 and 6 together have a working range of +300° to -300°. 

Table 1: features IRB6640 

Source: ABB website (14). 
 



13 
 

 
Figure 5. Axes of the robot 

Source: ABB website (14). 
 
As it is said before, that robot can be very useful in high production capacity applications. This is 
because the working range is greatly extended thanks to the possible use of different upper arm 
extenders and wrist modules, which allow the customization to each process. 
 
There are different versions called IRB6640ID, where the initials ID mean Internal Dressing. The 
main difference between these versions and the standard one is that the process cables are routed 
inside the upper arm, so that they follow every motion of the robot arm. Moreover, it has more 
advantages like longer and predictable lifetime of the dress pack, the robot is more compact, and 
reliable simulation of the dress pack motion. 

Axe 1 

Axe 2 

Axe 5 

Axe 6 

Axe 4 

Axe 3 

Axe 4 Axe 5 

Axe 6 

Axes 2 and 3 

Axe 1 
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4 Building of the Robot 
This is the first step in the realization of this thesis. The robot has to be build using de CAD-
program SolidWorks 2008 SP5.0, trying to follow a determinate distribution of its parts and 
sketches: MDF, MDC, MDS and MDA.  
 
One must be very careful while drawing the robot. Of course, some errors can be committed but 
all the work that will be done after this task will depend on the way the robot is drawn. This 
means that all the mistakes should be identified and repaired, and missing some of them means 
that all the later work will be useless and will have to be done again. 
 

4.1 Distribution of the robot parts 

When the robot is built, it is done as an assembly of different parts and sketches. To achieve a 
good level of automation, it is strongly recommended to divide the product geometry into 
different subassemblies. In these subassemblies, it is important to differentiate between the 
components and the structural parts of the robots, because depending on this fact the different 
parts will not belong to the same subassembly. There have been used four different of them, 
which are explained more deeply in the section 3.3, but are named in the following lines (15): 
 

• MDF (Master Datum File) 

• MDC (Master Definition Component) 
• MDS (Master Definition Structure) 

• MDA (Master Definition Assembled) 
 
It is important to know the difference between components and structural parts, to know in 
which subassembly they have to be assigned.  
Components normally are parts with static geometries, which use to suffer only topological 
modifications during the design process, where they are replaced rather frequently. Examples of 
components can be gears, motors, bearings and so on (15). 
All the other parts of the robot are structural parts, which normally suffer morphological 
modifications. These parts do not have static geometries, because they have to be modified in 
order to achieve a good lever of optimization in order to save material to produce them, and so to 
save money. 

4.2 Simplifications 

All the parts of the built robot are affected by some simplifications. Gears, motors and all the 
structural parts must be simplified, even the cylinder. In the following lines, the different 
simplifications of each part can be appreciated, with some comments and justifications about 
why these simplifications are done, and why some of them are not considered. 
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It is important to notice that these simplifications have been done with the MDA subassembly as 
a basis. This means that sometimes there can appear impossible geometries, like a motor 
floating, but that the only important thing to consider are the mass properties of the whole part 
that belongs to the MDA subassembly. 
 
The following pictures show the result of the simplifications for the different parts of the MDA 
subassembly. 

4.2.1 Base 

 

     
Figure 6: base's comparison 

Source: ABB website (14) and own elaboration. 
 
The base is a part that does not require a high level of accuracy, so most of its elements can be 
neglected and his final shape can be similar to the one showed in the figure 6. 
 

4.2.2 Stand 

 

     
Figure 7: stand's comparison 

Source: ABB website (14) and own elaboration. 
 
This subassembly contains several parts. It contains the stand itself, two motors, the cylinder, 
two gearboxes and the piston.  
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The piston is directly neglected because it is placed inside the cylinder and it is quite thin so it 
does not influence so much in the mass properties. 
 
The motors are approximated to prisms with a squared base, while the cylinder is approximated 
simply to a prism with a round base.  
 
Regarding the gearboxes, they are considered as a cylinder with a round base and a hole in the 
centre, like a ring. One can notice that in the IRB6640 there is only one gearbox while in the built 
robot there are two gearboxes. This is because the data received from ABB was calculated with 
this parts’ distribution, even that in the CAD part it was not shown in the same way. 
 
Finally, the stand itself has a similar shape to the original stand, and only the less significant 
elements are removed. 

4.2.3 Lower arm 

 

     
Figure 8: Lower arm's comparison 

Source: ABB website (14) and own elaboration. 
 
In this subassembly basically it can be seen the lower arm itself and one gearbox. Notice that the 
other gearbox is not included because it is already included in the stand part. 
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4.2.4 Arm house 

 

     
Figure 9: arm house's comparison 

Source: ABB website (14) and own elaboration. 
 
The arm house contains two motors and the arm house itself. 
 
The motors are simplified as the motors that belong to the stand, and in the arm house the details 
have been omitted following the same way as in the other parts. 
 

4.2.5 Upper arm 

 

 
Figure 10: upper arm's comparison 

Source: ABB website (14) and own elaboration. 
 
The main comment about this part is that it contains a motor inside. Comments about the 
simplification of the motor and the part have already been done in previous sections. 
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4.2.6 Tilt house 

       
Figure 11: tilt house's comparison 

Source: ABB website (14) and own elaboration. 
 
As the last section, the only comment to do is that this subassembly contains a motor, a gearbox 
and the tilt house itself. 
 

4.2.7 Flange 

       
Figure 12: flange's comparison 

Source: ABB website (14) and own elaboration. 
 
Finally, this last subassembly contains only one part (which is the flange) that has been 
approximated to a kind of disk. 
 

4.3 Drawing process 

As it has been explained before, the drawing process is extremely important. All the work that 
will be done after this process depends on it.  
 
Everything that is done during this process should be clear because more people could need to 
work on the drawing, and it is important that they spend as less time as possible to understand 
the different steps followed in the construction of the robot. 
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4.3.1 MDF 

 

 
Figure 13: MDF 

Source: own elaboration. 

The MDF (Master Datum File) is the 
first subassembly that has to be 
drawn.  
It is a skeletal file that contains wire 
frame geometry (primarily points, 
lines and planes). This geometry is 
used to locate key geometric features 
(16). In another way, one can say 
that it is a placement subassembly 
that shows where the different 
components (not structural parts) of 
the robot are placed (15). 
 

4.3.2 MDC 

 

 
Figure 14: MDC 

Source: own elaboration. 
 

