TAL
TECH

TALLINN UNIVERSITY OF TECHNOLOGY
SCHOOL OF ENGINEERING
Department of Mechanical and Industrial Engineering

GLUING PROCESS ROBOTIZATION FOR PASSIVE
ANTENNA ASSEMBLY UNIT

PASSIIVSE ANTENNI KOOSTU LIIMIMISE PROTSESSI
ROBOTISEERIMINE

MASTER THESIS

Student: Roman Tsdpov

Student code: 204696MARM

Supervisor: Juri Riives, Professor

Tallinn 2023



AUTHOR’S DECLARATION

Hereby I declare that I have written this thesis independently.
No academic degree has been applied for based on this material. All works, major
viewpoints and data of the other authors used in this thesis have been referenced.

“2" January 2023

Author: Roman TsOpov
/signed digitally/

Thesis is in accordance with terms and requirements

“2" January 2023

Supervisor: Juri Riives

/signed digitally/

Accepted for defence

Chairman of theses defense COMMISSION: vriiiiiiiiiiiiiiiiiiiiiiereesserrraiannaes

/name and signature/



Non-exclusive licence for reproduction and publication of a graduation thesis

I Roman Tsbpov,

1. grant Tallinn University of Technology free licence (non-exclusive licence) for my thesis
“Gluing process robotization for passive antenna assembly unit”,

supervised by Juri Riives

1.1to be reproduced for the purposes of preservation and electronic publication of the
graduation thesis, incl. to be entered in the digital collection of the library of Tallinn
University of Technology until expiry of the term of copyright;

1.2to be published via the web of Tallinn University of Technology, incl. to be entered
in the digital collection of the library of Tallinn University of Technology until expiry
of the term of copyright.

2.1 am aware that the author also retains the rights specified in clause 1 of the non-
exclusive licence.

3. I confirm that granting the non-exclusive licence does not infringe other persons'
intellectual property rights, the rights arising from the Personal Data Protection Act or
rights arising from other legislation.

(signed digitally)

“2" January 2023



Department of Mechanical and Industrial Engineering

THESIS TASK

Student: Roman Tsdpov, 204696MARM
Study programme: MARM Industrial Engineering and Management
Supervisor: Professor Juri Riives, +372 501 0107

Thesis topic:
(in English) Gluing process robotization for passive antenna assembly unit

(in Estonian) Passiivse antenni koostu liimimise protsessi robotiseerimine

Thesis main objectives:
1. To study the assembly process robotization possibilities and to find out the
criteria for suitability analysis
2. To analyze collaborative robots implementation possibilities for assembly
robotization and the role of humans in man-robot cooperation
3. To design the principles for efficient robot-cell application implementation in the
assembly process

Thesis tasks and time schedule:

No | Task description Deadline
) Master s thesis structure. Research objectives. State of the 26.09.2022
Art. Robotization task description
Main topics of the master s thesis: robotization suitability 09.12.2022
2. analysis, robot-cell design, human role in cobot oriented

workplace, efficiency analysis

Completion of master’s thesis. Updating and making 21.12.2022

corrections. Formalization of work.

Language: English Deadline for submission of thesis: "2” January 2023

Student: Roman Tsdpov (signed digitally) “2” January 2023

Supervisor: Jiri Riives (signed digitally) “2" January 2023

Head of study programme: Kristo Karjust ............. M " January 2023
/signature/



CONTENTS

PREFACE .. ..ttt e e e e e e e et et 6
List of abbreviations and symbols. ... 7
1. INTRODUCTION ..tuiutiiieeeeeneneeeneaeaeseeseasaeeaeaeaeeasasaeneasasasasasnsnsnsnenensnes 8
2. PRODUCT AND MANUFACTURING PROCESS DESCRIPTION......ccvvueinenenenenenenen. 11
2.1 Product desCription .......oeiiii e e 11
2.2 Assembly process description .......ccveiiiiiii 13
3. ROBOTIZATION SUITABILITY ANALYSIS . ..iiiiiiiiiiiieieieneneneneneneneenenenenensnenenens 17
3.1 Robotization justification ..o 17
3.2 Collaborative robots versus industrial robots............cocoiiiiiii 22
3.3 Robotic assembly in Human-robot collaboration ...........cccoviiiiiiciennnn, 24
4. ROBOTIZED WORKSPACE DESIGN ...cuiuiuiuiuineieeseeaeensenssnanenensnenananananns 28
4.1 Best robot selection ... 28
4.2 End of Arm Tooling and axillary equipment selection..............ccooeiiiiinins 32
4.3 Workplace layout and production cycle design.........ccoeeiiiiiiiiiiiiiiieeenne. 37
4.4 Performance criteria selection....... oo 42
5. IMPLEMENTATION PROCESS IN THE COMPANY ...cuiuiiiiieineeneeneeneeneneenenens 43
5.1 Robot-cell implementation ...........ocoiiiiii i 43
5.2 RISK @Naly SIS .o e 44
6. PERFORMANCE ANALYSIS ...tiiitiiiiitiiieaeiereaeneeeaeseneaensneasnenenenensnensnenenensnsnenens 46
6.1 Performance measuremMent ... ..o e 46
6.2 Payback period calculation ..........oooiiiii i 48
S0 1A 2 PP 50
O]V Y 0 1 1 =SSP 51
REFERENGCES .. ettt e et ee e e e e e e e e e e e e e e e e e e e e e et e e e e e enens 52



PREFACE

The thesis was written based on the author's use-case research for the “Industrial
Robotics and Advanced Manufacturing” course at TalTech last spring. This thesis
represents the extended version of the previously mentioned assignment. The idea for
the thesis topic was chosen from the author's previous work experience.

