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Summary 

During the spring of 2014, Kashira Roil Beto and Johan Kooiker, students in 

mechanical engineering at Linnaeus University carried out a degree project, together 

with Husqvarna Construction Products Sweden AB. The topic of this project was 

“product development” to develop an automated system for assembling cold pressed 

segments. 

 

Nowadays, Husqvarna assembles cold pressed segments manually, where the cold 

pressed segments are made of metal powder and synthetic diamond. The segments 

are brittle and can easily crack therefore the segments are assembled into a frame 

manually by an operator. Husqvarna want to develop a system for assembling the 

cold pressed segments into the frame without breaking the segments.  

 

The project began with studying the current situation to get a clearer picture of the 

problem and finding out the requirements for the system. The requirements were 

studied, translated and implanted in the behaviour descriptions of the system. Later 

on, ideas and concepts were generated, which through rating and screening led to the 

final concept. The final concept was divided into subsystems and developed in further 

detail. The detail work included 3D CAD models of unique components and a 

selection of standard components. The final step was to build simple prototypes of 

the subsystems in order to test their functions. The prototypes of the subsystems 

accomplished the main requirements of the company and that has led to future 

investment in the final system. 

 

It is proven that it works to grip the brittle cold pressed segments with vacuum cups 

and it is also proven that the material supply works, it supplies the brittle segments in 

a proper way to the picking position. After testing the prototypes some 

improvements were made on the concept design. A detailed design of the unique 

components and selection of standard components were made.  

  



Abstract 
During the spring of 2014, Johan Kooiker and Kashira Roil Beto, students in 

mechanical engineering at Linnaeus University carried out a degree project together 

with Husqvarna construction products Sweden AB. The topic of this project was 

“product development” to develop an automated system for assembling cold pressed 

segments. 

 

The project began with studying the current situation to get a clearer picture of the 

problem and finding out the requirements. The main requirements were studied and 

implanted in behaviour descriptions of the system. Later on ideas and concepts were 

generated, which then through rating and screening led to the final concept. The final 

concept was divided into subsystems and developed in details. The detail work 

included 3D cad models of unique components and selection of standard component. 

The final step was to build simple prototypes of the subsystems to test their 

functions. The prototypes of the subsystems accomplished the main requirements of 

the company and that led to future investment in final system.  

 

Keywords: Mechanical engineering, product development, robot, gripper, material 

supply, pick and place, material handling, automated system. 

  



Preface 
Husqvarna Construction products have nine factories worldwide. One of these 

factories is located in Jönköping, Sweden. The core business of this factory is 

producing the cutting segments for sawing blades and drilling tools. A task was given 

to develop an automated system in one of their manufacturing processes, the 

assembling of cold pressed segments. This degree project is the final step in the 

mechanical engineering bachelor program at Linnaeus University in Växjö, Sweden.  

 

The operation manager at Husqvarna construction products, Peter Klint, was 

contacted at the beginning of February 2014. A proposal for an interesting project in 

the area of product development was given and after the introduction meeting with 

the company the project group took up the offer. 

 

This degree project was really interesting and educative, but also really challenging.  

The project group have put a lot of time and effort into the project but it has been 

worth it. Good design can be made but the functions can still remain unknown. One 

of the best experiences from this project has been the prototype building and testing. 

A simple prototype gives a lot of information about the behaviour of the system.  

 

We would like to thank, Peter Klint, the operation manager at Husqvarna construction 

products Sweden AB for receiving us and providing us with a suitable project for the 

course 2MT00E. We would like to thank, Fredrik Sjödahl, engineer at Husqvarna for 

the technical feedback he gave us during the project. We would like to thank, Samir 

Khoshaba (Linnaeus University) and Valentina Haralanova (University of Ruse) for 

their supervision throughout the project. We would also like to thank Henrik 

Arvidsson, sales manager at Yaskawa Nordic AB for the information about robots and 

programming. 

 

 

Växjö 3rd of June 2014 

 

Johan Kooiker 

Kashira Roil Beto  
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1. Introduction 
The introduction includes background about the company and the project. The task 

and the method are described and the limitations are set. 

 

1.1 Background 
Husqvarna Construction Products Sweden AB is a part of Husqvarna AB. They are 

world leaders in the construction and stone industries. Their extensive construction 

product range includes machines, diamond tools and all accessories needed for 

cutting, sawing and drilling, as well as polishing floors. The stone product range is 

comprised of a variety of different diamond tools for quarries and the stone 

processing industry. 

 

Husqvarna Construction products have nine factories worldwide. One of these 

factories is located in Jönköping, Sweden. The core business of this factory is 

producing the cutting segments for sawing blades and drilling tools. The production 

process consists of pressing diamond powder mixed with metal powder in a mould. 

Then the cold-pressed segments are assembled in a frame for sintering. After 

sintering the segments are ready for the next step in the process. 

 

This project is the final project for our mechanical engineering bachelor program at 

Linnaeus University. This project aims to reduce the manual handling needed for 

producing the segments. 

1.2 Task 
Husqvarna Construction Products gave the task “to develop a system to handle the 

assembling of cold pressed segments”. 

1.3 Method 
The method used in this project is a system approach. The theory is based on books, 

journals and articles that are in the field of product development and also 

discussions with experts. The project starts with defining the problem. The current 

situation is studied, requirements are set and the behavioural description of the 

system is illustrated. The system objectives are ranked and used later on in the 

evaluation process. The function of the system is divided into sub functions and from 

the brainstorming session different concept fragments are generated. The 

combination of different concept fragments for each sub function generates 

complete concepts for the system. The complete concepts for the system are 

evaluated with help of system objectives. The winning concept is further developed 

into details, standard components are selected and unique components are 
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designed. Prototypes of the most critical subsystems are built and tested to prove 

that they fulfil the main requirements. 

 

Visiting the company provides useful information for the project, therefore it is good 

to keep in contact with the company throughout the whole project. 

1.4 Limitations 
In this project there are different limitations. One of the limitations is time. The 

project starts on 24th of March and ends on 2nd of June. All the work needs to be 

done in these ten weeks. Another limitation is the budget. The maximum budget is 

SEK 900.000. A concept will be selected and 3D CAD models will be drawn. The time 

is too short to build an actual prototype. 

 

1.5 Planning 
The project is divided into sub steps and planning is made for the sub steps, a Gantt 

chart illustrates the activities in period of time. The Gantt chart can be found in 

appendix 1. 
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2. Defining the problem 
Before jumping into solving the problem, the current situation is studied. It describes 

the handlings and the movements of the assembling process of the cold pressed 

segments. It is easier to understand the problem if the current situation is studied in 

detail. In the feasibility study an unprejudiced analysis of the problem is made and 

background information both in terms of design and technology for a possible new 

development is collected. During the feasibility study various possible technical 

solutions and other conditions must be uncritically examined which will minimize the 

cost and testing work on false premises (H. Johannesson 2004) 

 

2.1 Defining the current situation 
The manufacturing process starts with pressing metal powder with synthetic 

diamonds into segments. All the segments are stored in boxes for the next step. The 

next step is to assemble all the segments and the graphite parts. An operator does 

the assembling handlings manually. 

 

The first step of the assembly process is to place a small graphite segment (see figure 

2.1) with the curved side up. Above the small graphite segment the cold pressed 

segment is placed with the curved side down (see figure 2.2). On top of this cold 

pressed segment a big graphite segment is placed (see figure 2.3). The next step is 

repeating step one, but then all the segments are placed upside down. These two 

steps are repeated until the base plate is full. Around all these segments, graphite 

and isolation plates are placed (see figure 2.4). The last step is to place the 

aluminium frame around everything and tighten the bolts with a torque of 30 Nm 

(see figure 2.5). The frame is placed in the sintering machine for sintering. After 

sintering the segments are checked for quality and then are ready for other 

processes.  