The MDC (Master Definition 
Component) is the second 
subassembly to be drawn.  
It contains the different components 
of the robot: the cylinder, the motors 
and the gears (15). 
It is important to notice that there are 
six motors (which is a normal feature 
in a robot of six axes) but one can see 
only 3 gears. This is because some of 
the gears are not external but they are 
hidden inside a structural part. So 
there were a lack of information to 
know where the gears are placed and 
it was decided not to draw them and 
draw only the visible gears. 
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4.3.3 MDS 

 

 
Figure 15: MDS 

Source: own elaboration. 

The MDS (Master Definition Structure) 
is the third drawn subassembly. 
Basically it contains all the mechanical 
elements that are not components, which 
are the base, the stand, the lower arm, 
the arm house, the upper arm, the tilt 
house and the flange (15). It contains 
also the non-visible gears that have not 
been possible to include in the MDC 
subassembly. 

4.3.4 MDA 

 

 
Figure 16: MDA 

Source: own elaboration. 

The last subassembly to be drawn is the 
MDA (Master Definition Assembled). 
Combining different components and 
structural parts of the robot new parts 
are obtained, and the MDA is formed by 
these parts. Each one of them can be 
seen in the section 3.2 with detailed 
information about which elements form 
each part. Because of an abuse of 
language, they have received the same 
name as the MDS components. In the 
Solid Works file, where the robot is 
drawn, they have received the name of 
Link0, Link1, Link2 and so on. 
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5 User Interface Between Microsoft Excel and SolidWorks 
Once the robot is built, its parameters must be modified from a user interface. A user interface is 
an element that allows the user to communicate to the operating system, so some examples of a 
user interface can be menus of a computer system, a mouse, a keyboard and so on (17) (18). 
 
In this thesis, the user interface used is Microsoft Excel. This means that, to perform the 
morphological parameterization, all the dimensions of the robot must be edited from a Microsoft 
Excel sheet; and that, to perform the topological parameterization, the different components or 
parts to choose have to be chosen from another sheet. Also, some different mass properties of the 
robot have to be exported from SolidWorks to Microsoft Excel, to be able to read them easily 
than directly on SolidWorks. 
 
Basically two different files have to be created. From one file the morphological 
parameterization has to be done, and the topological parameterization has to be done from the 
other one. 
 

5.1 Morphological parameterization 

In the morphological parameterization one has to edit the dimensions of the robot and get the 
mass properties of it. These two actions must be done at the same time, which means that when 
one changes a parameter and updates the SolidWorks robot model, instantly the mass properties 
have to be obtained. 
 
First of all, it is necessary to edit the parameters of the robot from Microsoft Excel. To do this, 
some tables are created on an Excel sheet, one for each of the subassemblies MDF, MDC and 
MDS; where each cell corresponds to one dimension of the robot. Notice that no Excel sheet is 
created for the MDA subassembly. This is because every of its features depend on the other 
subassemblies.  
 
Then, through MS Visual Basic, one has to write all the necessary code to get the values from 
the cells and to send them to the active document opened on Solid Works. All this code is written 
inside an Excel CommandButton, and so the data is send to SolidWorks each time the 
CommandButton is pushed. 
 
The following picture is an example of one of the tables used. Some of the dimensions used are 
linked to other dimensions because they are used in more than one subassembly. For example, to 
edit the dimension L1 of the upper arm one have to edit the dimension H6 of the arm house. 
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MDS INPUT 

Base H1 H2 L1 L2 d      
 46,8 173,1 205,8 547,2 654,8      

Stand D1 D2 D3 D4 D5 D6 D7 D8 H1 H2 
 374,2 449,0 116,9 467,7 374,2 374,2 486,4 112,3 74,8 46,8 

LowerArm D1 D2 L1 L2 L3 L4 T1 T2   
 327,4 280,6 1005,6 280,6 205,8 140,3 18,7 9,4   

ArmHouse H1 H2 H3 H4 H5 H6 H7 D1 D2 D3 
 51,4 173,1 318,1 163,7 121,6 336,8 126,3 347,1 191,8 374,2 

UpperArm L1 L2 L3 L4 L5 L6 L7 L8 D1 D2 

 
H6_Arm 
House 

392,9 467,7 280,6 179,6 224,5 161,8 161,8 
D2_Arm 
House 

224,5 

TiltHouse D1 D2 H1 L1 L2 L3 L4    

 
L5_Upper 

Arm 
112,3 112,3 215,2 159,0 56,1 46,8    

Flange D1 L1         
 205,8 37,4         

Cylinder D1 L1 L2 A1       
 374,2 514,5 210,5 9,4       

Table 2: table used to edit the MDS subassembly dimensions 

Source: own elaboration. 
 
As it can be seen, all the dimensions are named with a letter and a number, or only with a letter. 
Because of this, when a value of a dimension is changed, one does not know which dimension of 
the robot is being changed. To solve this problem, some drawings of the different parts, which 
show which dimension correspond to each name, are attached in the excel sheet. The following 
picture shows one drawing example. 
 

 
Figure 17: stand's drawing 

Source: own elaboration. 
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All the tables used are attached in the annexes A and B. The values contained in these tables are 
normalized (see section 5.1 for more information). In the annex C there can be found the 
drawings of all the components and the structural parts. Moreover, in the annex D there are 
written some representative parts of the code used. 
Once the data can be sent to SolidWorks, it is necessary to create another table to receive the 
mass properties from each part of the MDA subassembly of the robot. This table is showed in the 
following picture, but it can be seen also in the annex A with the other tables used. 
 

MDA 
OUTPUT 

Mass Cx Cy Cz Ix Iy Iz Ixy Ixz Iyz 
Base           

Stands           
LowerArm           
ArmHouse           
UpperArm           
TiltHouse           

Flange           

Table 3: got mass properties 

Source: own elaboration. 
 
After the table is created, the only thing that must be done is adding some code to the one written 
before to get the mass properties in the correct cell of the table created. Also in this case, only 
some representative parts are attached in the annex C, with some comments about its content. 

5.1.1 Use the interface 

Once the interface is created, one can proceed to use it. In the end, the dimensions of the built 
robot and the original robot have to be compared. After, some dimensions of the original robot 
will have to be changed depending on the difference between the mass properties of both robots. 
 