The author would like to express his most significant appreciation to his supervisor Jiri
Riives. Thank you for your time and constant support.

Keywords: robotization, gluing, production, master thesis.
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1. INTRODUCTION

Latest reports show that mobile data traffic is constantly growing. It means that mobile
network operators should start increasing capacity and speed to fulfil customers' future
demands [1]. Fourth generation (4G) is one of the most used mobile network standards;
it allows to transfer of data with a maximum speed of 100 Mbps. From a regular
customer perspective, the 4G network allows one to watch high-quality videos, video
chat and stream all other types of internet content. As mentioned previously, mobile
data traffic is increasing, and the 4G network will not be able to fulfil the request of
customers. Fortunately, the next generation of mobile networks has already been
developed and is rapidly implemented by mobile network operators across the globe.
Fifth generation (5G) is the mobile network standard for transmitting data up to 10
Gbps. 5G network is not only solving the problem of growing data traffic, but also it
opens new opportunities for customers, such as the application of Augmented Reality,
Virtual Reality, self-driving, cloud services and intelligent factories [2].

Passive
— antenna

Remote
__— radio head

Mobile
provider core
Baseband network
processor

=1

Figure 1.1 Work principle of traditional mobile network

To summarise, a conventional mobile network includes three essential elements [3]:

e Device connected to the network

e The base station consists of the mast, passive antenna, remote radio head and

baseband processor

e Mobile provider core network
Everything starts with the device sending an analog signal to the base station located
at the high point. The antenna of the base station receives the analog signal. It transfers
it to the remote radio head, where the analog signal is converted to a digital one and
sent to the baseband processor. The baseband processor processes the signal and sends
it to the core mobile provider network. After receiving the signal, the mobile provider's



core network fulfils the request contained in the signal. It sends a new signal the same
way back to the device, converting a digital signal to an analog in the remote radio
head. This type of communication happens thousands of times per second.

Current trends in the telecommunication industry show growing demand for decreasing
amounts as well as dimensions of equipment needed for setting up the base station [4].
Commonly new equipment is installed on the already existing base stations, which are
occupied by the equipment of the previous generation of mobile networks. In addition,
some mobile network operators (MNOs) do not have their own masts and are renting
out places for equipment on the masts of different MNOs. The price for renting space is
calculated based on the dimensions of the equipment [5]. Besides, for alleviation of the
installation process, there is a request to make equipment lightweight.
Telecommunication hardware suppliers answer to that trend with the release of
advanced antenna systems (AAS) to the market. AAS is a combination of passive
antenna and remote radio head, which are enclosed into one unit, allowing not only to
reduce the volume of equipment but also decrease power consumption. AAS stands to
be a foundation for 5G networks [6].

Figure 1.2 Comparison of AAS manufactured by Nokia (on the left) [7] and passive antenna
manufactured by Varius (on the right) [8].



As for now, there needs to be more information regarding the mechanical structure of
AAS in open sources. However, illustrations show similarities between AAS and passive
antennas. Both antennas have plastic covers through which the signal is transmitted. In
the production of passive antennas, adhesive bonding is a widely used process as it
firmly seals electronics inside a plastic housing. Keeping in mind the fact that AAS should
be lightweight and capable of working outside it is very likely that adhesive bonding will
be used or already used during their production as well. For ensuring quality and

increasing production capacity automation of adhesive bonding is essential.

This thesis focuses on robotization adhesive bonding using a passive antenna as a basis.
The author analyses the possibilities of robotizing the gluing process in the
manufacturing procedure of the antenna assembly, chooses an expedient robot and the
necessary work tools and plans a robotic workspace. During the execution process, it
becomes clear that the usage of collaborative robots is more rational. Based on the
nature of the product and production process, the workspace has been designed and

human-robot interaction has been defined.
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2. PRODUCT AND MANUFACTURING PROCESS
DESCRIPTION

2.1 Product description

For this work, the author has chosen a passive antenna - SISO-700/2700-12/15 DBI
manufactured by Varius. It is an outdoor antenna designed to support second-
generation (2G), third-generation (3G) and 4G standards. This antenna was chosen due
to the availability of technical data and video materials for the disassembly process in
open sources [9]. Based on that information author created a simplified 3-dimensional
(3D) model of the antenna using the computer-aided design software SolidWorks.