 

 
Figure 2.1 Placing small graphite parts 
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Figure 2.2 Placing segments on top of graphite parts 

 

 
Figure 2.3 Placing big graphite parts on top of segments 

 

 
Figure 2.4 Fully assembled frame  
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Figure 2.5 Mounting fully assembled frame with aluminium frame  

 
This process illustrates the assembly of the most used segments, there are around 

20 shapes and 300 different dimensions and every shape has a unique assembly 

process. Table 2.1 shows the shape variations of the different segments, graphite 

and metal parts. 

 
Table 2.1 Shape variations of segments, graphite and metal parts 

Segments Graphite parts/metal parts 
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2.2 Defining the project  
The design project starts with an idea. It can be a problem that has to be solved, it 

can be an idea for a solution to a problem but once a problem has been named, the 

possibilities for design begins (Peter L. Jackson, 2009).  

 

Husqvarna Construction Products want to automate the assembling process. By 

automating this process the efficiency will increase and this will lead to lower costs 

for every produced segment. Placing the graphite and isolation plates are not 

included in the automating process, neither is the aluminium frame. The problem is 

that it takes too long time to assemble all the segments. When all these handlings 

can be automated the operator can do something else, like checking the quality of 

the sintered segments. Therefore the operator can be much more efficient. 

 

The name of the problem is “it is too expensive to assemble the segments 

manually”. 

 

To visualize the idea of how it could work in reality creates a better understanding of 

the problem. Design engages both hemispheres of the brain: the left brain, with its 

power for verbalization and logical reasoning, as well as the right brain, with its 

power for visualization and intuitive reasoning (Edward 1999). 

 

The concept sketches in figures 2.6 – 2.7 show the first idea that popped up of what 

the system could look like in the workshop. The concept is for a higher production of 

segments. The system can work in a small area and is easy to move. With a robot, 

the system is flexible and the layout of the working area can easily be changed. 

 

 
Figure 2.6 Concept sketch of the first idea 
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Figure 2.7 Concept sketch of the first idea 

 

It is helpful to think of the three roles of owner, customer, and user because they 

define useful viewpoints of the system. Every role identified gives a different 

perspective and gives rise to new requirements on the design (Peter L. Jackson, 

2009). The owners of the project are the students that will set the design goals and 

authorize main design decisions. The customer is “Husqvarna Construction Products” 

and the users are the operators. 

 

To provide clear guidance for the product development, generally the team 

formulates a more detailed definition of the target and of the assumptions under 

which the development team will operate (Ulrich and Eppinger 2008). A mission 

statement is written. The mission is “to automate the assembling process of the 

segment production for Husqvarna Construction Products”. 

 

2.3 Defining the context 
For team projects, it is important to state and clarify continually what the system 

boundary is. That is, what is inside the scope of the design and what is outside the 

design scope (Peter L. Jackson, 2009). 

 

Husqvarna Construction Products have the idea of a robot with a gripper that picks 

and places the segments into the frame. A robot with a gripper will limit the 

discovery of new creative ideas. Therefore the main focus of the project is on a 

system that can assemble segments into a frame. 

 

The context diagram in figure 2.7 shows the relationship between internal entities 

(inside the dashed line) and the external entities (outside the dashed line). The 

internal entities are inside the designing scope that will be done in this project. The 

system is considered as an internal entity, which is a fully working automated system 

that handles the assembling process. As it is mentioned in the boundary condition 
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the focus will be on the system. “System moves material” and “system load frame” 

are unspecified handlings, it means that these handlings can be solved in different 

ways. The external entities are related to the internal entities but that is outside the 

scope of the project. 

 

 
Figure 2.7 Context diagram for the system 

 
Table 2.2 Customer comments of the system 
Customer comments 

The cold-pressed segments are brittle 

The metal parts are not magnetic 

Broken segments are not a problem for the sintering process 

Before sintering the graphite parts are thicker than the segments 

Maximum weight is 20 gram per segment 

If it is too hard to grip a segment, skip it 

The robot requires space 

The pay-off time is not strictly two years 

Put more focus on gripper, the robot is easy to fix 

If a concept exceeds the cost requirements, do not skip the idea 

Let the table move instead of the robot 

Make it as easy as possible for the operator to prepare the material supply  

There is another lubricant than the usual one, it costs more and it is bad for the 
environment. The lubricant remains on the segments and it is hard to rub out 

Some of the segments are broken already in the beginning the operator can take 
care of it. If there is a solution to handle this with the machine that will be great 

Diamond parts can get stuck on moving parts, and destroy them 

Some of the segments are pre-sintered, these are not brittle 

When graphite parts are cold it is harder to separate them 

Some of the base plates are clumsy 

 
The company and the operators will use the system that will be developed. 

Therefore a “focus group” of operators and constructors were selected to discuss 

the problem (Kotler, 1997) (Ulrich and Eppinger, 2008). It is interesting and useful to 

collect comments from two different points of view. Customer comments are 
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collected during the visits to the company (table 2.2). The comments are taken from 

the engineers, and from the operators that work with the assembling process daily. 

The customer comments give recommendations rather than requirements therefore 

they have a smaller influence on the concept selection and the design. 

 

2.4 Defining functional Requirements 
Functional requirements are stated at an abstract or general level. They specify what 

the system must do, but not how to do it (Peter L. Jackson, 2009). Table 2.3 

illustrates a complete summary of customer comments and direct requirements 

from the company. In this stage it is described “what” the different requirements 

provide. The left column illustrate the requirements that were given during the 

meetings with Husqvarna and the right column illustrate their translation to 

technical requirements. Some of the given requirements are already formulated as 

technical ones. 

 
Table 2.3 Voice of the customer 

Voice of the customer 

Make the gripper robust Make a gripper that can handle 
small forces 

Make a flexible gripper 

No protection fences around the machine Do not let the machine injure 
the operator 

Make a system that controls the handlings when 
an error occur 

Make a flexible system 

Make a machine that can work for at least six to 
ten years  

Make a reliable machine 

Reduce at least one operator Make an efficient machine 

Capacity of minimum 350 segments per hour  

Maximum scrap of 0,5 %   

The maximum budget is SEK 900.000  

The maximum required space is 3 m2   

System must be able to work in environmental 
with graphite, diamond and metal powder 

 

Minimum reliability of 99,5 %  

 
System behaviour is a description of a sequence of events or activities from a 

beginning event to one or more possible terminal events. Some of the activities in 

the behaviour may be performed by the system, others may be performed by 

external entities in response to action taken by the system. Thinking through 

behaviour functions that the system must perform do naturally occur (Peter L. 

Jackson, 2009). The first step is to collect use cases and they are taken from the 

figure 2.7 “context diagram”. Primary use cases are the ones that naturally occur in 

the way in which the system is going to be used. The secondary use cases are the 
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situations that shouldn’t occur but are still considered as part of the system. The 

main focus of the project is that the system is doing the work, therefore “system 

moves material” and “system load frame” are high prioritized. To avoid unaccepted 

situations that can occur, therefore almost all of the secondary use cases are highly 

prioritized. 

 
Table 2.4 Primary and secondary use cases for the system with priorities 

Use cases Priority 

Primary  

System moves material H 

Operator supply material M 

System load frame H 

Company teach operator L 

Secondary  

System drops the parts H 

System break the parts H 

System hurts operator H 

System stops M 

 

The behaviour description shows the behaviour of the high-prioritized use cases, 

step by step (Karas and Rhodes, 1987). It also shows the relation between the 

internal and external entities. It is useful to tear down the use cases to get a better 

understanding. The central section of the table 2.5 – 2.9 describes the behaviour as a 

thread that is, a sequence of events and activities. Mapping a desired behaviour for 

the system creates valuable requirements that can be used further in the design 

phase. 