Different criteria can be used to decide if one needs to change some dimensions because a 
determinate mass property is too different from the original one. In this case, a deep explanation 
about it can be seen in the section 6.1, where basically it is explained how some dimensions will 
have to be changed if the difference between a mass property of a part of both robots is higher 
than a certain amount. 
 
So, the process to follow when using the interface is quite simple: 

1) Press the CommandButton on the Excel sheet to update the SolidWorks model and to 
update the current mass properties table. 

2) Compare the new mass properties to the original mass properties. 
3) Check if the difference between some of them is higher than a certain amount. 
4) Change some significant dimensions to try to reduce the difference between the mass 

properties. 
5) Go again to the first step. 
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One can wonder which criteria have to be followed to decide which dimensions have to be 
changed, and in which amount. This is an objective decision that depends on the person who 
uses the interface. This user have to observe the current mass data, compare it to the IRB6640 
mass data, and decide which dimensions are necessary to change in order to make values of both 
robots’ mass properties closer. It is almost impossible to generalize and say which are the 
dimensions to change because this fact depends a lot on which mass properties have to be 
changed, on which parts have to be modified and so on. 

5.2 Topological parameterization 

In the topological parameterization, one has to be able to substitute some parts and components 
from other ones. Basically, it is interesting to change the parts responsible of the movement of 
the robot, which are the components (gearboxes and motors). This can be useful, for instance, to 
evaluate the influence of changing one motor for another one bigger or littler. 
 
In this thesis, it has been only possible to change the motors but not the gears. This is because of 
the way used to build the robot. Roughly, to change one component for another, one deletes the 
component and inserts the other. So, the main problem is that when a gear is deleted, a lot of 
errors appear because there are a lot of external relations between the gears and the structural 
parts of the robot. 
 
Because of this, in this chapter it is only explained how to do the topologically parameterization 
of the motors. Basically one has to draw the different motors and save them in a folder. Then, in 
an excel sheet there should be different command buttons to delete or to insert the different 
motors (two command buttons for each motor, one to insert it and another one to delete it). 
 
The code used to do this can be seen in the annex D with some comments about the main 
functions used. 

5.2.1 Use the interface 

It is quite easy to use this interface. Basically the only thing to do is press the different command 
buttons depending on which motor one wants to use, taking care of not doing some of the 
following actions: 

• Insert more than one motor or one motor that is already inserted. Even if the program 
does not give any kind of error, it makes no sense having two motors in the same place. 
One must take care because if one motor is littler than the other It can be hidden but it 
affects anyway to the mass properties, in the case they are tested, and so the obtained 
results are not as they should be. 

• Do not erase one motor that is not inserted. The program does not give any error in this 
case neither, but basically the user have to take care about which motors are used and 
which are not used, in order to have the correct number of motors all the time. 



27 
 

6 Comparison Between the Constructed Robot and the Robot 
IRB6640 

The main goal of this thesis is build a simple robot, which has to have similar mass properties to 
the ABB robot IRB6640. If one achieves this goal, some dynamic tests together with some 
analysis and improvements of the built robot can be done afterwards. 
 
The first intention was to build a robot whose parts had almost the same of the following mass 
properties to the original robot: 

• Mass. 
• Position of the centre of gravity (of course, using the same coordinate system). 

• Moments of inertia taken at the centre of mass, and aligned with the output coordinate 
system. 

 
However, after doing the comparison, it is difficult to affirm that the built robot is enough similar 
to the IRB6640 because of several setbacks suffered during the thesis realization.  
 
Mainly, the problems can be found in the data received about the original industrial robot, and 
can be summarized as the followings: 

• The inertias were not given. So, only comparing the mass and the position of the centre of 
gravity one has less information, and so there are less arguments to be sure of having 
built the robot in the proper way. 

• The output coordinate systems of the data given were not the same as the coordinate 
systems used to measure the data of the built robot. Moreover, these coordinate systems 
were unknown, and so it has not been possible to compare the position of the centers of 
gravity of the different parts in a proper way. 

 
Fortunately these problems have been solved in some way, but unfortunately they have been 
solved only relatively. 
The fact of not having the inertias is an unsolvable problem. The only think one can do is guess 
that having a similar mass and a similar position of the centre of gravity is enough to say that 
both robots are sufficiently similar. Actually, the features fulfilled are quite significant and so 
they can perfectly be enough to built a representative model of a real robot. 
Solving the coordinate systems issue requires a more complex solution, but it is also more 
reliable. CAD models of different robots can be downloaded from the ABB webpage, so a model 
of the industrial robot IRB6640 has been downloaded, and all the data regarding the center of 
mass position of its parts has been read from this file. Notice that these data have been obtained 
using the absolute coordinate system of the robot. 
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6.1 Criteria used for the comparison 

Achieve exactly the same value of the centre of gravity and the mass of the built robot and the 
ABB industrial robot is almost impossible. There will always be some differences, even if they 
can be little. 
The continuous modification of the parameters of the built robot through iterations will make the 
values of its mass properties each time closer and closer to the mass properties values of the 
ABB industrial robot. However, this process is time consuming and one has to decide to stop the 
iterations when the values are enough closer according to the chosen criteria. 
 
Different criteria can be used to decide when the iterations must be stopped: 

• One can compare two values, and calculate the percentage difference between them. 
Then, one has to decide which percentage difference is acceptable to say that the 
similarity between both values is enough to stop the iteration. 

• Or, the two values can be compared directly, calculating the difference between both. In 
this case, the decision that has to be taken is decide which can be considered as an 
acceptable difference between them. 

 
Before talking about which criteria have been used, and in which way, it is important to notice an 
important matter about the dimensions and about the mass. 
For obvious reasons, the real values of the IRB6640 mass and part’s centre of mass cannot be 
revealed. The coordinates of the base’s centre of mass (using the absolute coordinate system) are 
(0, Cy, 0) but in this thesis they have been taken as (0, 100, 0), and all the other coordinates have 
been normalized to the base’s centre of mass coordinates.  
For example, if the value of one coordinate is (40, 200, 20), its normalized coordinates will be: 
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For the mass value, the same preventive has been used, taking the mass of the base as 100 and 
normalizing the values of all the other parts to this one. 
So, it can be said that the centre of mass coordinates and the mass value of the base, of the 
industrial robot IRB6640, are the reference values along which all the calculations will be done. 
 
This last information given was quite important to decide which criteria must be used.  
It is not the same to compare the values of the mass and the values of the coordinates, because 
the mass has always positive values while the coordinates can take positive and negative values 
(or even a value equal to zero). For this reason different criteria must be used, and they are 
explained and justified in the following sections. 
 