Figure 2.1.1 Simplified 3D model of SISO-700/2700-12/15 DBI

General technical data of SISO-700/2700-12/15 DBI:
Length x Width x Height: 1220 x 285 x 130 mm
Weight: 8,7 kg

The antenna consists of:
e Unplasticized Polyvinyl Chloride (UPVC) housing
e Top and bottom UPVC covers
e Aluminium frame
e Printed circuit board (PCB)
e Mounting brackets

11



PCB is populated with different electrical components, ones of which are diploes. Dipoles
are transmitting and receiving radio signals through UPVC housing from connected
devices. PCB is placed on an aluminium frame which is giving robustness to the
construction and is connected to the bottom connectors via cables. On the back side of
the unit mounting brackets are affixed. The top and bottom covers enclose electronics
from precipitation. Also grounding cable is always connected to the antenna to protect

it from the danger of high voltage.

Reinforcement N '

Screws for Top cover

affixing
PCB

]
PCB with l 1
dipoles s 3

Screws for Housing

bottom
cover

Bolts for
affixing
mounting
brackets

Figure 2.1.2 Exploded view of SISO-700/2700-12/15 DBI (cables not shown)
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2.2 Assembly process description

The process of formation of movable or non-movable connections of the different parts
is called an assembly. Movable connections are determined by the possibility of
component movement and in most cases are detachable, which allows disassembly and
reassembly of the connection. Non-movable connections firmly link components and do
not allow any movement. Non-movable connections are both detachable and non-
detachable [10]. Overall, assembly operation is divided into 2 main groups: general
assembly and sub-assembly. The scope of general assembly involves the final product
itself and sub-assembly focuses on the assembly of the items which are considered to
be components for the final product. A big role in the creation of a link between
components plays material of these, as it is one of the key factors for understanding the
applicability of certain assembly techniques. Assembly techniques are categorized as
[11]:

e Fastening - link is created by external hardware such as bolts, nuts, washers
etc. This technique is most suitable for the assembly of parts which are not
permanent and require service or adjustments. As parts are not permanent,
broken or damaged components can be easily replaced with functional ones,
increasing the lifespan of the product and minimizing the necessity of buying
new ones.

¢ Welding - a process of using heat or compression to create a joint between
components. A method is mainly applicable for the assembly of metal
components, but it is also used for linking non-metal components — ceramics and
plastics. Welding joints are stiff but non-detachable. Implementation of welding
requires unique equipment and protective supplies, as the process is dangerous
for a human being.

e Soldering - operation used to obtain a permanent connection of components from
various materials by introducing between these components a molten material
that has a lower melting point than the material of the components to be joined.
As a result, mechanical and electrical contact is formed, capable of carrying
mechanical loads. Same to welding joints, soldered joints are also non-
detachable.

e Adhesive bonding - method of linking elements, which is based on the adhesion
of the adhesive layer and the material being bonded. Adhesive fills in the gap
between the parts and creates a strong connection with the non-detachable

element.

Onwards author will focus on adhesive bonding only as this technique is applicable to
the product chosen above.
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In modern days adhesives are used in the production of numerous things. Adhesives
can be found in automotive, aerospace, electronics, construction, furniture industries
and even in medicine. Such a wide variety is caused by the advantages of adhesives.
The primary benefit of using adhesive is that its application to the surface does not
damage or deform the material. In addition, bonded joints are light weighted, if
compared to the mechanical ones, do not cause stress concentration, provide better
stress transfer and can be used there, where other joining technologies are not
applicable.

On the other hand, adhesives have limitations, some adhesives have limited storage
time and require a special environment for storage. The long curing time of some
adhesives requires the use of fixtures to support the bonding load, disassembly of
bonded joints is generally impossible without damaging material and adhesive materials

are commonly toxic and fire hazardous [12].

The process of adhesive bonding starts with a selection of adhesive [13]. In order to
choose the right adhesive following parameters should be considered:

e Substrate type - each substrate has its own physical and chemical properties
and will behave differently with the substrate with which is going to be bonded.

e Mechanical stresses — all forces applied to the bond should be examined.

e Environmental conditions - including temperature, amount of UV light, humidity
etc.

e Hardening time - some adhesives have very low hardening time, which can
speed up the assembly time, but at the same time can create extra scrap due to
mistakes during assembly.

e Safety - through modern adhesives are becoming more human friendly, some
adhesives still consist of toxic elements. For the application of these adhesives,
special conditions should be established. For instance, extra ventilation or
respirators for human personnel.

Secondly, the necessity for surface preparation is reviewed. The most common methods
for surface preparation are [14]:

e Degreasing - removing all the loosely held dirt with the help of an easily
vaporized solvent.

e Abrasion - sandblasting or sandpaper is used for the removal of dirt, oxide

layers and other contaminants.

e Chemical treatment - special chemicals are applied to the surface for improved
adhesion.

