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ABSTRACT
The purpose of this thesis was to design automatic tool changer for
Universal collaborative robot UR5. The thesis topic was commissioned by
HAMKTech Robotics, a research department of HAMK university of
applied sciences. The main target of this thesis was to make a complete
automatic system for changing the tool of a robot, when two or more tools
are required for completing the operation.
Automatic tool changer makes work a lot easier and faster. Initially, the
tool used to be changed manually but the consequence was not good as it
used to consume more productive time into unproductive thing and
sometimes it is not precise. So, the commissioning party wanted to make
a tool changer for UR5 robot which will work automatically. The payload
of robot and the supply of pneumatic and electrical components are the
main aspects that needs to be considered while designing the tool changer.
This thesis was started with a lot of web-based research and was made
with close collaboration with the supervisor as well as with the client. The
old existing solutions were used as a guideline in order to make a clear
new solution which consists of all the requirement as needed.
The thesis consists of design ideas of automatic tool changer, CAD model
and pictures of 3D printed parts. The ideas and other calculations can be
used to produce the design if needed.
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INTRODUCTION
Background
When we think about robotics, the first thing that comes to our mind is
automation. Robotics is a subject in engineering which studies about the
robot. Over the last few decades, robots have been adding increasingly value
on the industry implementing a large number of repetitive tasks with good
reliability and speed. Robots are known to perform tasks automatically
without much human intervention, but initial programming and instructions
should be provided to them. The modern robot is an electro-mechanical
device which follows the instructions to carry out certain jobs. Robotics is
the continuous endeavor of robotics engineers to make machines capable of
performing tasks as delicately as a human can do and complicated, tough
and repeated tasks which human would not like to do. (Agrawal, n.d.)
Various types of robots are used in industries as automobile manufacture to
perform simple repetitive tasks. Industries have benefitted drastically from
the expanse of a robotic work force. Nowadays, robots are playing an
important role in society by assisting humans in the jobs which are dirty,
dull or dangerous. Besides industry and factory, robots have been used in
space exploration and performing the tasks that would be impossible for a
human to accomplish. Robots are contributing a lot in the well-being of the
modern-day society. This thesis work is about the design and development
of the tool changer for the universal collaborative robot which is used for
various purpose in HAMKTech robotics research lab. UR5 robot can handle
the payload of 5 kg and can reach up to 850 mm.

Figure 1 Example of UR5 robot used at HAMK Tech Robotics
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Customer requirement
Universal collaborative robot, also known as cobot, mainly focuses on a
closer interaction between human and the robot, where robot can be useful
for the human. It is one of the industrial robots which are used in various
jobs like process tasks (gluing, dispensing or welding), finishing tasks,
packaging and palletizing, pick and place and so on. It allows us to enter in
their workspace in order to be more interactive with them and to improve
the productivity. If an operator asks the robot to perform a task, the robot
will perform that task, and again after short interval the human will ask robot
to do another task and the robot will perform that specific task. But this will
be a tedious process. The operator has to ask or give command to a robot
every time. So, to make robot more efficient and productive, there should
be a choice to choose different tool for each task to perform. In order to
fulfill this need, HAMKTech robotics wants to make an automatic tool
changer for collaborative robots UR5 which consists the port for
transferring compressed air and electrical signal to the end effector as well.
Proposed approach
In order to solve the above problem, firstly it is divided into two parts. The
first part is the design of a tool changing device, which allows the robot to
change and pick the required tool. The second one is the design of a tool
holder which is installed near to the robot station, where all other tools are
located.
For the first part, automatic tool changer will be designed and manufactured
for the prototype. It consists of two parts, a master-side which is attached to
the robot and a tool side which is attached to the tool. While changing the
tool, the master side of robot will fit with the tool side and hence, the
required tool will be grabbed.
About the tool holder, it is flexible support for the tool, and it will not take
too much space on the worktable or near robot station. It will be able to hold
at least three different tools or more if needed. The robot will grab the
required tool from the tool holder and put it back there once the work is
completed.
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TOOL CHANGING MECHANISMS
Robots are mechanical devices that are programmed to perform specific
repetitive functions. They are blessing for humans in various aspects. In
today’s world, robots are replacing the humans and becoming increasingly
integrated in production line. Its rapid growth makes us to think, improve
and develop more new technologies that are connected to them like tools,
sensors, etc.
Collaborative robots are cost effective, flexible, safe and user friendly that
work in a close interaction with a human within a defined space. They are
making automation easier than before. Cobot is the future of the automation
industry. (Robotics, 2018)