In principle, it is better to use the first criterion (percentage difference) than the second one 
(absolute difference), because using this criterion the difference between two values is always 
the same, regardless if they have been normalized or not. However, depending on the values to 
be compared it cannot be used. 



29 
 

 
Also, it is necessary to comment one issue. In the following sections there are some tables about 
mass and dimensions of the different parts of the robot. It can be seen that the units of this 
variables are not showed. Actually, showing the units does not make much sense because these 
dimensions have been normalized, and so the values of the variables used are not their real 
values because they have been reduced or incremented in some measure. If the reader of this 
thesis wants to have an idea of these values, in the section 3 there are information about the 
IRB6640 robot. From the information showed in that section, the reader can deduce that the 
height of the robot is around 2m and that its weight is around 1300Kg. 
 

6.1.1 Mass 

To compare the mass of the different parts, the first criterion has been used. This means that it is 
calculated the percentage difference between two parts. It has been decided that the acceptable 
difference between the two values is 5%. 
To calculate this percentage difference, the following formula has been used: 
 

( ) 100%
6640

6640 ×
−

=
IRB

BuiltRobotIRB

Mass

MassMass
Difference  

 
It is important to notice that the mass’ values used in the formula are already normalized to the 
IRB6640 base’s mass. 
 

6.1.2 Centre of mass coordinates 

To compare the coordinates of the centre of mass, both criteria have been used, depending on the 
value of the dimension. 
For dimensions close to zero, it is difficult to have a low percentage difference. Variations of one 
unit in one dimension can imply a huge variation of the percentage difference between this 
dimension and the dimension of reference. For this reason, the second criterion is used when one 
is comparing two dimensions close to zero. 
However, when a dimension becomes higher and higher, one have to be more tolerant with its 
difference from the reference dimension. For this reason, for high values of the dimensions, the 
first criterion used is the first. 
 
It is important to create a border to decide which dimension is considered low to apply the first 
criterion, or when a dimension is considered high and so the second criterion have to be used.  
If one observes the normalized values of the centre of mass coordinates, it can be seen that the 
maximum value is around 2000 units. So, it can be considered that a dimension is close to zero 
when its value is lower than the 5% of 2000, which means that 100 is the border dimension 
between the two criteria. 
 



30 
 

Then, it has been decided that for dimensions lower than 100 units, a variation of 5 units will be 
allowed to consider that the value of the dimension is acceptable; while for dimensions higher 
than 100 units, the variation allowed will be 5% (it will be calculated in the same way as it is 
explained in the previous section). 
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6.2 Initial data and data received 

In the following table it can be seen the data received (normalized mass and normalized centre of 
mass coordinates) from ABB about the mass properties of the real robot. 
 

IRB6640 
OUTPUT 

Mass Cx Cy Cz 
Base 100,0 0,0 100,0 0,0 

Stands 452,7 -11,0 528,2 – 36,9 
LowerArm 107,6 297,9 1 099,6 – 109,6 
ArmHouse 167,2 256,8 1 864,8 20,2 
UpperArm 123,7 805,9 1 922,4 – 7,0 
TiltHouse 32,0 1 403,2 1 922,4 1,9 

Flange 4,8 1 537,0 1 921,4 – 0,5 

Table 4: data received IRB6640 

Source: own elaboration using the data received from ABB. 
 
In the next table it can be seen the data of the built robot before doing any kind of modification 
of its parameters. 
 

MDX 
OUTPUT 

Mass Cx Cy Cz 
Base 100,2 – 161,3 93,6 0,0 

Stands 289,6 – 40,3 574,8 – 66,2 
LowerArm 189,3 299,3 1 150,8 – 112,3 
ArmHouse 41,1 217,9 1 802,7 23,5 
UpperArm 39,7 999,9 1 866,2 – 12,8 
TiltHouse 5,3 1 428,0 1 866,2 – 14,0 

Flange 1,3 1 552,9 1 866,2 – 14,0 

Table 5: initial data built robot 

Source: own elaboration. 
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In the annex A, tables of all the parameters used can be seen. It is important to notice that the 
parameters have also been normalized. 

6.2.1 Comparison 

Comparing the tables following the criterion decided before, one can see the differences between 
both robots in the next table. 
 
 

Difference 
OUTPUT 

Mass Cx Cy Cz 
Base 5,5 % 161,3 6,4 % 0,0 

Stands 70,9 % 29,3 8,8 % 29,4 
LowerArm 79,3 % 0,5 % 15,2 % 2,5 % 
ArmHouse 76,8 % 15,2 % 3,3 % 3,3 
UpperArm 69,0 % 22,4 % 2,9 % 5,8 
TiltHouse 84,5 % 1,8 % 2,9 % 15,9 

Flange 74,7 % 1,0 % 2,9 % 13,6 

Table 6: first comparison 

Source: own elaboration, calculated using data received from ABB. 
 

6.3 Final data 

After having changed some dimensions, the data of the built robot has been updated, becoming 
the data that can be seen in the following table. 
 

MDX 
OUTPUT 

Mass Cx Cy Cz 
Base 69,3 0,3 99,3 0,0 

Stands 265,8 -14,0 549,4 -32,3 
LowerArm 230,2 299,3 1 150,8 -112,3 
ArmHouse 42,7 253,0 1 773,2 22,1 
UpperArm 35,2 837,7 1 847,5 -2,3 
TiltHouse 8,8 1 340,3 1 847,5 0,0 

Flange 1,3 1 524,8 1 847,5 0,0 

Table 7: final data built robot 

Source: own elaboration. 
 
Now, comparing the values of the data of the tables 4 and 7, it can be seen that the values are 
more similar than comparing the same values of the tables 4 and 5. 
The final values of all the parameters of the robot can be seen in the Annex B. In this case, of 
course, these values have also been normalized. 
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6.3.1 Comparison 

Comparing the last values obtained to the normalized data received, the differences between both 
robots have changed considerably. Now they are more similar and the data can be seen in the 
following table. 
 

Difference 
OUTPUT 

Mass Cx Cy Cz 
Base 1,9 % 0,3 0,7 % 0,0 

Stands 1,4 % 3,0 4,0 % 4,5 
LowerArm 0,7 % 0,5 % 4,7 % 2,5 % 
ArmHouse 3,6 % 1,5 % 4,9 % 1,9 % 
UpperArm 3,4 % 3,9 % 3,9 % 0,5 % 
TiltHouse 2,4 % 3,2 % 3,9 % 1,9 % 

Flange 1,1 % 2,3 % 3,8 % 0,5 % 

Table 8: final comparison 

Source: own elaboration, calculated using data received from ABB. 
 