14



After the surface preparation step, adhesive can be applied to the surface of the

component and attachment of the second component is followed. For some bonded

joints additional mechanical load should be applied with the aim of improving the quality

of joint. On condition that after hardening, the joint passes the quality check adhesive

bonding process is considered to be successful. If during quality inspection defects are

found, then bonded joint is repaired or scraped and the process starts from the

beginning.
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Figure 2.2.1 Flowchart of adhesive bonding process
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The assembly flow of the antenna starts with the placement of the PCB into the

aluminium frame and affixing of it, after that cables are linked from PCB to the

connectors on the bottom side of the unit, and lastly reinforcement is attached to the

frame. Succeeding with sub-assembly, the process continues with frame positioning

inside of the housing, and then mounting brackets are fastened. During the final

assembly step top and bottom covers are joined to the housing using adhesive and

screws on the bottom cover are affixed. Before sending the antenna to a customer, it

passes 2 tests: functional test and air leakage test. The functional test examines the

radio parameters of the antenna while the air leakage test is checking antenna sealing.

If the product fails on any test it goes to repair.

/" Startof \
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and affixing > of cables of » frame inside mounting
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Y

Affixing
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screws

Testing
Repair
No
Product
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ﬂJnil is read)N
‘\for shipmenl/‘

Figure 2.2.2 Flowchart of the assembly process

For this particular antenna type adhesive bonding is used during the assembly process

due to following reasons:

¢ Adhesive will easily fill the gap between the cover and housing, as a result, PCB

will be encapsulated from moisture.

¢ A bonded joint is lighter than the mechanical one, consequently, the mass of the

unit will be smaller

e From an aesthetic point of view unseen connection points to which adhesive

bonding refers, make a product look final.
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3. ROBOTIZATION SUITABILITY ANALYSIS

Currently, there is a vast number of different industrial robots that robot manufacturers
offer. The nomenclature of these is constantly increasing. The definition is needed to
recognise the meaning of industrial robots. International Standard Organisation (ISO)
[15] and various robotics organisations: Association of Advancing Automation [16], The
British Automation and Robot Association [17], Japan Industrial Robot Association [18]
consider a robot to be a device capable of performing operations automatically, normally
done by a human operator and which manipulator is controlled by flexible programming
systems. The meaning of a robot will finally be formed by the end effector, which can
perform the planned task.

3.1 Robotization justification

In the current production process dispensing of the glue on the covers is done by
workers using a manual dispensing gun. This process has the longest operational time
of 160 - 180 seconds per cover and commonly manually dispensed covers do not obtain
the desired quality because workers cannot provide a continuous glue flow into the
covers' grooves, leading to a repeat of operation. Additionally, pressing dispensing gun's
trigger requires constant hand tension, which can lead to injuries in the long-term

perspective.

Figure 3.1.1 Manual dispensing gun [19]
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Figure 3.1.2 Cover of antenna

This issue can be solved with the implementation of the robot. Firstly, the robot will
secure that flow of the glue is continuous. Secondly, robotization of this process in future
will reduce consumable costs because every time, the robot will apply only the needed
amount of glue. Thirdly, if a robot does this operation, it will minimise man labour and
workers will have more spare time for completing other operations. And finally, robots

will always deliver consistent quality.

However, a feasibility analysis of assembly process robotization should be conducted
before robot implementation. The analysis results will show if there is a real need for

robotization.

As a basis for feasibility analysis author took a template developed by the Innovative
Manufacturing Engineering Systems Competence Center. An analysis is generic and
consists of four categories: technology, products, objectives and situation in the
company, experience and opportunities of the company. Each category consists of 5
questions and is distributed based on pre-defined answer points. The Sum of points
from each category will show the expediency of robotization. In the end, all the points

will be summarised and an aggregate decision will be made.

Table 3.1.1 Assessment within the category

Range of points Conclusion

5-12 Robotization is not needed
12-18 Moderate expediency
18-25 Robotization is essential
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Table 3.1.2 Aggregate assessment

Sum of points Conclusion

5-40 No need

41-55 Moderately necessary
56-75 Reasonable enough
76-100 Very expedient

Table 3.1.3 Feasibility analysis of assembly process robotization

Technology | Handling of assembly components
Solution is developed Solution is used for assembly
(3 points) automatization
(5 points)
Feeding of assembly components
Solution exists and is | Different types of feeding
implemented to some extend | mechanisms are used
(3 points) (5 points)
Is it possible to use group or standard technology solutions?
No Possibilities for optimizing the
(1 point) assembly process have been
analyzed (5 points)
Is there a need for takt time synchronization?
No For some extend
(1 point) (3 points)
Is there a demand for decreasing cycle time?
No For some extend
(1 point) (3 points)
TOTAL: 15 points CONCULUSION: Moderate expediency
Products Formation level of product families

Average
(3 points)

Large
(5 points)

No
(1 point)

Number of products in assembly process

Small (individual
production)
(1 point)

Nomenclature of products

Large

19

Design for cost-effective assembly is part of product development process?

Yes, it already works
(5 points)

Large (large series or mass
production)
(5 points)

(individual
production)

Small (large series or mass

production)




(1 point) (5 points)

Robotization will disturb production rhythm?