Figure 2 Collaborative robots arm (Technology, 2019)

Collaborative robot can perform number of tasks. It depends upon the
amount of tool they have at working station. One robot can perform
different tasks from same station without necessity of moving it from one
place to another. This is possible only if there is tool changing mechanism.
A tool changer is a device which are used to change end effectors so one
robot can perform multiple tasks. It is fixed on the wrist of the robot and
allows the robotic cell to switch from one tool to another. It provides
flexibility to change end effectors or other peripheral tooling which are
designed to function reliably for millions of cycles maintaining high
repeatability. Robotic tool changer consists of two mating parts, a masterside and a tool side that have been designed to lock together and carry a
payload. The master side of the tool changer mounts to a robot and the tool
side of the tool changer mounts to tooling which can be griper, welders and
other tools.
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There are variety of tool changer available in the market. Tool changer can
be either manual or automatic. The choice of Tool changer is directly
influenced by the task that the robot performs. If a robot is instructed to do
a repetitive task and the tool needs to be changed once in a long interval of
time, then manual tool changer can be a best choice. But if the tool needs
to be changed often, the best way is to use the automatic tool changer.

1
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Figure 3 Robotic tool changer and it parts (SCHUNK)

Besides the locking mechanism of the tool changer, there are more things
that are attached to them for power and signal transmission. There are pins
for electric transmission and other ports which will transmit air, fluid and
so on. This will help to set up a connection between tool and robot, when
robotic tool changer is used. (Babcinschi, 2018)
Some of the leading manufacturers of tool changers are shown below.
Model

Working
Principle

Clamping
Mechanism

Payload
(kg)

Weight
(kg)

ATI MC-10

Manual

Click

10

0.2717

ATI QC-40

Pneumatic Taper and balls

50

1.7

Schunk SWS 005

Pneumatic Taper and balls

8

0.37

100

1.4

50

0.4

10

0.2

Schunk
Pneumatic Taper and balls
SWA-076-000-000
Millibar
Manual
Locking lever
MTC 315-UR
OnRobot
Manual
Click

Table 1 Examples of tool changer
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Manual tool changer
Manual tool changer are used if there is no air supply in the robot that helps
in locking procedure. Also, it can be used if the tool does not have to be
changed often. Manual Tool changer consist of a tool side and a Master side
plate. The master side is permanently connected with the robot arm and the
tool side with one of the tools. The connection of Master side and tool side
is done manually by the use of human hand.
There are various models of manual tool changer that are available in the
market. The main concern about MTC is its locking mechanism.
One of the manual tool changers, manufactured by Schunk is HWS which
is locked and unlocked by the use of lever attached within it. Other model
is ATI MC-10 which is cost effective and perfect for all UR robots. It is
locked and unlocked by a twisting mechanism.

Figure 4 HWS tool changer (Manual tool changer, n.d.)

Figure 5 ATI MC-10 (Manual tool changer, n.d.)
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Automatic tool changer
Automatic tool changer is same as like a manual tool changer, but main
difference is the tool is changed automatically by the wrist of the robot or
by other means. Only thing we have to do is that the robot needs to be
programmed beforehand.
ATC is mainly categorized into two groups: active and passive tool changer.
Active tool changer functions electrically or by some pneumatic actuators.
Figure 6 is an example of an active tool changer which is manufactured by
ATI industrial automation. It is operated by pneumatically actuated piston.

Figure 6 Automatic tool changer (Robotics org, 2015)

In Passive system, the wrist motion of a robot is used to lock and unlock the
tool. There are other locking methods like robot pressed, spring mechanism
which falls under passive tool changing system. (Babcinschi, 2018)
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DESIGN PROCESS
Engineering design process is a series of interconnected steps that engineers
follow in order to find the solution of a given problem. It starts with the
customer requirement or an idea of a product and ends to a developed
product. It is not necessary to follow the exact steps every time. Generally,
Engineers find the solution, design it, test it and if they find some problem
with the solution, they move to the beginning step to change the design or
to change it.
The diagram below shows the steps of engineering design process which
are followed which designing the tool changer for UR5. (Project Guides,
n.d.)