Table 2.5 Behaviour description of “System moves material” 

System moves material 

Initial condition: 

System is in unloaded state 

Operator System Frame Material 

   The material shall be supplied 

 The system shall detect the 
material in proper position 

  

 The system grips the 
material 

  

   The material is placed in the 
gripper 

 The system shall hold the 
material 

  

 The system shall secure the 
material in proper position 

  

Ending conditions: 

System is in loaded state 
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Table 2.6 Behaviour description of “System load frame” 

System load frame 

Initial condition: 

System is loaded state 

Operator System Frame Material 

 The system moves the 
material to the frame 

  

 The system releases 
the material 

  

   The material is placed 
in a proper position on 
the frame 

  The frame shall hold 
the material 

 

Ending conditions: 

The system is in unloaded state 

 
Table 2.7 Behaviour description of “system drops the parts” 

System drops the parts 

Initial condition: 

System is in loaded state 

Operator System Frame Material 

 The system shall detect 
one part is dropped 

  

 The system shall move 
to a certain point 

  

   The remaining material parts 
shall be dropped at that certain 
point 

Ending conditions: 

System is in unloaded state 

Note: The broken parts will not be used, only removed from the working area.  
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Table 2.8 Behaviour description of “System breaks the parts” 

System break the parts 

Initial condition: 

System is in loaded state 

Operator System Frame Material 

 The system shall detect 
one part is broken 

  

 The system shall move to 
a certain point 

  

   The material parts shall be 
dropped at that certain point 

Ending conditions: 

The system is in unloaded state 

Note: The broken parts will not be used, only removed from the working area. 
 
Table 2.9 Behaviour description of “System hurts operator” 
System hurts operator 

Initial condition: 

The system is moving 

Operator System Frame Material 

The operator 
gets hit by the 
system 
Yes 
No 

   

 The system shall detect a collision 
with an operator 

  

 The system shall stop immediately   

 The system should have a low 
force and speed 

  

Ending conditions: 

The system can continue moving after resetting  

Note: The system can hit without cause injuries. 

 

The draft originating requirements (table 2.10) are extracted from the behaviour 

description. This gives a list with abstract functions that need to be solved during the 

design process to fulfil the requirements.  
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Table 2.10 Draft originating requirements 

Index Originating requirement Abstract function name 

OR. 1 The material shall be supplied Supplied 

OR. 2 
The system shall detect the material in proper 
position 

Detect 

OR. 3 The system grips the material Grip 

OR. 4 The material is placed in the gripper Placed 

OR. 5 The system shall hold the material Hold 

OR. 6 
The system shall detect the material in proper 
position 

Detect 

OR. 7 The system moves the material to the frame Moves 

OR. 8 The system releases the material Release 

OR. 9 
The material is placed in a proper position on the 
frame 

Placed 

OR. 10 The frame shall hold the material Hold 

OR. 11 The system shall detect one part is dropped Detect 

OR. 12 The system shall move to a certain point Move 

OR. 13 
The remaining material parts shall be dropped at 
that certain point 

Dropped 

OR. 14 The system shall detect one part is broken Detect 

OR. 15 The system shall move to a certain point Move 

OR. 16 
The material parts shall be dropped at that 
certain point 

Dropped 

OR. 17 The system avoids hitting the operator Hit 

OR. 18 
The system shall detect a collision with an 
operator 

Detect 

OR. 19 The system shall stop immediately Stop 
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3. Measuring the needs and setting targets 
In this chapter, the focus is on measurements and targets of the requirements. The 

goal is to take the product objectives that were identified from analysis of the 

customers comments in the previous chapter and measure how important these 

different product objectives are. During the steps that are done so far there have not 

been any decisions that trade off performance in one dimension against 

performance in another dimension”. To be forced eventually to make design choices, 

this is an appropriate time to reflect on which product objectives are the most 

important (Peter L. Jackson, 2009).  

 

3.1 Computing relative priorities  
In the first row the voice of the customer (product objectives) are grouped into sets. 

In the second row weights are assigned. The higher the number the more important 

it is. The focus of this project is designing a gripper therefore “make the gripper 

robust” has a high weight. All the values in table 3.1 are gathered together with the 

company. The sum of the total of these weights is equal to one. In the third row the 

product objectives from the first row are divided into subsets. Again the total sum of 

the weights is equal to one. Rows 4 to 7 are the same as in row two, but now the 

weights are assigned to the subsets. In this case the sum of the weights for each 

product objective from the first row is equal to one. The next row is the calculation 

of the total weight per product objective. The last row is the result of the 

calculations. The product objective with the highest result has the highest priority in 

the design process. The calculations for the remaining product objectives are shown 

in table 3.1 
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Table 3.1 Computing relative priorities of product objectives 

1 Make the gripper robust 
 

Capacity of 
minimum 

350 
segments 
per hour 

Make a 
system that 
controls the 
handlings 

when an error 
occur 

Other (space, durable, budget, environment) 
 

2 0,4 0,1 0,1 0,4 

3 Make a 
gripper 
that can 
handle 
small 
forces 

Make a 
gripper 
that is 
flexible  

Maximum 
scrap of 

0,5 % 

Minimum 
reliability 
of 99,5 % 

 Make a 
system that 
controls the 

handlings 
when an 

error occur 

System must 
be able to 

work in 
environmental 
with graphite, 
diamond and 
metal powder 

The 
maximum 
budget is 

SEK 
900.000 

The 
maximum 
required 
space is 3 

m2 

Make a 
machine 
that can 

work for at 
least six to 
ten years 

4 0,3 0,3 0,2 0,2       

5     1      

6      1     

7       0,3 0,3 0,1 0,1 

Formula 0,4*0,3 0,4*0,3 0,4*0,2 0,4*0,2 0,1*1 0,1*1 0,4*0,3 0,4*0,3 0,4*0,1 0,4*0,1 

Result 0,12 0,12 0,08 0,08 0,1 0,1 0,12 0,12 0,04 0,04 



 16 

 
Figure 3.1 Product objective priorities 

 
Figure 3.1 gives a better overview of all the information that is given in table 3.1. It is 

easier to see what are the relative priorities for the product objectives that are used 

later on in the design process. 

3.2 Benchmarking 
The goal of benchmarking is to get information from products that already exist on 

the market. A benchmark exercise is a good way to collect information about similar 

products or services, but in this case there is no “system” out there that could do the 

required handlings. It would be misleading to compare a robot or a pick and place 

machine. A benchmarking exercise will be used when developing the architecture. 

 

3.3 Quality house 
Quality house is a great tool to use in product development, it describes and 

analyses the relationship between the customer comments and product 

characteristics. (Bergman 2012) A quality house is not used in this project because 

the customer requirements are already identified in table 2.3. 

  

Handling 
17% 

Flexible 
17% 

Budget 
17% 

Controlling 
14% 

Capacity 
14% 

Reliability 
11% 

Space 
5% 

Durability 
5% 

Space 
4% 

Durability 
4% 

Relative priorities 



 17 

4. Exploring the design space 
The concept generation phase will result in a number of conceptual product 

solutions that will meet the criteria of the product requirements (H. Johannesson 

2004). A system concept is a rough description of the working mechanism, and 

shape of the system. A concept is often illustrated as a sketch or as rough 3D-model 

and is completed by brief textual description (Ulrich and Eppinger 2008) 

 

4.1 Decomposing the system into sub systems  
Figure 4.1 shows a basic system flow diagram. In the current situation the company 

are using an operator to assemble the material into the frame. A system that will 

make the same handlings, will replace the operator. Figure 4.2 shows a more 

detailed description of what the sub functions might do in order to apply the overall 

function of the system.  