Observing the table 8, one can say that the objective has been achieved because all the 
percentage differences are lower than 5% and the unit differences are lower than 5 units. 
 

6.4 Comments about the final robot design 

     
Figure 18: initial robot, ABB robot and final robot 

Source: ABB website (14) and own elaboration. 
 
In the figure 18 one can compare the different robots that have appeared in the thesis. The first 
one is the first built robot, which was built trying to fulfill the main dimensions of the second 
one, the ABB robot IRB6640. Finally, the third picture corresponds to the final robot which has 
similar mass properties to the second one than the first.  
 
To compare in a better way the most visible differences between the first robot and the third, one 
can observe the figure 19. The main differences can be seen in the base, whose shape has 
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changed considerably; and in the upper arm, which is quite thicker. The stand has also changed: 
de size and the position of the motors, the position of the gears and the diameter of the cylind
The other parts have also suffered some changes, but they are difficult to appreciate with a naked 
eye.  
 
Finally, it is important to notice that the density of the parts of both robots is not the same 
because of the need to have the same parts’ mass a
the density was the default value that the program gives automatically to the parts (
However, the parts of the robot are made with 
So the densities of the different parts have to be increased to fulfill the mass values, but up to a 
value not as high as the density of the material. This fact has an easy justification, and it is that 
the real parts are not solid but they have holes inside for cabl
 

Figure 19: visual comparison between
Source: own elaboration. 

changed considerably; and in the upper arm, which is quite thicker. The stand has also changed: 
de size and the position of the motors, the position of the gears and the diameter of the cylind
The other parts have also suffered some changes, but they are difficult to appreciate with a naked 

Finally, it is important to notice that the density of the parts of both robots is not the same 
because of the need to have the same parts’ mass as the original industrial robot.
the density was the default value that the program gives automatically to the parts (
However, the parts of the robot are made with metal, which is a material with a higher density. 

ities of the different parts have to be increased to fulfill the mass values, but up to a 
value not as high as the density of the material. This fact has an easy justification, and it is that 
the real parts are not solid but they have holes inside for cables and also to save material.
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changed considerably; and in the upper arm, which is quite thicker. The stand has also changed: 
de size and the position of the motors, the position of the gears and the diameter of the cylinder. 
The other parts have also suffered some changes, but they are difficult to appreciate with a naked 

Finally, it is important to notice that the density of the parts of both robots is not the same 
s the original industrial robot. In the first robot 

the density was the default value that the program gives automatically to the parts (1000kg/m3). 
is a material with a higher density. 

ities of the different parts have to be increased to fulfill the mass values, but up to a 
value not as high as the density of the material. This fact has an easy justification, and it is that 

es and also to save material. 

the initial and the final robots 
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7 Conclusions and Discussion 
Basically, the aim of this thesis was to construct an industrial robot with similar mass properties 
to the ABB robot IRB6640, using as less parameters as possible.  
 
This aim has been achieved in some measure but there are still some questions to answer and 
some matters to comment. 
 
First of all, it is important to comment that it is not known if the work realized in this thesis is 
useful. Of course, the way to change the parameters and to obtain the mass properties can be 
used in future works, but what minds is if some tests can be done with the model and the results 
can be exported to improve real robots. So, more research and studies about this matter should be 
done after this work to answer this unknown. 
 
There is another issue that should be commented. Both robots have similar mass properties, but 
these properties are only the coordinates of the different robot parts’ centre of inertia and the 
mass of these parts. So the model might be improved knowing the inertia of these elements. It is 
possible that some inertias of the built robot are different from the inertias of the ABB robot and 
with more information and work the model would suffer some modifications. This is not an 
affirmation; the fact that the mass and the centre of mass coordinates are similar is a very good 
and necessary point but it is not known if it is enough, and if one was able to have similar 
inertias the model would be more similar to the reality and this is always positive. 
 
To know this answer some tests and work have to be done. It is necessary to do some different 
dynamic tests with the SolidWorks robot model and compare the results to other tests done with 
the real robot. It is also important to do the same tests with other kinds of robots in order to be 
sure that the method used in this thesis is reliable; which means that is a good way to get the 
results of some real tests, without the need of performing them in the reality. The target of these 
tests is simply to know if the data got using this method is reliable. Real robots have already 
been designed so they won’t be improved with just a model. 
 
If these tests give positive results, companies can have a very strong tool to develop new 
concepts of robots. They will be able to get approximate results of different tests without the 
need of constructing a robot, which will allow them to try to build infinite kinds of designs. This 
means that they will save huge amounts of money compared to nowadays. 



36 
 

  