Identify the problem

Research

Identify the problem

Research

Specify Requirement

Brainstorm, Evaluate
and develop ideas

3D modelling
3D modelling

Brainstorm, Evaluate
and develop ideas

3D printing and Testing
Prototype
3D printing and Testing
Prototype
Solution meet the
requirement

Solution does not meet
the requirement

Solution meet the
requirement

Solution does not meet
the requirement

00

3

Finalizing Idea

Final 3D Modelling

Finalizing Idea

Final 3D Modelling

Testing Final Prototype
Testing Final Prototype
Report and Results
Report and Results
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3D printing and Testing
Final Prototype
3D printing and Testing
Final Prototype

Problem identification
The first and most important thing is clear understanding of a problem. One
must know about the problem and reasons to solve it. This includes list of
products or customer requirement and some information about functions
and features of the product.
In HAMK Tech Robotics and research lab, there is a universal collaborative
robot (UR5). Whenever the robot is instructed to perform different task, the
tool of a robot needs to be changed manually. It required one extra human
hand as well as more consumption of time in unnecessary task. So, they
wanted to make an automatic tool changer which can change the tool of a
robot as required. Currently, there are three varieties of end effectors(tools)
which are being used together with UR5. The automatic tool changer should
be able to work with all these three tools. Also, there should be tool holder
near the robot station in order to place all the tools and making the robot
easier to grab the required tool.

Research and information
Research is another important step in design process. It refers to analyzing
the problem carefully or doing detailed study of problem by using some
scientific articles or using the internet (web-based research). A good
research will lead the project to a successful path.
Before entering the design process of an automatic tool changer, necessary
information related to the problem and all the materials and resources which
are available to use are checked. Below is the list of some questions which
were considered while doing the research and collecting the information
about the problem.
➢ Is the problem defined correctly?
➢ Is there any existing solution for the given problem? If yes, who is
the manufacturer?
➢ What can be adopted from the existing solution to make new
solution better?
➢ What are the flaws in the existing solution?
➢ What more changes can be done to make it use effectively?
(Khandani, 2005, p. 10)

Design solutions
The most challenging part of the product development is to find a new
solution which have to be simple yet effective to use. Many challenges
occurred while finding a new solution for a given problem. It is one of the
important steps where many solutions are created and made a comparison
in between them to find the better one. Multiple ideas for automatic tool
changer are generated and proposed to the client.
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Several tests are performed on each and every design idea and only after
that the best one is selected for implementation. Before implementing the
design solution, the selected design is analyzed whether it fulfill all the
requirement or not. Some of the important requirement that the automatic
tool changer should fulfill are mentioned below.
➢
➢
➢
➢
➢

Functional requirement
Strength analysis
Safety
Manufacturability
Assembly

Functional requirement

Strength analysis

Safety
Manufacturability
Assembly

The design should function properly. There should
not be any failure while using the automatic tool
changer and have to work precisely.
It includes analysis of mechanical features of a tool
changer. The tool changer have to hold every end
effector and should not break due to force and torque
of the robot.
Safety is the primary factor in product design to
assure that there is not any harm to living being by
use of the specified product.
The tool changer should be easy to manufacture.
The product i.e. tool changer should be designed and
manufactured for the ease of assembly.

Table 2 Requirement of a design solution (Khandani, 2005, p. 13)

Idea 1

Figure 7 Sketch for idea 1
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Idea 2

Figure 8 Sketch for idea 2

Idea 3

Figure 9 Sketch for idea 3
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Selection of idea
This is the toughest part of design process. All the proposed design/ideas
are evaluated by using gained skills and knowledge and the best one is
selected for the implementation.
Table 3 below shows the idea evaluation screening matrix. Each idea are
given points ranging from zero to five. The one with less importance gets
point one and the one which have maximum influence gets five. For
instance, the idea which gets one in cost and five in assembly is expensive
in manufacturing process but is very easy to assemble. Idea with the highest
total point is considered as the best idea and is continued for further
implementation.

Idea 1

Functionality
3

Cost
3

Assembly
5

Strength
4

Total
15

Idea 2

4

4

4

3

15

Idea 3

5

4

5

4

18

Table 3 Comparison of ideas

Final idea
In Table 3, idea 3 got the highest point and is selected as a final design. It is
low in cost, easy to assemble, good functionality and have high strength as
compared to other ideas. Figure 10 is the final design of the automatic tool
changer which consist of one pneumatic and electric connection port. So,
further calculation and modification in design were made.