 

 
Figure 4.1 System flow diagram 

 
 

 
Figure 4.2 Sub functions of the system 

 

4.2 Brainstorming 
Brainstorming is a creativity technique to get as many as possible ideas to solve the 

problem. A brainstorming session should focus only on a specific function (David G. 

Ullman, 2010).  

 

This activity may be the most creative of any activities in new product development 

and the more ideas a team generates the more likely the team is to explore fully the 

solution space (Ulrich and Eppinger 2008). 
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All the creative ideas from the brainstorming session are gathered and placed in 

rows to where the solution belongs (table 4.3). 

 

Table 4.3 Generate concept fragments for each function 

The 
material 
shall be 
supplied 

The system 
shall detect the 

material is in 
proper position 

The system 
grips and 

releases the 
material 

The system shall 
hold and secure 
the material in 
proper position 

The system 
moves the 

material to the 
frame 

Conveyor Sensor Pneumatic Mechanical Pneumatic 

Cylinder Camera Vacuum Pneumatic Electric 

Storage Form Gravitation Electric Hydraulic 

Human 
power 

Sound Electric Vacuum  

Robot Radiation    

Slope     

 

4.3 Exploring systematically 
Systematically exploration is meant at directing the area of potentials by forming 

these concept fragments (Ulrich and Eppinger 2008). Table 4.4-4.8 shows a more 

organized table of the pruning and expanding of the concept fragments. It is also 

explained why the concept fragments are expanded or pruned. 

 

Table 4.4 Prune or expand concept fragments 

The material shall be supplied 

Supplied 

Electrical Mechanical Pneumatic Others 

Conveyor Slope Cylinder Robot 

   Human power 

   Storage 

 Notes: 
1) Conveyor, storage and slope are a simple and cheap way to supply the 

material. It does not harm the material. 
2) Cylinder is also cheap and simple, but there is a risk to harm the brittle 

segments. 
3) Robot is too expensive and too complicated for such an easy material supply. 
4) The whole idea is to make an automated system, that’s why human power is 

pruned. 
 
Table 4.5 Prune or expand concept fragments 

The system shall detect the material is in proper position 

Detect 

Electrical Mechanical Pneumatic Others 

Sensor Form Sensor Radiation 

Scanning camera   Weight 

Sound    
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 Notes: 
1) Radiation, pneumatic and sound sensors can harm the material and does not 

work in the environment 
2) Electrical sensor and scanning camera are reliable, simple and accurate. 
3) Form and weight are cheap and flexible. 

 
Table 4.6 Prune or expand concept fragments 

The system grip and release the material 

Grip and release 

Electrical Mechanical Pneumatic Others 

Magnetic Clamp Vacuum  

 Fork Cylinder  

 Notes: 
1) An electrical magnet as a gripper would be a good solution, but the material 

is not magnetisable. 
2) Vacuum is almost equal to magnetic force therefore vacuum will be 

expanded. 
3) Cylinder is an easy and not complicated solution. The cylinder can harm the 

brittle segments but the force can easily be adjusted, that’s why cylinder is 
expanded.  

4) For the mechanical gripping the clamp force depends on the weight of 
gripped material. 

 
Table 4.7 Prune or expand concept fragments 

The system shall hold and secure the material is in proper position 

Hold and secure 

Electrical Mechanical Pneumatic Others 

Magnetic Clamping mechanism Vacuum Form 

 Fences Cylinder  

 Fork   

 Notes: 
1) Fences are too clumsy to use therefore they are pruned. 
2) The advantages and disadvantages of the fragments are described see the 

notes for table 4.6 
 
Table 4.8 Prune or expand concept fragments 

The system moves the material to the frame 

Moves 

Electrical Mechanical Pneumatic Others 

Actuator Belt Cylinders Robot 

Motor Chain   

 Gear   

 Notes: 
1) An actuator and a cylinder give the same linear movements. They are easy to 

apply to a system and they are accurate.  
2) The chain and gear movements do not fit in the situation. 
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3) A robot may be the best solution because of its flexibility and reliability but it 
cost more than the other solution.  

4) A motor combined with belt can be a good and simple solution. 
 
The concept combination table provides a way to reflect combinations of concept 
fragments systematically (Ulrich and Eppinger 2008). The expanded concept 
fragments are gathered in table 4.9 and it shows the combination of the concept 
fragments for each sub functions. Combining one concept fragment from each 
column in table 4.10 creates potential concepts for the main problem. The selection 
of the concepts fragments to a complete concept is based on what could possibly 
work in reality. All the chosen concepts are explained in the next step. It describes 
how the different concept fragments are related to each other in a complete system. 
 

Table 4.9 Concept combinations 

The material 
shall be 
supplied 

The system 
shall detect 
the material is 
in proper 
position 

The system 
grips and 
releases the 
material 

The system shall 
hold and secure 
the material in 
proper position 

The system 
moves the 
material to 
the frame 

Conveyor Sensor Clamp Clamping 
mechanism 

Actuator 

Cylinder Camera Fork Fork Cylinders 

Storage/slope Form Vacuum Vacuum Robot 

 Weight Cylinder Form Motor 

    Belt 

 
Table 4.10 Created concepts  

 Combined concept fragments 

Concept 1 Storage, sensor, vacuum, vacuum and robot 

Concept 2 Storage/slope, sensor, vacuum, vacuum and robot 

Concept 3 Storage, form, cylinder, form, belt and cylinder 

Concept 4 Storage/conveyor, sensor, clamp/vacuum, clamp and cylinder  

Concept 5 Storage/conveyor, sensor, clamp/vacuum, vacuum and cylinder 

 

4.3.1 Concept 1 “Robot with flexible gripper” 
The operator places the material (segments and graphite parts) in storage, then the 

robot picks the material from the top of the storage with a flexible vacuum gripper 

and places it on the assembly frame. The frames are placed on a conveyor belt, if the 

frame is loaded the belt will move so the next frame can be loaded. To use a 

conveyor belt the system have a buffer therefore the system can continue working 

without stopping for replacing the frame by an operator. The segments and graphite 

parts are pushed up in the storage with a pneumatic cylinder or a spring. If this 

concept wins then this has to be discussed which mechanism would push the parts 

up. Figure 4.3 shows rough sketch of concept 1. 
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Figure 4.3 Concept sketch 1 “Robot with flexible gripper” 

 

4.3.2 Concept 2 “Robot with flexible material supply” 
The operator places the material (segments and graphite parts) in the flexible 

material supply, the material supply supplies the material into the proper position by 

the slope technique, if this concept wins the mechanism behind the slope has to be 

discussed. The vacuum gripper picks and places the material on the frame.  The 

gripper is not flexible, the vacuum cups cannot move in sideway directions. 

Therefore the function of the slope is to put all the segments together and supply it 

in proper position. Figure 4.4 shows a rough sketch of concept 2. 

 

 
Figure 4.4 Concept sketch 2 “Robot with flexible material supply” 
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4.3.3 Concept 3 “Material releaser” 
The material is stored in magazines and the magazines are mounted on a movable 

frame. The movable frame moves to proper position, a cylinder pushes the material 

from behind and the material releases on the base plate. Figure 4.5 illustrates the 

principle. 

 

 
Figure 4.5 Concept sketch 3 “material releaser” 

4.3.4 Concept 4 and 5 “Pneumatic cylinders” 
The material is stored in magazines and then the material is supplied to the 

conveyors. The conveyor has to sort the material into the right position and has a 

sensor that detects this. Concept 4 - a clamping gripper picks and places the material 

on the base plate. Concept 5 - a vacuum gripper picks and places the material on the 

base plate. Figure 4.6 shows a rough sketch of the concept. 