Yes For some extend
(1 point) (3 points)
TOTAL: 15 points CONCULUSION: Moderate expediency
Objectives Is there a need for new labour?
and No need for new There is a shortage of labour (5
situation in labour (1 point) points)
the Improvement of product quality is needed?
company Not needed Need exists
Assembly operation is a bottleneck?
No Constant bottleneck
(1 point) (5 points)
Increase of production output
Not needed Urgently needed
(1 point) (5 points)
Current assembly equipment and process are amortized or outdated
No Updated is urgently needed (5
(1 point) points)
TOTAL: 17 points CONCULUSION: Moderate expediency

Experiences
and
opportunities
of the

company

TOTAL:

Experience in digitalization

Slight
(1 point)

Some experience
(3 points)

Experience in robotization

Company uses 1-2 robots (3 | Company has broad knowledge

points) and experience (5 points)

Financing opportunities

Few, state support is Sufficient to implement even

needed large-scale projects
(1 point) (5 points)
Experiences in the implementation of investment projects

Slight Large

(1 point) (5 points)

Experience and competence of robot operators and technicians

Average Great skills and knowledge
(3 points) (5 points)
13 points CONCULUSION: Moderate expediency
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Table 3.1.4 Assessment results within the categories

Category Conclusion

Technology 15 points (60%) - Moderate expediency
Products 15 points (60%) - Moderate expediency
Objectives 17 points (68%) - Moderate expediency
Opportunities 13 points (52%) - Moderate expediency

Table 3.1.5 Aggregate assessment results

Sum of points Conclusion

62 Reasonable enough

Based on analysis results, the company demonstrated interest towards robotization,
understanding benefits of it and showed a desire for development, despite a lack of
experience. Additionally, the company is ready to reorganise already established
internal processes. From now on, the topic of robotization should be included in all
phases of the product life cycle, especially during the product design stage. To conclude,
the analysis confirmed the reasonable necessity for robotization of the company's

assembly process.

Before moving forward, the robot job should be described. The main goal of robotization
is to make the robot precisely dispense one component glue on the two covers. From a
robot operator's perspective, they should place lids into the fixture, which is located in
front of the robot, scan QR-codes inside of the covers, which contain the serial number,
and based on information from the QR-code robot should start dispensing the glue. After
every finished program robot should take a photo of dispensed covers and save it to the
cloud with a serial number. To avoid movement of the fixture, the fixture should be

affixed to the floor.
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3.2 Collaborative robots versus industrial robots

Both industrial and collaborative robots are suitable for fulfilling needed goal, but each

has advantages and disadvantages. Table 1.6 shows a comparison between those.

Table 3.2.1 Qualitative comparison of collaborative robots and industrial robots

Features Collaborative robots Industrial robots
Price Low High

Footprint Small Big

Return on Investment (ROI) Quick Slow

Reprogramming

Easy and relatively quick

Hard and time consuming

Safety equipment

Built-in

Purchased separately

Payload Small High
Maintenance Quicker and cheaper Slower and more expensive
Usability High Low
Precision High Low
Operation speed Slow High
Mobility High Low
People competence Low High

If we compare collaborative robots with industrial robots within the framework of above-
mentioned features, we will see that cobots (collaborative robots) are more relevant.
Cobots are less expensive, which means that the Return on Investment (ROI) period is
smaller, they do not occupy a lot of floor space, are easily reprogrammable, can work
within the same environment as production workers and have a lower maintenance cost.
For small and medium-sized enterprises (SMEs), producing a high mix of products with
low volumes, the ability to adjust cobots for completing other tasks and straightforward
relocation is a significant benefit. European Union regulations cause cobot suppliers to
follow specific safety standard [20] to mitigate the risk of human injury. Standard
describes the necessity of implementing safety features into robot software and
hardware by the robot manufacturer. However, not always built-in safety features are
sufficient. A risk assessment should be conducted to establish the need for additional
safety equipment. Last but not least, the competence of people interacting with cobots
can be grown faster, as cobots are more user-friendly and do not frighten people due

to successful industrial design.

Regarding glue dispensing, accuracy can become a problem as after performing a
needed task for a long time, the cobot can start completing the required program less
precisely. Fortunately, this risk can be mitigated by regular maintenance and

implementation of camera calibration into the program. Additionally, extra ventilation
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may be considered part of occupational safety and health requirements due to the

possible toxicity of the glue.

Currently, cobots can be found across numerous industries: automotive, aerospace,
agriculture, electronics, healthcare etc [21]. Cobots are ideally suitable for repetitive
tasks such as machine tending, quality control, material handling, assembly etc.
Implementation of cobots helps to reduce incidents at workplaces and improve quality.
Moreover, there is a constant increase in the cost of manual labour and a decrease of
people available on the market, so the deployment of collaborative robots will alleviate
these risks in the long run for companies. Governments are also supporting and
stimulating enterprises to robotize their productions as a part of the Fourth Industrial
Revolution to help enterprises stay competitive on the market [22].