Figure 10 Automatic tool changer for UR5
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DESIGN DETAILS
Tool changing operation
The working mechanism of a tool changer is completely mechanical and
automatic. The rotational and linear movement of different arms of robot
are used for locking and unlocking the tool changer. It consists of port for
transmission of electric and pneumatic signals to keep smooth and
automatic connection between robot and different end effectors. This tool
changing system is also known as spring loaded system, as a spring will be
placed in between middle part and top plate as shown in Figure 11 . The
main function of the spring is to stop the middle part from being misplaced
or move upward.
Other port for pneumatic as well as for electric connection can be added in
the tool changer, if required. This tool changer can even be used in under
water construction, as it does not need any electric power supply for
operation.
The robotic tool changer and all its part were modelled in 3D modelling
software Creo parametric 4.0.

1

2

8

3

4

7

5
6
Figure 11 Different parts of a tool changer
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1

Master side/Tool side

2

Electric connection (Male part)

3

Electric connection (Female part)

4

Middle connection

5
0
6

Tool side

7

Pneumatic connection port

8

Compression spring

Bottom plate

Master side (Robot side)
The master side of the tool changer is always mounted with the wrist of the
robot. It is considered as the main part, as the locking mechanism fully
depends in it. Firstly, it will move linearly downward up to the bottom of
the tool side and after that the wrist of the robot will be rotated by almost
90 degree and gets locked together in the groove of tool side.
The upper circular plate consists of four M6 threaded hole for connecting it
with wrist of the robot.

1

2

Figure 12 Master side of a tool changer
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1

2

It is a small pin of diameter 3.5 mm which will be fitted in a groove
of middle connector to prevent from rotational motion.

It is a small pin of diameter of about 5 mm. This pin is the main
element helping in locking mechanism. It will be rotated in the
circular groove of tool side and gets locked in the slot.

Figure 13 Pin used in locking process

Tool side
It is attached with the end effector i.e. tool of the robot. Only one end
effector/tool can be attached with one tool side. The number of tool side
depends on the number of end effectors that we have. All the end effectors
cannot be directly attached with the tool side, so there is a need of one
connection plate in between tool side and the end effector. That connection
plate is known as a bottom plate. It is designed differently according to the
shape and size of end effectors.

3

1

2

4
1
Figure 14 Different parts of tool side

14

1

It is pneumatic connection port through which air passes from
robot to the end effector. The required diameter of pneumatic
connector in this tool changer is 4 mm.

Figure 15 Festo pneumatic port(tool side)

2

It is the slot where the master side goes linearly to the bottom
of the tool side before the actual locking process begins.

3

It is female connection port/holder for electric signal
transmission between robot and tool.

Figure 16 Adapter side electric connection module (SCHUNK)

4

It is a circular groove, where the master side is rotated by 90
degree and gets locked together with tool side.

15

Middle connector
It is attached together with the master side. It will be fixed in middle of a
master side by a spring from top and small pin from the bottom. A spring of
high strength and large thickness is used. A small hole like feature provides
support for spring to be in a fixed position. It consists of two spikes in the
bottom, which will go inside the tool side during locking process to make it
stable. There is a port for pneumatic and electric signal transmission. Other
ports can be added in this part, if required.

1
2

(a)

3

4
5

(b)
Figure 17 (a) and (b) showing different parts of middle connector
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1

It is male connection port/holder for electric signal
transmission between robot and tool.

Figure 18 Master side electric connection module (SCHUNK)

2

3

It is a small circular hole where spring will be placed. It will
help the middle connecter to be in a fixed position without any
linear movement but allows rotational movement in necessary
condition.

It is pneumatic connection port through which air passes from
robot to the end effector. The required diameter of pneumatic
connector in this tool changer is 4 mm.

Figure 19 Festo pneumatic port(Middle connector)

4

5

The two spikes like features will help during locking process.
It will go inside the holes of tool side and prevents the
middle connector from being rotated. It will help to make
the locking process more precise and accurate.

These are the four grooves where small pin from the master side
will be placed during locking process preventing the middle
connector from being rotated. It helps to make the locking
procedure precise and accurate.
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Bottom plate
Bottom plate is always connected with the tool side, as it is the connector
between end effector and the tool changer. The shape of bottom plate varies
with the type of end effectors that are being used.
There are two extra holes in each of the bottom plate as shown in Figure 20.
Those holes are for resting the tool changer in the tool holder. There will be
two spikes in the tool holder. The robot will precisely align the holes and
the spikes and place the tool changer in tool holder before grabbing another
tool.