37 
 

9 List of References 
1. Karel capel. [Online] [Cited: 03 10, 2010.] http://capek.misto.cz/english/biography-e.html. 
2. Used-robots. [Online] BBB. [Cited: 04 20, 2010.] http://www.used-robots.com/robot-
education.php?page=benefits+of+industrial+robots. 
3. ABB. [Online] [Cited: 05 20, 2010.] 
http://www.abb.se/cawp/seabb361/c42f8fa16acadc8fc12570830025e91b.aspx. 
4. Tarkian M., Ölvander J., Feng X., Pettersson M., Optimal kinematics and dynamics design 
of an industrial robot family, ASME 2010 International Design Engineering Technical 
Conferences & Computers and Information in Engineering Conference. Montréal, August 15-18, 
2009. 
5. Society, American Meteorological. [Online] [Cited: 05 18, 2010.] http://www.ametsoc.org/]. 
6. Enciclopèdia catalana. l'Enciclopèdia. [Online] [Cited: 06 02, 2010.] 
http://www.enciclopedia.cat/. 
7. Improving the Scientific Foundation for Atmosphere-Land-Ocean Simulations. s.l. : The 
national academies press, 2005. 
8. Tarkian M., Ölvander J., Feng X., Pettersson M., Design automation of modular industrial 
robots, ASME 2010 International Design Engineering Technical Conferences & Computers and 
Information in Engineering Conference, San Diego, August 30 - September 2, 2009. 
9. I PROGRAMMER. [Online] [Cited: 06 02, 2010.] http://www.i-programmer.info/. 
10. Crespeau, Thierry. SolidWorks 2008. s.l. : Eni, 2008. 
11. SolidWorks Tips and Tutorials. [Online] [Cited: 03 05, 2010.] 
http://www.solidworkstips.com/api_pages/01_macro_basics.htm. 
12. SolidWorks Tips and Tutorials. [Online] [Cited: 15 02, 2010.] 
http://www.solidworkstips.com/api_pages/02_api_tip.htm. 
13. Computer World. [Online] [Cited: 06 01, 2010.] 
http://www.computerworld.com/s/article/43487/Application_Programming_Interface. 
14. ABB. IRB6640. [Online] [Cited: 04 15, 2010.] 
http://www.abb.se/product/seitp327/df458c1c0223a1aec1257363006dd9b3.aspx. 
15. Tarkian, Mehdi.  Design Reuse and Automation. s.l. : Linköpings Universitet, 2009. 
16. COE. Catia Operators Exchange. [Online] [Cited: 02 01, 2010.] 
http://www.coe.org/coldfusion/newsnet/may04/. 
17. Java. The Java tutorials. [Online] [Cited: 04 30, 2010.] 
http://java.sun.com/docs/books/tutorial/java/concepts/interface.html. 
18. internet.com. Webopedia. [Online] [Cited: 05 28, 2010.] 
http://www.webopedia.com/TERM/I/interface.html. 
19. SolidWorks web help. SolidWorks 2010 help. [Online] [Cited: 15 02, 2010.] 
http://help.solidworks.com/2010/English/SolidWorks/sldworks/Overview/StartPage.htm. 
20. Spens, Mike. Automating solidworks 2009 using macros. s.l. : Schroff Development 
Corporation, 2008. 
21. Visual Basic tutorial. [Online] [Cited: 03 03, 2010.] http://www.vbtutor.net/vbtutor.html. 
 



38 
 



39 
 

10 Annex A 
In this annex there are the tables of the initial data of the different subassemblies MDF, MDC 
and MDS, together with an example of the table where the MDA data is obtained. 
 

MDF INPUT 

Axis1 D1    
 H2_Base    

Motor1 D1 D2 D3 R2 
 H1_Gear1 H1_Gear2 R2_Stand 261,9 

Axis2 D1 D2 D3  
 A2_Stand H3_Stand L1_Stand  

Axis3 D1 D2 D3  
 H1_LowerArm L2_LowerArm H1_Gear3  

Motor3 D1    
 H1_ArmHouse    

Axis4 D1 D2 D3  
 L2_ArmHouse H2_ArmHouse H5_ArmHouse  

Motor4 D1 D2   
 233,9 23,4   

Axis5 D1 D2 D3 D4 
 H6_ArmHouse L2_UpperArm L5_UpperArm L3_UpperArm 

Motor5 D1 D2   
 159,0 97,3   

Axis6 D1 D2   
 L1_TiltHouse L3_TiltHouse   

Table 9: MDF initial data 
Source: own elaboration. 
 
 

MDC INPUT 

Motor1 H1 L1  
 168,4 215,2  

Motor2 H1 L1  
 168,4 257,2  

Motor3 H1 L1  
 168,4 243,2  

Motor4 H1 L1  
 121,6 233,9  

Motor5 H1 L1  
 131,0 187,1  

Motor6 H1 L1  
 112,3 187,1  
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Gear1 D1 D2 H1 
 374,2 116,9 116,9 

Gear2 D1 H1  
 374,2 140,3  

Gear3 D1 H1  
 327,4 93,5  

Gear4 - -  
 - -  

Gear5 - -  
 - -  

Gear6 - -  
 - -  

Table 10: MDC initial data 
Source: own elaboration. 
 

MDS INPUT 

Base H1 H2 L1 L2 d      
 46,8 173,1 205,8 547,2 654,8      

Stand D1 D2 D3 D4 D5 D6 D7 D8 H1 H2 
 374,2 449,0 116,9 467,7 374,2 374,2 486,4 112,3 74,8 46,8 

LowerArm D1 D2 L1 L2 L3 L4 T1 T2   
 327,4 280,6 1005,6 280,6 205,8 140,3 18,7 9,4   

ArmHouse H1 H2 H3 H4 H5 H6 H7 D1 D2 D3 
 51,4 173,1 318,1 163,7 121,6 336,8 126,3 347,1 191,8 374,2 

UpperArm L1 L2 L3 L4 L5 L6 L7 L8 D1 D2 

 
H6_Arm 
House 

392,9 467,7 280,6 179,6 224,5 161,8 161,8 
D2_Arm 
House 

224,5 

TiltHouse D1 D2 H1 L1 L2 L3 L4    

 
L5_Upper 

Arm 
112,3 112,3 215,2 159,0 56,1 46,8    

Flange D1 L1         
 205,8 37,4         

Cylinder D1 L1 L2 A1       
 374,2 514,5 210,5 9,4       

 

Stand H3 L1 L2 L3 L4 L5 L6 L7 L8 L9 A1 [°] A2 [°] R1 
 308,7 299,3 65,5 70,2 70,2 131,0 168,4 56,1 233,9 140,3 135 120 243,2 

 
ArmHouse L1 L2 T1 

 252,6 187,1 23,4 
UpperArm D3 T1 T2 

 280,6 18,7 28,1 

Table 11: MDS initial data 

Source: own elaboration. 
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MDA 
OUTPUT 

Mass Cx Cy Cz Ix Iy Iz Ixy Ixz Iyz 
Base           

Stands           
LowerArm           
ArmHouse           
UpperArm           
TiltHouse           

Flange           

Table 12: mass properties table 

Source: own elaboration. 
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11 Annex B 
In this annex there are the tables of the final data of the different subassemblies MDF, MDC and 
MDS. 
 

MDF INPUT 

Axis1 D1    
 H2_Base    

Motor1 D1 D2 D3 R2 
 H1_gear1 H1_gear2 R2_stand 261,9 

Axis2 D1 D2 D3  
 A2_stand H3_stand L1_stand  

Axis3 D1 D2 D3  
 H1_LA L2_LA H1_gear3  

Motor3 D1    
 H1_ArmH    

Axis4 D1 D2 D3  
 L2_ArmH H2_ArmH H5_ArmH  

Motor4 D1 D2   
 233,9 23,4   

Axis5 D1 D2 D3 D4 
 H6_ArmH L2_UppA L5_UppA L3UppA 

Motor5 D1 D2   
 159,0 97,3   

Axis6 D1 D2   
 L1_TiltH L3_TiltH   

Table 13: MDF final data 
Source: own elaboration. 
 