Next Move Strategy Consulting forecasts the collaborative robot market to be worth
1990.2 millions of dollars by the end of 2030, growing at a Compound Annual Growth
Rate of 11.8% between 2022 and 2030 [23]. This can indicate that more companies are
expected to implement cobots for their needs. Due to the constant development of
cobots, cobot manufacturers will deliver cobots with improved characteristics to the
market, which will fulfil occurring requests from customers. Finally, technology will

become even cheaper and more affordable for enterprises.
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3.3 Robotic assembly in Human-robot collaboration

The latest manufacturing industry trends show rapid robotisation development within
the Industry 4.0 scope. However, not all activities of human labour can be replaced by
a robot. On the other hand, acceleration of the production process can be achieved by
partial robotization. Human-robot collaboration (HRC) is a process of purposeful, mutual
and safe activity of humans and robots, which appeared due to partial robotization. To
understand the possibilities of HRC's existing assembly process, products should be
evaluated within HRC automation.

For this particular work author chose a methodology developed by Malik [24].
Methodology studies product and process based on six assessments: Component (Cp),
Mounting (Mt), Feeding (Fd), Safety (Sf), Fastening (Ft) and Miscellaneous (Misc).
Considering all of the potential of HRC for the assembly step is calculated. Malik suggests
examining human-robot collaboration if the potential is above 70%.

The author divided the studied product into six parts: frame with affixed PCB #1,
housing #2, brackets #3, bolts #4, covers #5, and bottom screws #6 (Fig 1). For this
case, a frame with an affixed PCB is considered one part due to the complexity of their
subassembly.

Figure 3.3.1 Components used for evaluation
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Table 3.1.1 Evaluated HRC potential for each task

Component nhame Cp Mt Fd Sf Fs Misc Potential
Frame with PCB 25 75 25 50 100 50 54,2%
Housing 68,75 75 25 50 75 33,3 54,5%
Brackets 100 50 12,5 50 75 66,6 59,0%
Bolts 100 50 25 75 75 66,6 65,3%
Covers 75 75 87,5 75 50 83,3

Bottom screws 100 75 37,5 75 75 66,6

The further author conducted calculations described by Malik. Results showed that the
assembly of covers and fastening of bottom screws could be done by a robot, while a
human should execute all other tasks. Onwards author will focus only on the assembly

of covers.

Human-robot interaction is a field of study that focuses on how humans and robots can
work together and communicate. Studies show that human behaviour changes while
interacting with robots. This factor is critical as successful execution of a task for both
humans and robots is pending on that [25]. The ultimate goal is to create a seamless
and intuitive interaction between humans and robots, allowing the two to work together
efficiently and effectively.

>4

Collaboration

2

Cooperation

S
o

. ’
Coexistence 1

Figure 3.3.2 Types of human-robot interaction [26]

Even though collaborative robots are meant to work together with humans, interaction
levels can differ depending on the application. Interaction between robots and humans

is divided into the following classes: coexistence, cooperation and collaboration.
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Work area Work area Work area

Work time \ Work time Work time
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Figure 3.3.3 Characteristics of classes for human-robot interaction [27]

Classes are determined by specific characteristics: work time, work area, common
objective, and contact. The time when humans and robots interact in the common work
area is considered work time, representing coexistence. For defining cooperation, both
person and robot should have a common objective of interaction and shared work time
and work area. If during cooperation, direct contact between robot and human occurs,

then this kind of interaction can be considered as collaboration [27].

In the gluing process, the interaction between human and person is determined as a
collaboration due to the necessity of glue cartridge change, as described in the following
chapters. Figure 3.3.4 describes more preciously the roles of human and robot within
the process.

{ Attach it to End process
Start gluing the housing
- process
[ Install cover
E on the fixture
:E Remove glue
Change glue for the cover dRemoved Leave for
cartrige ISPENSE curing
cover
Launch No—s| Notify human ~ | Notify human >
dispensing
program Start glue

- dispensing Make photo
-8 Acceptable? of dispensed
) cover
(14 Check Yes I Y

presense of L T Ty

cartrige and Perform Finish glue :

amount of calibration dispensing quality OK? Yes Database

glue

Figure 3.3.4 Distribution of tasks between human and robot during gluing process
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Safety is a much relevant topic which should be considered for HRC. The theory
describes three main concepts for securing safety in HRC:

e Controlled collision - if a collision between a human and a robot appears, it is
controlled. In other words, it is safe for both humans and machines. The idea of
this method is to limit forces which impact humans.

e Active safety - different sensors (proximity, force etc.) or surveillance systems
are connected to the robot and detect collision before it happens. If the active
safety system is triggered, the robot stops any movement.

e Adaptive safety — due to sensors, the robot gets the signal of a possible collision
and applies corrective actions to avoid it without stopping the primary operation.

Risk assessment results are needed to define the necessity of additional safety
equipment. Auspiciously, all cobots are supplied with a safety system that can control
collision. Risk assessment is not in the scope of this particular work, so the author will
move further, taking into account only the collision control system supplied by the cobot

manufacturer.
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4. ROBOTIZED WORKSPACE DESIGN

4.1 Best robot selection

Robots suitable for industrial applications can be classified by their mechanical structure.
Each structure has its own technical capability and application area. The most common
robot structures are:

e Linear - consists of three sliding joints, capable of moving only in a linear
direction. Most suitable for loading, transporting, palletizing tasks.

e Cylindrical —a vertical pole relative to which the arm is moved in and out, up and
down, around the pole—typically used for loading and unloading assignments.

e Articulated or joint armed - vertical column is connected to the rotatable base
on one side and rotary joint on the other. The number of rotary joints can be
different and each joint adds one extra degree of freedom. Robot recalls human
arm and due to its flexibility, is the most widely used robot type in the
manufacturing industry. Robots can be used for assembly, welding, painting etc.
operations.

e Selective Compliance Assembly Robot Arm (SCARA) - consists of two arms
connected together with vertical rotational joint and attached to the base. The
robot has four-axis and freedom of movement along the X-Y-Z axes, rotating
around the Z axis. Mainly used for assembly works [28].