Figure 20 Bottom plate attached with tool side

In Hamk robotics lab, three different types of end effectors are being used
currently. For all those end effectors, bottom plate with different dimensions
should be designed and manufactured.
Gripper
A gripper is a device which enables the holding of an object to be
manipulated. (Applied robotics, n.d.) It is connected with the wrist of the
robot. Various types of gripper are available in market, but the gripper that
we are using currently is tooling/finger design gripper. It is known as RG2
gripper.

Figure 21 RG2 gripper (Rg2, 2018)
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Figure 22 shows the bottom plate that will be attached with the tool side. It
consists of four M6 threaded holes for connecting RG2 gripper. The four
holes in the middle, of diameter 5(mm), are for connecting it with the tool
side. Firstly, the bottom plate will be connected with the tool side and only
after that, other parts are attached with it.

Figure 22 Bottom plate for RG2 gripper

As RG2 gripper cannot be directly connected with the bottom plate. So,
there is a need of one extra connector between bottom plate and gripper as
shown in Figure 23.

Figure 23 Connector between bottom plate and gripper

After connecting all parts together, the tool changer is ready for RG2
gripper. The robot can automatically change the gripping tool once after the
robot is programmed. The view of bottom side of tool changer after
connecting every part is shown in
Figure 24.
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Figure 24 Final view of bottom part of tool changer

Gripper with wrist camera (2F-85)
It is a finger design which enables both internal and external parallel
gripping as well as unique encompassing grip model. It also features unique
embedded part detection and opening feedback. This is suitable for pick
and place, assembly, machine tending and quality inspection. (Robotiq 2F85, n.d.)

Figure 25 Robotiq 2F-85 (2F - 85 grippers, n.d.)
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Figure 26 shows the design of a bottom plate which will be attached together
with the tool side of the tool changer. It consists of four M6 threaded holes
for connecting the gripper. In this case, the gripper, bottom plate and tool
side are connected by a single bolt.

Figure 26 Bottom plate for 2F – 85

After connecting all parts together, the tool changer is now ready for gripper
with wrist camera (2F – 85). The final assembled view of the tool changer
is shown in Figure 27.

Figure 27 Assembled view of 2F - 85

Electric vacuum generator Ecbpi
These are the vacuum generators that do not need compressed air. They can
be used in mobile robotics, in autonomous warehouses or stationary
handling tasks with collaborative robots.

21

Application of Ecbpi
• Intelligent electrical vacuum generator for handling airtight and
slightly porous work
• Integrated interface for controlling and monitoring the handling
process.
• For use in mobile robotics, fully automated small parts handling
and stationary handling tasks (Schmalz, 2017)

Figure 28 Electric vacuum generator Ecbpi (Ecbpi vacuum generator, n.d.)

The bottom plate and the flange plate that will be connected along with the
Ecbpi is shown in Figure 29.

(a)

(b)
Figure 29 (a) bottom plate (b) Flange plate of Ecbpi

After completion of assembly of bottom plate, flange plate and Ecbpi with
the tool side of the tool changer, it is now ready to use. The final assembled
component is shown in Figure 30.
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1
2
3

Figure 30 Assembled components of Ecbpi
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1

Tool side of a tool changer

2

Bottom plate of Ecbpi

3

Flange plate of Ecbpi

TOOL HOLDER
For the efficient use of tool changer, there should be a tool holder near the
robot working station. There should be place for each tool/end effector in
the tool holder, so that the robot can grab the required tool from it. The main
factors that need to be considered while designing the tool holder is that it
should be easy to install, easy to manufacture and inexpensive.
Before moving onto the final design of the tool holder, few deign has been
made and tested for a prototype. Each time some modifications were made
in the design and make it better than the earlier one.
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Design ideas
Many ideas and rough sketches were made in order to find the correct tool
holder. All the ides are compared to each other and the one which fulfilled
all the requirement is taken into the next step for manufacturing.
In HAMK robotics lab, there are three different tools that are in use at the
moment. So, the tool holder is designed on the basis of those three tools.