 

MDC INPUT 

Motor1 H1 L1  
 140,3 233,9  

Motor2 H1 L1  
 187,1 318,1  

Motor3 H1 L1  
 168,4 243,2  

Motor4 H1 L1  
 121,6 233,9  

Motor5 H1 L1  
 131,0 187,1  

Motor6 H1 L1  
 112,3 187,1  
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Gear1 D1 D2 H1 
 374,2 116,9 116,9 

Gear2 D1 H1  
 374,2 140,3  

Gear3 D1 H1  
 421,0 93,5  

Gear4 - -  
 - -  

Gear5 - -  
 - -  

Gear6 - -  
 - -  

Table 14: MDC final data 
Source: own elaboration. 
 

MDS INPUT 

Base H1 H2 L1 L2 d           
  18,7 196,4 56,1 261,9 654,8           
Stand D1 D2 D3 D4 D5 D6 D7 D8 H1 H2 
  374,2 514,5 116,9 467,7 327,4 374,2 486,4 112,3 46,8 46,8 
LowerArm D1 D2 L1 L2 L3 L4 T1 T2     
  327,4 280,6 1005,6 280,6 205,8 140,3 18,7 9,4     
ArmHouse H1 H2 H3 H4 H5 H6 H7 D1 D2 D3 
  51,4 187,1 318,1 163,7 121,6 374,2 93,5 374,2 233,9 374,2 
UpperArm L1 L2 L3 L4 L5 L6 L7 L8 D1 D2 
  H6_ArmHouse 374,2 467,7 280,6 187,1 224,5 149,7 173,1 D2_ArmHouse 280,6 
TiltHouse D1 D2 H1 L1 L2 L3 L4       
  L5_UpperArm 112,3 112,3 215,2 159,0 56,1 46,8       
Flange D1 L1                 
  205,8 37,4                 
Cylinder D1 L1 L2 A1             
  327,4 514,5 210,5 9,4             

 
Stand H3 L1 L2 L3 L4 L5 L6 L7 L8 L9 A1 [°] A2 [°] R1 R2 

 252,6 299,3 65,5 70,2 70,2 131,0 168,4 56,1 233,9 140,3 145,0 120,0 233,9 308,7 

 
ArmHouse L1 L2 T1 
 252,6 229,2 32,7 
UpperArm D3 T1 T2 
 280,6 112,3 93,5 

Table 15: MDS final data 

Source: own elaboration. 
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12 Annex C 
In this annex there are the drawings of the MDA parts. They are useful when changing the 
dimensions of a part because thanks to them it is possible to know which dimensions are 
changed when the MDF, MDC and MDS tables are modified.  
 

         
Figure 20: Arm house and base drawings 

Source: own elaboration. 
 

     
Figure 21: cylinder, motors and gearboxes drawings 

Source: own elaboration. 
 

             
Figure 22: lower arm and flange drawings 

Source: own elaboration. 
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Figure 23: stand drawing 

Source: own elaboration. 
 

         
Figure 24: tilt house and upper arm drawings 

Source: own elaboration. 
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13 Annex D 
In this annex some representative parts of the code used to perform the interface is showed. After 
each code part there are some comments about its most representative functions. 

13.1 Dimensions 

In the following lines it can be seen some code used to change the different dimensions of the 
Base.  
 
Private Sub CommandButton2_Click() 
 
    Set swApp = CreateObject("SldWorks.Application") 
 
    Set Part = swApp.ActiveDoc 
 
    'Base 
    Part.Parameter("H1@Extrude2@Base.Part").SystemValue = Excel.Range("C61") * 0.001 
    Part.Parameter("H2@Gearbox1").SystemValue = Excel.Range("D61") * 0.001 
    Part.Parameter("L1@Sketch2@Base.Part").SystemValue = Excel.Range("E61") * 0.001 
    Part.Parameter("L2@Sketch1@Base.Part").SystemValue = Excel.Range("F61") * 0.001 
    Part.Parameter("d@Sketch1@Base.Part").SystemValue = Excel.Range("G61") * 0.001 
 
    Part.ClearSelection2 True 
 
End Sub 
 
The function used to change the parameters is “Part.Parameter(…).SystemValue = …”. In the 
brackets, the name of the dimension and the name of the sketches, operations, or parts to whom 
they belong have to be written, separated by an @. After the equal sign, one can write a desired 
value for the dimension, the name of an excel cell that will contain the value, an equation and so 
on. 

13.2 Mass properties 

Once the last code is understood, it is time to understand the following one, which shows how to 
get the mass properties of the LowerArm. 
 
Sub massdata2() 
 
    Dim swApp As Object 
    Dim swModel As Object 
    Dim swDocExt As Object 
    Dim swMass As Object 
    Dim swSelMgr As Object 
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    Dim swComp As Object 
    Dim vBodyArr As Variant 
    Dim vCoM As Variant 
    Dim vMoI  As Variant 
    Dim vPrinAoIx As Variant 
    Dim vPrinAoIy As Variant 
    Dim vPrinAoIz As Variant 
    Dim vPrinMoI As Variant 
    Dim nDensity As Double 
    Dim bRet  As Boolean 
    Dim Part  As Object 
    Dim boolstatus As Boolean 
 
    Set swApp = CreateObject("SldWorks.Application") 
    Set Part = swApp.ActiveDoc 
     
    boolstatus = Part.Extension.SelectByID2("LowerArm-1@Assem4", "COMPONENT", 0, 0, 0, 
    False, 0, Nothing, 0) 
 
    Set swModel = swApp.ActiveDoc 
    Set swDocExt = swModel.Extension 
    Set swMass = swDocExt.CreateMassProperty 
    Set swSelMgr = swModel.SelectionManager 
    Set swComp = swSelMgr.GetSelectedObjectsComponent2(1) 
 
    vBodyArr = swComp.GetBodies2(swSolidBody): Debug.Assert Not IsEmpty(vBodyArr) 
 
    bRet = swMass.AddBodies((vBodyArr)): Debug.Assert bRet 
 
    vCoM = swMass.CenterOfMass 
    vMoI = swMass.GetMomentOfInertia(swMassPropertyMomentAboutCenterOfMass) 
    vPrinAoIx = swMass.PrincipleAxesOfInertia(0) 
    vPrinAoIy = swMass.PrincipleAxesOfInertia(1) 
    vPrinAoIz = swMass.PrincipleAxesOfInertia(2) 
    vPrinMoI = swMass.PrincipleMomentsOfInertia 
 