For the glue dispensing process author chose a joint-armed robot because of its
flexibility and suitability for different types of applications.

Before moving forward, the working concept of joint-armed robots should be explained.
The system consists of three units: the robot itself, a robot controller and a teach
pendant, which is not vital. The robot is the most visible part of the system and is
responsible for making various mechanical movements. The robot controller is in charge
of gathering data from the robot's sensors, processing that data, and then instructing
the actuators to move and perform the tasks. A computer program or a human operator
can also provide input to the controller, instructing it on what tasks and moves the robot
should make [29]. The teach pendant is a hand-held device typically consisting of
buttons and a display connected to the robot controller and used for manual
programming of the robot. Additionally, the teach pendant is needed for manual control
of the robot and troubleshooting the robot's problems [30]. Depending on the robot
manufacturer, both the robot controller and the teach pendant can be included in the
final price of the robot or sold separately.
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Figure 4.1.1 Teach pendant, robot controller and robot [31]

The market of joint-armed robots is vast, different suppliers provide robots for various
applications. Before choosing a particular robot supplier and model, it is essential to
conduct research and evaluation of robot models. The evaluation phase should include
a comparison of robots within specific technical parameters. If a comparison of technical
parameters does not show the preferable option, other parameters, such as cost,
previous experiences, and availability of auxiliary devices should be considered.
For comparison author has chosen the following parameters:
e Footprint on the production floor — the amount of production area that the robot
will occupy
e Payload - maximum weight which the robot is capable of lifting up
e Working range - the area in which the robot can access
e Number of axes - increased number of axes enables the robot to access a more
significant space area
e Movement speed - shows how quickly the robot can relocate the end of its arm
e Accuracy - shows how preciously a robot can reach a prescribed point
e Repeatability - shows how accurately a robot can revert to a predetermined
location
Within the framework of this comparison the author decided to focus on the robots from
5 different suppliers:
e Fanuc Co. Ltd.

29



e ABB Ltd.

e Yaskawa Electric Corporation

e Universal Robots A/S

e KUKA AG
These suppliers have been chosen as they are the biggest robot manufacturers on the
market and provide convenient robot selection options on their web pages.

FILTER BY Load capacity v | Reach v | Series v | Applications v | Industries v 1 Results

Selected filters  Glueing and sealing x  Collaborative x  Electronics x Clear all x

CR-14iA/L

The perfect match between a small size and a
heavy payload.

6-axis robot, long arm

version

« Axes: 6
« Payload: 14 kg

e Reach: 911 mm

Find Out More

Figure 4.1.2 Robot finder by Fanuc Co. Ltd. [32]

The selection was made using three main parameters:
e Application area: Dispensing/Gluing
e Industry: Electronics

e Robot should be collaborative

Table 4.1.1 Technical parameters of selected joint-armed robots [33] [34] [35] [36] [37]

Fanuc ABB Yaskawa Universal KUKA
CR-14iA/L GoFa™ CRB | Motoman Robots LBR iiwa 14
15000 HC10DTP UR10e R820
Classic
Footprint 297x235 165x165 215x215 190x190 310x310
(mm)
Payload (kg) | 14 5 10 12.5 14
Working 911 950 1200 1300 820
range (mm)
Number  of | 6 6 6 6 7
axis
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Movement 500 2200 2000 1000 2500
speed

(mm/s)
Accuracy No data No data No data 0.1 No data
(mm)
Repeatability | £0.01 +0.05 +0.05 +0.05 +0.15

(mm)

To find out the most suitable robot, the author rated each technical parameter within
each category with a grade from 1 to 5, where 5 was the highest result and 1 was the
lowest; after that, all grades were summed up to highlight the winner. To make the
comparison more relevant category "accuracy' was not included as there needed to be

more data about all the robots.