Idea 1

Figure 31 CAD model of idea 1

The idea shown in Figure 31 is a sample of a tool holder. The plate at the
bottom and the long rod provides full support for all the tool changer placed
in it. In the top plate, three tools can be placed. There is enough space for
the robot to move back and forth while changing the tool.

Advantages
• All components can be manufactured in the lab
• Assembly is done by welding
• Accessible for robot to move during tool changing process

Disadvantages
• Cannot be used if there are more tools
• Bottom plate should be heavy to make the whole design stable
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Idea 2

Figure 32 CAD model of idea 2

Another design of tool holder is shown in Figure 32. It can hold three tool
changers. Some parts are available in market and some parts need to be
manufactured in the lab. This design consists of several small parts, which
should be assembled once after the manufacturing is completed. In this
design, nuts and bolts are used for joining the parts together.
Advantages
• Number of tool holder can be increased according to the requirement
• Easy to manufacture
• Easy to assemble and disassemble as connection will be nuts and
bolts
• Smaller space

Disadvantages
• Expensive, as commercial parts are used
• Bottom plate should be heavy to make the whole design stable
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Idea 3

Figure 33 CAD model of idea 3

Another device for placing the tools is shown in Figure 33. Three different
tools are placed in each compartment on the top plate. There is enough space
for the robot to move while changing the tools. This design is more stable
and stronger, and all the parts can be easily manufactured in lab. The four
pillars at the corner of the bottom plate can either be attached by nut and
bolt or by welding. The top plate will rest on those four pillars and is
connected either by welding or by nut and bolts.
The number of compartments for the tools in the top plate can be increased,
if required. This tool holder is suitable in those places where a single robot
have to work with many tools.

Advantages
• Easy to assemble and disassemble, if nuts and bolts are used
• Easy to carry in between places
• Stable
• Ground clearance
• Smaller space
Disadvantages
• Takes more time to manufacture, as design is a bit complicated
• Expensive
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Selection of idea
The selected design for the tool holder should fulfill all the requirements
that are proposed by the client. It should be cheap, easy to manufacture and
easy to assemble. While selecting the best design, an evaluation screening
matrix method is used same as like during selecting the tool changer. Each
idea are given points ranging from 1 to 5 on the basis of manufacturing,
assembly, cost and strength. The idea which gets highest point will be
selected as the best idea and will be continued further for implementation.

Idea 1

Functionality Cost
3
4

Assembly
5

Strength Total
3
15

Idea 2

4

4

4

4

16

Idea 3

4

4

4

5

17

Table 4 Evaluation screening matrix for idea selection

Final idea
In Table 4, idea 3 got the highest point and the idea is selected as a final
design. It is very easy to assemble, high strength but a bit expensive. The
cad model of final idea is shown in Figure 33. It consists of a place for three
different tools. But if there are large number of tools to be used by a robot
in the same working station, the place can be added as required.

6

3D PRINTING OF TOOL CHANGER AND TOOL HOLDER
In order to visualize the working mechanism of tool changer as well as the
tool holder, all the necessary parts are 3D printed and tested in the robotics
lab in UR5 robot.

Figure 34 3D printed tool holder
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Figure 35 3D printed prototype of tool changer

7

MATERIAL SELECTION
Material selection is one of the foremost functions of effective engineering
design as it determines the reliability of the design in term of industrial and
economical aspects. A great design may fail to be a profitable product if
unable to find the most appropriate material combinations. (Jayakody, n.d.)
The selection of material will actually involve a bit more than the property
profile. Shape and the ability to shape the material in desired form have
significant impact in some application. The full package in selecting the
materials is illustrated in Figure 36.

Function

Material attributes
Shape

Physical, mechanical,
thermal properties

Process

Figure 36 Material selection factors (Ashby, 2008, p. 80)
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The first step in material selection is translation i.e. translating the design
requirement to identify the constraints that they impose on material choice.
The design requirement of a component is derived from the analysis of a
function, constraints, objectives and free variables. Function refers to the
function of a component/design. Constraints is defined as non-negotiable
and negotiable but desirable conditions that must be met. Objectives is what
is to be maximized or minimized and free variables are the parameters of
the problem which are free to change. (Ashby, 2008, p. 83)

Figure 37 Strategy for material selection (Ashby, 2008, p. 82)

The design requirement of the component are translated to function,
constraints, objective and free variables and is tabulated in Table 5.
Function

Tool changer/ Tool holder

Constraint

Material must be strength

Objective

Minimize the mass of
changer/toolholder and cost

Free variables

Choice of material

Table 5 Design requirement of a tool changer
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tool

Figure 38 List of material indices (Ashby, 2008, p. 94)

Figure 39 Strength against relative cost per unit volume (Ashby, 2008, p. 120)
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From the graph of strength versus cost and by using the formula of
minimum cost, strength, minimum weight in Figure 38, we can choose the
best material for tool changer and the tool holder is aluminum. As it is
cheap, strong, high strength, corrosion resistance and very light in weight
as compared to others.