 

 
Figure 4.6 Concept sketch 4 and 5 “Pneumatic cylinders” 
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5. Optimizing design choices 
Concept selection is the process of evaluating concepts with respect to customer 

needs and other conditions, comparing the relative strengths and weaknesses of the 

concepts and selecting one or more concepts for further investigation testing or 

development (Ulrich and Eppinger 2008). The comparison between the concepts is 

an assumption based on the project groups experience together with Husqvarna. 

 

5.1 Concept selection  
The next step after all the concepts are made is to choose one concept. There are 

different methods to use and one of these methods is the “decision-matrix method” 

also called “Pugh’s method” developed by Stuart Pugh in the 1980s. The Pugh’s 

method is simple and has proven effective for comparing alternative concepts (David 

G. Ullman, 2010). The method works with seven different steps (Peter L. Jackson, 

2009). 

1. Identifying the alternative design concepts 

2. Identifying the relevant attributes (product objectives) 

3. Performing an initial screening of alternatives 

4. Rating the alternatives in each attribute 

5. Weighting the attributes 

6. Scoring and ranking the alternatives 

7. Selecting an alternative 

 

5.1.1 Identifying the alternative design concepts 
Early in the development process a set of customer needs where collected. Using a 

variety of methods, different kinds of concepts where created in response to these 

needs. Table 5.1 list all the concept alternatives. 

 

Table 5.1 Concept alternatives  

Concept alternatives  

Robot with flexible gripper  

Robot with flexible material supply  

Material releaser  

Pneumatic cylinders with clamping gripper 

Pneumatic cylinders with vacuum gripper  

 

5.1.2 Identifying the relevant attributes (product objectives) 
Table 5.2 contains all the customer product objectives that were identified during 

the customer analysis study. All these product objectives are taken from table 3.1. 

The main property of the product objectives listed in the column “Attribute name”. 
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Table 5.2 System attributes 

Goals Attribute name 

A gripper that can handle small forces Handling 

A gripper that is flexible Flexible 

Capacity of minimum 350 segments per hour Capacity 

Minimum reliability of 99,5 % Reliability 

The maximum budget is SEK 900.000 Budget 

The maximum required space is 3 m2 Space 

A system that control the handlings when an error occur Controlling 

A system that can work for at least six to ten years  Durability 

Maximum scrap of 0,5 % Scrap rate 

System must be able to work in environmental with graphite, 
diamond and metal powder 

Environment 

 

5.1.3 Performing an initial screening of alternatives 
In table 5.2 all the product objectives are shown. The not required attributes are 

eliminated. The product objectives “Maximum scrap of 0,5 %” is eliminated because 

the scrap rate is included in the reliability of the whole system. The product 

objective “System must be able to work in environmental with graphite, diamond 

and metal powder” is eliminated because all of the concepts should work in this 

environment. Table 5.3 shows the remaining product objectives. In the rest of the 

steps only the attribute names will be used. 

 

Table 5.3 Eliminating unneeded attributes 

Goals Attribute name 

A gripper that can handle small forces Handling 

A gripper that is flexible Flexible 

Capacity of minimum 350 segments per hour Capacity 

Minimum reliability of 99,5 % Reliability 

The maximum budget is SEK 900.000 Budget 

The maximum required space is 3 m2 Space 

A system that control the handlings when an error occur Controlling 

A system that can work for at least six to ten years  Durability 

 

5.1.4 Rating the alternatives in each attribute 
The table shows a rating scheme. This is a five-point rating scale - there is also a 

seven or a nine point rating scale. A seven or a nine point rating scale is used if the 

differences between concepts are subtler (Peter L. Jackson, 2009). In this case the 

experience is too low to use a seven or a nine-point scale for rating the concepts. 

The ratings are applied in table 5.4 and give a relation between a concept and the 

reference concept. 
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Table 5.4 Rating scheme relative to reference concept 

Relative performance Rating 

Much worse than reference concept 1 

Worse than reference concept 2 

Same as reference concept 3 

Better than reference concept 4 

Much better than reference concept 5 

 

5.1.5 Weighting the attributes 
“Material releaser” is chosen to be the reference concept because it is simple and a 

serious candidate for the final choice. Remaining concepts are compared with the 

reference concept and it is done by the rating system that is explained in the 

preceding text. Table 5.5 illustrates the results. 

 

Table 5.5 Performing an initial screening of alternatives 

Attribute 
name 

Robot 
with 

flexible 
gripper 

Robot with 
flexible 

material 
supply 

Material 
releaser 

Pneumatic 
cylinders 

with 
clamping 
gripper 

Pneumatic 
cylinders 

with 
vacuum 
gripper 

Handling 4 4 3 2 4 

Flexible 5 5 3 4 4 

Capacity 2 2 3 3 3 

Reliability 2 4 3 2 2 

Budget 2 2 3 3 3 

Space 4 4 3 3 3 

Controlling 5 5 3 4 4 

Durability 4 4 3 3 3 

Total 27 29 24 22 26 

 

5.1.6 Scoring and ranking the alternatives 
The sum of all the attribute weights is not equal to 100 % (table 5.6) the weights are 

taken from table 3.1 (Computing relative priorities of product objectives). If the sum 

of the attribute weights is equal to 100%, then the analysis would give the same 

result for the concept choice as shown in table 5.5. To add a different weight factor 

for the attributes name, it gives a bigger value for the chosen concept. 

 

Table 5.6 Attribute weights 

Attribute name Weights 

Handling 12 % 

Flexible 12 % 

Capacity 10 % 

Reliability 8 % 

Budget 12 % 
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Space 4 % 

Controlling 10 % 

Durability 4 % 

 

5.1.7 Selecting an alternative 
The ratings of the concepts are multiplied by the attribute weights. The sum of all 

this weighted scores from one concept gives a certain value. When all the values are 

calculated for every concept, a better and easier decision can be made for the 

concept that will be further developed. 

 

Table 5.7 Design concept rating 
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Handling 12 % 4 0,48 4 0,48 3 0,36 2 0,24 4 0,48 

Flexible 12 % 5 0,6 5 0,6 3 0,36 4 0,48 4 0,48 

Capacity 10 % 2 0,2 2 0,2 3 0,3 3 0,3 3 0,3 

Reliability 8 % 4 0,32 2 0,16 3 0,24 2 0,16 2 0,16 

Budget 12 % 2 0,24 2 0,24 3 0,36 3 0,36 3 0,36 

Space 4 % 4 0,16 4 0,16 3 0,12 3 0,12 3 0,12 

Controlling 10 % 5 0,5 5 0,5 3 0,3 4 0,4 4 0,4 

Durability 4 % 4 0,16 4 0,16 3 0,12 3 0,12 3 0,12 

Total   2,66  2,5  2,16  2,18  2,42 

Rank   1  2  5  4  3 

Continue   Yes  No  No  No  No 

 
As it is shown in table 5.7 “Robot with flexible gripper” has the highest rating and the 

concept will therefore be further developed. All the different concepts were 

compared with each other to complete the main requirements but not all of them 

fulfil the requirements as well as “Robot with flexible gripper”. The flexibility and 

controlling of “Robot with flexible gripper” is really high compared to the other 

concepts. The cost of the winning concept can be higher than the other concepts, 

but it have higher durability and reliability than the other concepts. 
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6. Developing the architecture 
At this point, all information is collected to begin detailed design of the system. 

Repeated application of the explore-and-optimize cycle will lead to a complete 

design. In this step of the process, “developing the architecture” a system view of 

the product is taken, it is broken into its subsystems, and developed a thorough 

understanding of how each subsystem works with the other subsystems within the 

context of the system to achieve the desired behaviour of the overall system. The 

goal is to describe each subsystem with sufficient clarity that detailed design work 

can precede in each subsystem independently of the design work on other 

subsystems (Peter L. Jackson, 2009). 