    Excel.Range("C84") = swMass.Mass 
    Excel.Range("D84") = vCoM(0) 
    Excel.Range("E84") = vCoM(1) 
    Excel.Range("F84") = vCoM(2) 
    Excel.Range("G84") = vMoI(0) 
    Excel.Range("H84") = vMoI(4) 
    Excel.Range("I84") = vMoI(8) 
    Excel.Range("J84") = vMoI(1) 
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    Excel.Range("K84") = vMoI(2) 
    Excel.Range("L84") = vMoI(5) 
 
    Part.ClearSelection2 True 
 
End Sub 
 
One important part of this code is “boolstatus = Part.Extension.SelectByID2(…)” where it is 
written the name of the component whose mass properties one wants to know, and also the name 
of the subassemblies or assemblies that contain the component (only in the case they exist) 
separated by an @. It is used to select the part whose name is written. 
The other important functions are “swSelMgr.GetSelectedObjectsComponent2(…)”, 
“swComp.GetBodies2(…)” and “swMass.AddBodies((…))”, which are used to get a selected 
part and its mass properties. 
 

13.3 Delete parts 

Before explain how to insert a part, it will be explained how to delete it, because it is easier.  
 
Private Sub DeleteActuator11_Click() 
 
    Dim swApp As Object 
    Dim Part As Object 
    Dim boolstatus As Boolean 
    Dim longstatus As Long, longwarnings As Long 
 
    Set swApp = CreateObject("SldWorks.Application") 
 
    Set Part = swApp.ActiveDoc 
    boolstatus = Part.Extension.SelectByID2("Actuator1.1-1@3rd try assembly",  
    "COMPONENT", 0, 0, 0, False, 0, Nothing, 0) 
    Part.EditDelete 
 
End Sub 
 
The important functions used are “boolstatus = Part.Extension.SelectByID2(…)”, which has 
been explained before, and “Part.EditDelete” that deletes the selected part when it is executed. In 
the following case, the deleted part is the actuator1.1-1. 

13.4 Insert parts 

Finally, the last code, which can be seen in the following lines, shows how to insert a part in a 
desired place. In this case the inserted part is the actuator1.1.  
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Private Sub InsertActuator11_Click() 
 
    Dim swApp As Object 
    Dim Part As Object 
    Dim boolstatus As Boolean 
    Dim longstatus As Long, longwarnings As Long 
    Dim FeatureData As Object 
    Dim Feature As Object 
    Dim Component As Object 
    Dim InsertPart As Object 
 
    Set swApp = CreateObject("SldWorks.Application") 
    Set Part = swApp.ActiveDoc 
    Set InsertPart = swApp.OpenDoc("Z:\CAD done\3rd try assembly\Actuator1.1.SLDPRT",  
    swDocPART) 
 
    Part.AddComponent InsertPart.GetPathName, -0.2781527669007, 0.1868731496438,  
    0.1566149576701 
 
    'clean up - close inserted part 
    swApp.CloseDoc InsertPart.GetPathName 
 
    boolstatus = Part.Extension.SelectByID2("Point1@3DSketch1@Actuator1.1-1@3rd try  
    assembly", "EXTSKETCHPOINT", 0.05350796769385, 0, -0.04465378025796, True, 1,  
    Nothing, 0) 
 
    boolstatus = Part.Extension.SelectByID2("Plane3@Base-1@3rd try assembly", "PLANE", 0,  
    0, 0, True, 1, Nothing, 0) 
 
    Dim myMate As Object 
 
    Set myMate = Part.AddMate3(0, -1, False, 0.03495070238417, 0, 0, 0.001, 0.001, 0.001,  
    0.5235987755983, 0.5235987755983, 0.5235987755983, longstatus) 
 
    Part.ClearSelection2 True 
 
    boolstatus = Part.Extension.SelectByID2("Plane3@Actuator1.1-1@3rd try assembly",  
    "PLANE", 0, 0, 0, True, 1, Nothing, 0) 
 
    boolstatus = Part.Extension.SelectByID2("Plane2@Base-1@3rd try assembly", "PLANE", 0,  
    0, 0, True, 1, Nothing, 0) 
 
    Set myMate = Part.AddMate3(0, 0, False, 0.1710362954949, 0, 0, 0.001, 0.001, 0.001, 0,  
    0.5235987755983, 0.5235987755983, longstatus) 
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    Part.ClearSelection2 True 
 
    boolstatus = Part.Extension.SelectByID2("Plane1@Base-1@3rd try assembly", "PLANE", 0,  
    0, 0, True, 1, Nothing, 0) 
 
    boolstatus = Part.Extension.SelectByID2("Plane2@Actuator1.1-1@3rd try assembly",  
    "PLANE", 0, 0, 0, True, 1, Nothing, 0) 
 
    Set myMate = Part.AddMate3(0, 0, False, 0.2759699655113, 0, 0, 0.001, 0.001, 0.001, 0,  
    0.5235987755983, 0.5235987755983, longstatus) 
 
    Part.ClearSelection2 True 
 
End Sub 
 
The main functions used are: 

• “Set InsertPart = swApp.OpenDoc("…", swDocPART)” where the part “…” shows the 
folder where the part is located. It is used to get the part that will be inserted. 

• “Part.AddComponent InsertPart.GetPathName” which allows the user to insert the part 
got with the previous function. 

• “boolstatus = Part.Extension.SelectByID2(…)” which has been explained previously. 

• “Set myMate = Part.AddMate3(…)”. This function is used to create the mates between 
the parts inserted and the parts that are already present in the assembly. All the code 
inside is necessary to decide the kind of mate (for instance, coincident or parallel). To 
know which code must be used inside this part, it is necessary to record a macro with 
SolidWorks and read its content because, as it can be seen, it is not intuitive which part 
determines the kind of mate between the different parts. 

 
To insert a part, it is very important to take into account one thing. It is strongly recommended 
not to do mates between faces, edges or vertexes of the bodies. The mates should be done 
between created planes or sketches, because then one can reference in a good way the elements 
that will be mated (for instance, “Point1@3DSketch1@Actuator1.1-1@3rd try assembly” shows 
clearly the point selected, the sketch, the part and the assembly to whom it belongs). 
 