8

DESIGN FOR MANUFACTURING AND ASSEMBLY
Design for manufacturing and design for assembly are commonly referred
to as a single methodology called design for manufacturing and assembly.
Design for manufacturing and assembly techniques are used to minimize
product cost through design and process improvements.
DFA is the method of the design of the product for ease of assembly. It is
mainly concerned with reducing product assembly cost. DFM is the method
of design for ease of manufacturing of the collection of parts that will form
the product after assembly. It is mainly concerned with reducing overall
production cost. Both DFM and DFA help to reduce material, overhead and
labor cost and shorten the product development cycle time. (David
Stienstra, n.d.)

Concept

Design for assembly

Design for manufacturing

Detailed design

In the design of tool changer, all the parts need to be manufactured, so
design for manufacturing and assembly was to be considered.
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Parts manufacturing
In this design, most of the parts need to be manufactured in lab and only
few parts are bought commercially. The parts that are manufactured in lab
are described below in Table 6.
Parts

Materials
required

Manufacturing
Process

Required
estimated time

Master side
(1 piece)

Aluminum sheet
(80*80*100) mm

-Manual lathe
(Turning)
-Drilling

2 hours (milling)

Tool side
(3 pcs.)

Aluminum sheet
(90*90*30) mm

Middle part
(3 pcs)

Aluminum sheet
(90*90*40) mm

Bottom plate
(3 pcs)

Aluminum sheet
(120*120*10)
mm

Holder for
RG2 gripper

Aluminum sheet
(100*100*80)
mm

Tool holder

Rectangular
-Turning
metal piece (2 -Drilling
pcs.)
holes

0.5 hours(drilling)

-CNC milling
(4- axis)

(2-4) hours
Bottom side
(2-4) hours
Top side
(2-4) hours
sides
-CNC milling
15 minutes
(4-axis)
Bottom side
(2-3) hours
Top side
20 minutes
Sides
(1-2) hours
Programming and
setup
-Water jet cutting 20 minutes
Cutting time
15 minutes
Programming and
setup
-Milling
N/A
-drilling for holes
N/A
for

Support rod Circular
metal -Turning
for
tool rod ( 4 pcs.)
holder

N/A

Flange
ECBPI

30 minutes
Top side
30 minutes
Bottom side
1 hour
Sides

for Aluminum sheet
(70*70*25)

- CNC milling
(4-axis)

Table 6 Manufacturing process and time of different parts
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Assembly
An assembly is one of the subsystems in manufacturing system where the
individual components of a product are joined together and thus integrated
into a final product. In order to make a tool changer, several parts are
assembled together. Since the payload of robot is only 5 kg, so the main aim
was to use less component, reduce cost and weight of the tool changer and
make it easy to assemble.
All the parts of tool changer are assembled together with the threaded nuts
and bolts of different size which can be easily available from the market.

(a)

(b)

(d)

(c)

(e)
Figure 40 Assembly of master side
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Figure 40 (a), (b), (c), (d) and (e) shows the process of assembly of master
side of the tool changer. Firstly, the spring is fitted together with the master
side as shown in Figure 40 (b). There is not any need of nuts and bolts in
this process of assembly. After the spring is assembled, the middle
connector is inserted which is shown in (c) followed by a small pin which
will be placed in a groove as shown in (d). The small pin will provide full
support to the middle connector. Lastly, another big pin will be inserted in
the hole of the Master/tool which is shown in (e).
The middle connector consists of port for pneumatic and electric
connection. Both adopters will be assembled with this part before attaching
it with the master side. The assembly of middle connector along with
pneumatic and electric connection module is shown in Figure 41.