 

The process that is followed is a primary construction method from Fredy Olsson. 

Figure 6.1 shows a flow diagram from concept description to complete system 

summary. The previous chapters have led to a conceptual design. To continue the 

work the conceptual design will now be analysed further. The system is divided into 

subsystems and each subsystem will either be selected or designed. The project 

group does not have any working experience and the system is custom built 

therefore the selection or design of the subsystems will go more through the special 

treatment and less through routine. The product summary will include 3D CAD-

models, technical component specification and detailed descriptions of the 

subsystems. (F. Olsson 1995) 

 

 
Figure 6.1 System architecture according to Olsson 
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Figure 6.2 Concept description of the winning concept  

 
Figure 6.2 is taken from chapter 4 and it shows the subsystems of the chosen 

concept. In table 6.1 the components are divided into “standard components” and 

“unique components”. Standard components are products/parts that already exist 

and are available on the market. Unique components are custom built parts that do 

not exist on the market. Both the standard and the unique components are split up 

into subcategories, “routine” and “special treatment”. Routine selected standard 

components are well proven product parts and their function is well known. 

Selecting a part by routine will decrease the engineering time and cost. Standard 

components can go through special treatment, which helps the engineer to find the 

ultimate product part that fits in the system (F. Olsson 1995). 

 

The robot is set as a standard component because there are already existing and 

well-proven robots. The robot will go through the special treatment process and not 

selected by routine because it has to fulfil specific requirements. The material supply 

and the gripper are unique components, they may not be found on the market, they 

will not be designed by routine because there is lack of knowledge about them. By 

following the special treatment process for the unique components, other solutions 

can maybe found on the market or may provide useful information for further 

design. The frame and the table will be designed by routine because their functions 

are simple and well known. 
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Table 6.1 List of unique and standard components 

System Routine Special treatment 

Standard component  Robot 

Unique component Frame Material supply 

Table Gripper 

6.1 Designing the behaviour  
The operational description template (ODT) table 6.2 shows the behaviour of the 

subsystems and identifies the interfaces. The information in table 6.2 is useful in the 

special treatment process, it describes everything from beginning to end and it also 

illustrates every function of the components. Table 6.3 shows the derived functional 

requirement together with originating requirements for each component. It is 

critically important to be able to take any detailed requirement and trace it back to 

its origin (Peter L. Jackson 2009). 

 

The initial condition of the system is “unloaded” and it starts with the operator 

placing the frames for the segments. Then the operator loads the material supply 

with the segments and the graphite parts, the material supply holds and distributes 

the parts into the proper position for the gripper. The robot with the gripper moves 

to the picking position and picks the material. The gripper arranges the material 

during the movement to the frame, when the robot reaches the frame the gripper 

releases the material onto the frame. The next step is to repeat the steps from 

picking material to placing material until the frame is fully assembled. The last step is 

that the operator removes the loaded frames. Note that the robot is inactive while 

the operator loads the material supply and places/removes the frames. The 

segments and the graphite parts are always in the same picking position. 
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Table 6.2 Operational description template (ODT) 

Operational description  

Initial condition: 

System is unloaded 

Operator System Material supply Robot Gripper Frame Table 

Place the frame       

      Holds 
frame 

Loads the 
material supply 

      

  Holds the material     

  Distribute material to gripping 
position 

    

  Secure material in proper position     

   Moves to material supply    

    Picks the material   

    Detects picked 
material 

  

   Moves to the frame    

    Releases material   

     Holds 
material 

 

 Repeating until 
frame is loaded 

     

     Is loaded  

Removes frame       

Ending conditions: 

System is unloaded 
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Table 6.3 Relations to Originating Requirements 

System 
Subsystems 

Material 
supply 

Robot Gripper Frame Table 
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Holds the 
material 

Moves to 
material supply 

Picks the 
material 

Holds 
material 

Holds 
frame 

Distribute 
material to 
gripping 
position 

Moves to the 
frame 

Detects picked 
material 

Is loaded 

Secure 
material in 
proper 
position 

Releases 
material 
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The material 
shall be 
supplied 

The system 
moves the 
material to the 
frame 

The system grip 
the material 

The frame 
shall hold 
the 
material 

 

The system 
shall detect 
the material is 
in proper 
position 

The material is 
placed in a 
proper position 
on the frame 

The material is 
placed in the 
gripper 

The system shall 
move to a 
certain point 

The system shall 
hold the 
material 

The system 
avoids hitting the 
operator 

The system shall 
detect the 
material is in 
proper position 

The system shall 
detect a collision 
with an operator 

The system 
release the 
material 

The system shall 
stop immediately 

The system shall 
detect one part 
is dropped 

The remaining 
material parts 
shall be dropped 
at that certain 
point 

The system shall 
detect one part 
is broken 
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6.2 Developing the subsystems 
The system is divided into subsystems as mentioned earlier at beginning of this 

chapter. Every subsystem is described and further developed in detail. 

6.2.1 Robot 
In the previous chapter “optimizing design chose” concept 1 won the rating (Robot 

with flexible gripper). Concept 1 has a robot as subsystem and it is clear that the 

robot is not designed. The robot is considered as a standard component and as it is 

shown in figure 6.1 the robot goes through the special treatment process, because 

there is lack of knowledge and experience to make a routine choice. 

 

The robot should fulfil the requirement shown in table 6.4. Research has been done 

which is illustrated in table 6.5, it shows the most common robots on the market and 

their properties. 

 

Table 6.4 Robot requirements 

Robot 

Moves to material supply 

Moves to the frame 

The system moves the material to the frame 

The material is placed in a proper position on the frame 

The system shall move to a certain point 

The system avoids hitting the operator 

The system shall detect a collision with an operator 

The system shall stop immediately 

The maximum budget is SEK 900.000 

 
On the market there are at least ten different brands of robots. For the 

benchmarking five well-known brands are chosen to be compared. The robot that 

fulfils the requirements will be chosen for the concept. The robot brands that are 

chosen are ABB, Fanuc, Kuka, Motoman and Universal robots. All the information 

that is gathered from the robots is listed in table 6.5. For every robot one model is 

chosen. This choice is based on the reach and the payload. To do a good and fair 

comparison the robots should have reasonable comparable values. 

 

The Motoman and Fanuc models have almost the same properties, they have low 

weight compared to their speed and reach. The ABB model has a high weight and 

low speed compared to the other robots. The Kuka model has almost twice the 

weight as Motoman and Fanuc models, but a higher speed and payload. All four 

mentioned robots need to have a safety screen around them. The universal robot is 

the only robot that does not need a safety screen around it, and when the robot hits 

the operator it will stop automatically. The universal robot will not injure the 

operator because of the low speed and mass. 



33 

 

The universal robot model UR-5 will be selected, it is the only robot that does not 

need a safety screen around it, and it is the only robot that will not harm the 

operator. There will not be any advanced screening because UR-5 is the only robot 

that fulfils the safety requirements. See Appendix 2 for technical specifications. 

 

Table 6.5 Benchmarking data for available robots  

      

Company ABB Fanuc Universal 
robots 

Kuka Motoman 

Model IRB 140 LR Mate 
200iC/5LC 

UR-5 KR 6 R900 
sixx WP 

MH5LF 

Price (SEK)  300.000   300.000  221.000  300.000  250.000 

Payload (kg) 6 5 5 6 5 

Weight (kg) 98 29 18,4 53 29 

Reach (mm) 810 892 850 901,5 895 

Speed (m/s) 2,5 4 1 4,7 4,2 

Repeatability 
(mm) 

+/- 0,03 +/- 0,03 +/- 0,1 +/- 0,03 +/- 0,03 

Footprint (mm) 400 x 450 190 x 240  ø 149 320 x 320 205 x 194 

Safety screen 
required 

Yes Yes No Yes Yes 

 
To get a better picture of the comparison of the robots, all the information that is 

given in table 6.5 is visualised in figure 6.3. It shows the radar chart representation of 

benchmarking data, the requirements are on a scale of 1-5 were 1 represents “poor” 

and 5 represents “excellent”. In the figure Fanuc is not visible, because they have the 

same values as Motoman. 