Figure 41 Pneumatic and electric connection in middle connector

After assembly of the master side, it can be connected with the wrist of the
robot with the help of four M6 threaded bolt. The master side of the tool
changer is assembled together and is ready to use.
In the assembly of tool side of the tool changer, we need two M6 threaded
and four M5 threaded nuts and bolts. The number of tool side depends uopn
the number of end effectors that will be used.
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(a)

(b)

(c)
Figure 42 Assembly of tool side

Figure 42 (a), (b) and (c) shows the process of assembly of tool side of the
tool changer. The bottom plate is connected with the tool side by two nuts
and bolts. The design and dimensions of bottom plate is different for all the
end effectors. The end effector is connected with the bottom plate with the
help of one bracket as shown in (c). That bracket is for connection of RG2
gripper. For 2F -85, the end effector is directly attached with the bottom
plate.
There are electric and pneumatic connection port in tool side. All the
adapters are connected with the tool side before the bottom plate and the
bracket is assembled with it.
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9

COST ESTIMATION
One of the main phases in product design is cost analysis. Cost estimation
is a summation of all the costs involved in successfully finishing a project
in project duration. It accounts for each element required for the project,
starting from materials to labor.
In the design of tool changer and tool holder, rough estimation of cost for
manufacturing was made. The final cost of tool changer depends on the cost
of materials and the cost of labor.

Cost of materials
For the tool changer, almost all parts are manufactured in lab and only few
parts are bought commercially. For manufacturing, we need aluminum sheet
of various sizes as listed in Table 6 and those parts are bought commercially.
The cost estimation of the materials needed in making the tool changer is
shown in Table 7.

Parts

Quantity
(pcs)

Aluminum sheet

17
(Various sizes)

30

510

1

10

10

Multiple sizes

N/A

50

Spring
Nut and bolt

Price per part
(euros)

Total price
(euros)

570 €

Total

Table 7 Parts and estimated price

Cost of manufacturing
Manufacturing is simply the process of converting raw materials in the form
of components or parts onto a finished goods that meets the expectations
and specifications required. Manufacturing process may involve human
workers or machines.
Manufacturing costs are the costs which are incurred during the production
of a product. These costs include the costs of direct material, direct labor,
and manufacturing overhead. For the tool changer and tool holder, the type
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of manufacturing used is machining. Paying wages to employees is one of
the major manufacturing expenses. As all the parts are manufactured in
Hamk lab and the machining specialist rate is about 100 € per hour. So, the
approximate cost of manufacturing is calculated as:
Labour cost = Working time * Operating rate

Since, the total time of machining is hours as calculated in Table 6. So,
Labour cost is calculated as
Labour cost = 14 * 100 = 1400
Therefore, total manufacturing cost of a final product is calculated as:
Total manufacturing cost = Labour cost + Materials cost = 1970 €
The above value is just the rough estimation of the price. The cost may go
up and down depending on the parts that have to be bought commercially.

10 CONCLUSION
HAMKTech robotics and research group, a research department of HAMK
university of applied sciences is the most creative and innovative research
center. This thesis topic was commissioned by HAMKTech robotics. The
main aim of this thesis work was to make a complete automatic system for
changing the tool of a robot.
The tool changer designed in this thesis fulfill all the requirements proposed
by the client. In the beginning, a lot research was made in close
collaboration with the supervisor and with the client. Many design ideas
were discussed, and modification was made in them. The design process
during this thesis included many brainstorming phases and discussion with
the supervisor. The ideas created initially were considered reasonable but
later some issue regarding their function were realized. So continuous
improvement in the design was made and at last a solution was selected and
proceeded for further implementation. Design was the most timeconsuming phase in this thesis. A prototype of the tool changer was made
using 3D printed parts and tested it in a lab. Some minor errors were
detected during testing phase. By consulting with the supervisor and doing
some modification in the design, testing of a prototype was successful.
However, this design is not the final one. There is always a possibility of
doing some modifications for better improvement of the design.
To conclude, this thesis work give a potential product design, which helps
to replace the manual tool changing mechanism to automatic and saving
enormous amount of time. I got opportunity to gain experience in the field
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of designing, robots, product development and selection of materials. This
thesis helped me to increase my skills in time management, report writing
and critical thinking. All this experience and knowledge will be helpful in
my future professional working life.
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Appendix 4
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Appendix 5
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Appendix 6
Technical drawing of bottom plate for 2F 85
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Appendix 7
Technical drawing of bottom plate for ECBPI

vii

Appendix 8
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Appendix 9
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