 

 
Figure 6.3 Radar chart representation of robot benchmarking data 
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6.2.2 Gripper 
A Vacuum gripper will be designed. The gripper will consist of several parts, some of 

the parts will be selected and some will be designed. Figure 6.4 shows a rough sketch 

of what the gripper could look like and it identifies the different parts. The different 

parts of the gripper will be divided into unique and standard components see table 

6.6.  

 

 
Figure 6.4 rough sketch of vacuum gripper 

 
Table 6.6 List of unique & standard components 

Gripper Routine Special treatment 

Standard component  Vacuum cups 

Cylinder 

Unique component  Frame 

 

 
The gripper has to fulfil some requirements and these are shown in table 6.7. As 

mentioned earlier in this report the segments are brittle and can easily break 

therefore picking, holding and releasing movements have high priority. It will be a 

challenging job to fulfil all the requirements therefore some compromises will be 

made. The functional requirements are translated into technical which makes the 

research easier. The crown shaped segments have the smallest surface to pick the 

segments. Based on this segment the maximum vacuum cup diameter should be 

5mm. The stiffer the vacuum cup material is, the bigger the chance that the 

segments will break. Soft material for the vacuum cups also means that if there is 

some dust or dirt on the segments the vacuum cup will easily adjust to the surface of 

the segments. 
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Table 6.7 Gripper requirements  

Gripper 

Functional requirements Technical requirements 

Picks the material  < 5mm vacuum cups 

 Regulated air pressure 

 Soft material for the 
vacuum cups  

The system shall hold the material  

Releases material 

Detects picked material  Sensor  

The system shall detect one part is dropped 

The remaining material parts shall be dropped at 
that certain point 

The system shall detect one part is broken 

 
The gripper consists of 5 blocks the middle block is fixed on the robot. The function 

of the blocks is to hold the vacuum cups and to open/close.  

 

The maximum amount of assembled parts in one time is 5, therefore 5 blocks are 

chosen. Figure 6.5 shows an example of 5 parts that are in opened and closed 

position. The distance to move the segments is based on a space of around 2 mm 

between all the parts and the distance that is needed to move the part into each 

other. This space between the parts is needed to have the parts separated in the 

material supply. 

 

 

 
Figure 6.5 Material parts opened/closed condition 
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In the opened condition, the gripper will pick the material parts and in the closed 

condition, the gripper will move the material parts together. Figure 6.6 illustrates the 

opening and closing mechanism. The material parts shown in figure 6.5 need to have 

the biggest movements therefore the gripper is based on the movements of these 

material parts. 

 

The mounting blocks for vacuum cups are connected together with levers, therefore 

the parts are moving simultaneously. The mechanism can be driven by different 

kinds of devices, pneumatic rotating cylinder or pneumatic horizontal cylinder or 

electrical motor. 

 

 

 
Figure 6.6 Moving mechanisim opened/closed condition 

 
A rotating pneumatic cylinder is selected because of its simplicity and because it 

applies a rotating movement and that is the best way to steer this kind of 

mechanism. It makes the gripper robust compared to the other two devices. Figure 

6.7 shows a more detailed sketch of the vacuum gripper. It shows all the 

components for the gripper and how they are connected to each other. The vacuum 

cups are adjustable for different shapes of segments. The levers are fixed in the 

middle of the block to prevent the blocks from self-locking. An exploded view of the 

gripper and technical component specification are attached in appendix 2. 
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Figure 6.7 Final design of the vacuum gripper 

 

6.2.3 Material supply 
A material supply will be designed and the focus will be on simplicity. Figure 6.8 

shows a detailed sketch of the material supply. Table 6.8 shows the requirements for 

the material supply and as it is illustrated in figure 6.8 the requirements are fulfilled. 

The material supply holds, secures and detects that the materials are in proper 

position because of the shape. It distributes and supplies the materials to the 

gripping position due to the fact of the slope. The graphite parts can also be sticky 

(see table 2.3 Voice of the customer), therefore in the design in figure 6.8 the red bar 

on the right side is added for the separation of the graphite parts. On the two sides 

of the bar, slot holes are added to make the separation gap adjustable for different 

thicknesses of graphite parts. The other two red bars have big slot holes for adjusting 

the side plates for the needed width of the segments and graphite’s.  

 

The length of the material supply is around 375 mm, the maximum thickness of the 

segments is 7 mm (see appendix 4). With this length and the thickness of segments 

around two frames can be fully assembled. If this  is too short, then Husqvarna can 

decided to make the material supply longer. 
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Table 6.8 Material supply requirements  

Material supply 

Holds the material 

Distribute material to gripping position 

Secure material in proper position 

 

 
Figure 6.8 Material supply 

 

6.2.4 Frame 
Husqvarna construction products already have working frames, the frames are made 

from welded steel parts and they are not standardized. The main focus will not be on 

designing a new frame with new functions. There will be a routine design. The new 

frame will look like the current frame the only differences will be that all the frames 

will have same dimensions and that will increase the simplicity and reliability. Figure 

6.9 shows how the frame will look like. The yellow base plate is the standard design 

for all the assemblies. The green plate is for the different assemblies different. The 

blue support on the right side holds the green plate in place with the pins on the 

downside of the support, the support is removable  
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Figure 6.9 Assembly frame 

 

6.2.5 Table 
A table is needed for the system, on which all the subsystems will be placed. A table 

with high load capacity is required. Husqvarna Construction Products already have 

industrial tables that can handle high loads therefore a routine selection will be 

made because of the well-known properties.  

 

6.3 Complete system 
All the subsystems are gathered into one sketch (see Figure 6.10). In table 5.7 

concept 1 “Robot with flexible gripper” won. In this concept a conveyor belt is used 

for the assembly frame to move it when it is loaded. In the final concept the 

conveyor belt is replaced by a frame where the assembly frames can be placed on. 

The operator can replace easily the assembly frames that are loaded. On the table 

are more than one material supplies are placed, this is for the different segments 

that are assembled. 
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Figure 6.10 Complete automated assembly system 
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7 Prototyping and testing 
Before building and testing a prototype, the purpose of the concept test should be 

defined (Ulrich and Eppinger 2008). 

 

The purpose of building prototypes is to see if the promising concept would fulfil the 

main requirements. Two critical requirements are to “supply the material in proper 

position” and “grip the segments without breaking them”. To make sure that these 

requirements are fulfilled simple prototypes are made. Both the vacuum gripper and 

the material supply are made from wood, because it is the easiest and fastest way to 

build and test it. 

 

Figure 7.1 illustrates the cross section of the vacuum gripper and figure 7.2 shows a 

more overall view of it. A vacuum cleaner is connected to the counterbore hole on 

top of the vacuum gripper then the air pressure is distributed to two smaller holes. 

Two rubber rings are connected around the holes, the function of that is to get as 

close as possible to a vacuum cup and avoid air leakage.  

 

  
Figure 7.1 Cross section view of the vacuum 

gripper 
Figure 7.2 Overall view of the vacuum gripper 

 
Figure 7.3 shows the prototype of the material supply, the prototype is built to 

supply one type of segment, the space between the sidewalls are adjustable in the 

final design. The function of the material supply is illustrated well in combination 

with the vacuum gripper (figure 7.4 – 7.7). The prototype is loaded manually and the 

material is supplied to the proper position by a slope, which the materials slide and 

stops in front of the picking position, then the vacuum gripper grips the material and 

lifts it up, the bar that is mounted on top of the side walls is to avoid picking two 

pieces at the same time.  
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Figure 7.3 Prototype of the material supply 

 

 
Figure 7.4 Positioning the vacuum gripper 
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Figure 7.5 Gripping the segment 

 

 
Figure 7.6 Lifting the segment 
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Figure 7.7 Lifting the segment side view 

 
The prototype of the vacuum gripper has proved that air leakage is not a big issue if 

the airflow is high. The prototype of material supply has shown that the slope angle 

is critical for the best result. A high angle provides high sliding capacity but it 

damages the segments when the gripper lifts the front segment. The segment 

behind, slides with high speed and hits the front walls with high force. An angle 

between 18 – 22 degrees provides the best result, depending on which material is 

used for the material supply. 

 

The tests have been successful, both the vacuum gripper and material supply fulfil 

the requirements. The prototypes have a big impact on further development of the 

system because now it is known and proven that the vacuum gripper does not 

destroy the segment and that the material is supplied in the easiest way, by a slope. 

The reliability of the two main subsystems is really high and Husqvarna Construction 

Products can easily invest in more advanced prototypes.  

 

  



45 

 

8 Discussion and Conclusions 
The discussion and conclusion are written in the same chapter. This chapter shares 

the thoughts of the project group throughout the project.  

 

The biggest challenge in industrial projects like this is to satisfy both the company 

and the university. The company is interested in the results and the university is 

interested in the structure of the project. The best way to tackle a project like this is 

to have a good structure. Good structure means that the problem is defined, the 

current situation is studied and company requirements are set. Using a systematic 

approach through the whole project has been really successful, some of the 

processes in the project were tedious in the beginning but really useful later on such 

as defining the company requirements. The requirements have been translated and 

studied so no misunderstanding could appear. Creating a behaviour description of 

the system has made it really easy to break down the main problem into sub-

problems and from there solving the sub-problems to complete the main problem. 

The system includes well-known standard components and that makes the system 

robust and trustful. Finding standard components for the system has been a smart 

choice and it saves time.   

 

The best part of the project has been the prototype building, it has been really fun 

and useful. Prototype testing really did prove and satisfy the main requirements of 

the company, and that has been the critical point in order the company to believe in 

the concept. The prototype has also convinced the company to invest in the final 

design of the gripper. To prove that the system works and fulfil some specific 

requirements such as “a capacity of minimum 350 segments per hour” and “a 

minimum reliability of 99,5 %” a final prototype of all the subsystems is needed to 

see that the subsystems can work together. 

 

The project has been instructive in many areas, it has developed the responsibility 

and independence of the project group. It has taught the project group to think 

widely and it has prepared the project group for future industrial projects.     
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9 Recommendations  
The recommendations are set both for the company and for the readers that will use 

this report in their own work. 

  

The material of the vacuum cup is silicon. The selection is not based on any testing 

results. There are different kinds of material for vacuum cups, the best way to find 

out which fits the situation is to test one and see how it works in real life. Common 

errors can be stickiness, the material can wear out fast, and the material can be too 

soft or too hard.  

 

The prototype of the material supply was built in wood. The slope angle depends on 

the friction of the material that is used for the material supply. The best result for 

wood is an angle between 18 – 22 degrees. A big angle with low friction can damage 

the segments and a small angle makes the segments tilt instead of sliding. 

 

The most efficient way to place the subsystems can vary, depending on where the 

company place the system and how they mount the system. 

 

The gripping force from the testing of the prototype is generated by a vacuum 

cleaner. A vacuum cleaner has a high air flow and low vacuum resistant. If the 

airflow is low and the vacuum resistant is high then air leak can be critical.   
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Appendix 1 Planning 
 

 
 



 II 

Appendix 2 Robot specifications 
 

 
Figure 1. Technical specifications UR5 

 

  



 III 

 
Figure 2. Detail picture of UR5 
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Appendix 3 Gripper 
 

 
Figure 3. Exploded view of vacuum gripper 

 
There are selected standard component for the gripper and they are presented more 
detailed in this appendix. 
 

Vacuum cup and adapter 
 
Selection condition: 

1. Work pieces: segments maximum of 20 gram (see voice of the customer) 
2. Vacuum piping length: 1,5 meter (approximation) 
3. Adsorption response time: 300 milliseconds 

 
Vacuum pad selection: 
 

1. Based on the work piece size, the pad diameter is set to 4 mm and 2 pads per 
segment. 

2. Using the formula on the front matter 4 (SMC catalogue) will confirm the 
lifting force. 
 

            ⁄     
 

          ⁄
            

W Lifting force [N] 



 V 

 
                                    

 
P Vacuum pressure [kPa] 

 
S Pad area [cm2] 

 

  
 

 
                            

 
t Safety factor [ horizontal lifting: t = 4, vertical lifting: t = 8] 
 

    
Using t = 8, is calculate the worst case scenario. 
 

 
Figure 4. Horizontal and vertical lifting 

 

  
      

             ⁄
                       

 
3. According to the calculations -60 kPa or lower pressure can adsorb the work 

piece. Based on the work pieces shape and type, a flat silicon pad is selected: 
ZP3 – 04UMS.  
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Figure 5. Selected adapter 
 
Vacuum ejector selection 

 
1. Finding the vacuum piping capacity. Assuming that the tube inner diameter is 

2 mm the piping capacity is as follows. 
 

  
 

 
      

 

    
 

 

 
        

 

    
                      

 
2. Assuming that the leakage (QL) during adsorption is equal to 0 and the 

adsorption response time (T1) set to 300 milliseconds. Finding the average 
suction flow rate to meet the adsorption response time using the formula on 
the front matter 9 (SMC catalogue). 
 

  
    

     
 

         

   
                   

 
3. From formula on the front matter 8 (SMC catalogue), the maximum suction 

flow rate Qmax is:  
 
                                                             

 
4. According to the maximum suction flow rate of the vacuum ejector, a nozzle 

is selected: ZP3 – Y04UMSB502 (see figure 6) 
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Figure 6. Selection of vacuum adapter 

 

Rotary actuator 
 
The gripper needs to have a rotary actuator to fulfil the required function of the 
mechanism. The parts that will be moved will not increase a mass of 500g therefore 
rotary actuator model CRQ2XS10-90 (SMC catalogue) is selected. Figure 7 shows the 
technical specifications for CRQ2XS10-90. 
 

 
Figure 7. Technical specifications 

 
Air consumption is the volume of air that is expanded by the rotary actuator’s 
reciprocal operation inside the actuator and in the piping between the actuator. This 
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is necessary for selection of a compressor and for calculation of its running cost, QC 
air consumption required for one reciprocation. 
 
The air consumption of the rotary actuator can be calculated with the following 
equations: 

        (
     

   
)                  

 

          (
 

   
)                  

 
                       

 
Where: 
QC Air consumption required for one reciprocating of rotary actuator [liter] 
QCR Air consumption of rotary actuator [liter] 
QCP Air consumption of tubing or piping [liter] 
V Internal volume of rotary actuator [cm3] 
P Operating pressure [MPa] 
l Length of piping [mm] 
a Internal cross section of piping [mm2] 
 
Using Figure 8 an air consumption calculation is not needed, the air consumption is 
already given in the figure (SMC catalogue).  
 

 
Figure 8. Air consumption 

 
Assuming that the operating pressure 0,6 MPa is, therefore the air consumption is 
0,016 liter for one complete cycle.  
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Figure 9. Dimensions rotary actuator 

 
 



 X 

 

 

Figure 10. Mounting flange 
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Appendix 4 List cold pressed segments 
 
Table 1 List of cold pressed segments 
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Table 1 List of cold pressed segments (continued) 

 