Table 4.1.2 Relative comparison of selected cobots

Fanuc ABB Yaskawa Universal KUKA
CR-14iA/L GoFa™ CRB | Motoman Robots LBR iiwa 14
15000 HC10DTP UR10e R820
Classic
Footprint 2 5 3 4 1
Payload 5 2 3 4 5
Working 2 3 4 5 1
range (mm)
Number of | 4 4 4 4 5
axis
Movement 1 4 3 2 5
speed
Repeatability | 5 4 4 4 3
Sum 19 (5th) 22 (2n9) 21 (3r9) _ 20 (4t)

The comparison showed that UR10e by Universal Robots is the most applicable cobot
for the previously described task. Based on information from open sources, the price for
UR10e starts from 35,500 EUR [38]. A robot controller together with a teach pendant
are also included in the price. Additionally, the cobots manufactured by Universal Robots
are current market leaders [39], so they recommended themselves as reliable and
effective. Last but not least, a wide variety of standard end effector tools are available
for Universal Robots [40].
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4.2 End of Arm Tooling and axillary equipment
selection

End of Arm Tooling (EOAT) is a crucial part of robot setup as it helps the robot to perform
the needed task. There are 2 main types of EOATSs for the gluing process. The first one
consists of an EOAT, hose, container with glue and pump. The idea behind this concept
is simple, the pump pumps glue from a container through the hose into EOAT and while
moving, the robot dispenses the glue. This system has a lot of benefits but also it has
one big downside. If for some reason air gets inside the hose and glue hardens, it starts
to act as a cork for not hardened glue and the dispensing process becomes impossible.
As a repair the whole system should be disassembled and cleaned, furthermore, it is
not always possible to clean the hose from glue and as a result, a new hose should be
purchased. Additionally, if a lengthy production stoppage occurs, glue inside the
container can start losing its properties, leading to the scrapping of material and

additional costs for the company.

Figure 4.2.1 UR10 with hose and EOAT for glue dispensing [41]

For this work, the author will proceed with the second type of EOAT for gluing process.
The most significant difference from the previous type of EOAT is the elimination of the
pump from the system and the presence of a glue cartridge in close proximity to the
dispensing nozzle. This type of EOAT is ideal for high-mixed, low-volume production as
it is available for quick changeover of gluing cartridges in case of glue hardening inside
the cartridge.
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A 310ml plastic cartridge is a widely used packaging solution for one-component glue.
The manual dispensing gun mentioned previously is designed to work with these. From
a supply chain perspective, it would be beneficial to keep the type of glue package for
the robotized solution the same. It will keep the glue purchase price the same and the
need to search for different suppliers will not be relevant.

Initially, the author selected to develop EOAT for gluing process by himself. Figure 4.2.2
shows the prototype designed by the author. Also, the author described the principles
of work for this tool. After the dispensing program is launched, the robot sends a signal
to the servomotor, which starts to rotate. Due to worm-gear rotary movement
converting into linear movement and the piston starts moving towards the cartridge
with glue. After touching the cartridge, the piston presses glue through the nozzle of
the cartridge. As the servomotor constantly exchanges signals with the robot, the robot
knows the amount of glue left in the cartridge. It can inform the operator if there is not
enough glue for dispensing. Additionally, relying on a servomotor signals robot can
adjust dispensing speed based on the resistance of piston movement. As described, this
EOAT is not a standard solution for UR. Integrating it into the UR program environment
could become very challenging, so the author considered giving up that idea.

WORM-GEAR

/

PISTON

PLASTIC CARTRIDGE
WITH GLUE

SERVOMOTOR

BRACKET FOR
AFFIXING

Figure 4.2.2 EOAT developed for glue dispensing

Nevertheless, later the author decided to check EOATSs for the gluing process offered
on the market and found EOATs designed especially for the UR series of robots and
310 ml glue cartridges.
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Figure 4.2.3 FD 310 on the left and FD 400 on the right [42]

FD 310 and FD 400, manufactured by AIM Robotics, are material dispensing tools with
the native support of Universal Robots [42]. Both tools are designed for 310 ml
cartridges. The weight of the tools without cartridges is m = 0,8 kg and m = 1,7 kg
[43], respectively. According to the manufacturer, no additional programming is needed
to make tools visible for the robot. Tools are supplied with specially developed software
for the UR programming environment, which will make programming less complex. The
difference between FD 310 and FD 400 models lies in their precision and application
area. Besides, FD 310 requires an external air supply for precise glue feeding. Due to
that, materials such as adhesives and polymers are acceptable for dispensing using this
particular model. As FD 400 does not require an additional air supply, it is primarily
suitable for liquid materials such as grease, acrylic or silicone. The manufacturer claims
that the precision of FD 310 is +/- 1% and the precision of FD 400 is +/-10%. The price
for FD 310 starts from 6,000 EUR [44] and for FD 400 from 5,650 EUR [45]. Considering
the above facts, the author chose FD 310 as the main EOAT for gluing dispensing.

Based on the initial description of a task for a robot, the robot should be able to make
pictures of covers dispensed with glue. For this operation camera for the robot is needed.
Also, the camera can be used for automatic adjustments of the robot's movements
during glue dispensing. For this reason, the author has chosen Cognex DataMan 370
[46], the weight of the camera is m = 0,2 kg. This camera is not only able to take a
photo, but also it is capable of reading QR codes. In the future, scanning QR codes with
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a scanner from covers can also be automated, so operators will only have to press the
button to launch the dispensing program and the robot will automatically detect the
cover in front of it. Additionally, relying on machine vision technology, the camera can
distinguish poorly dispensed covers. The price for Cognex DataMan 370 camera starts
from 1250 EUR [47].

Figure 4.2.3 Cognex DataMan 370 camera [46]

An additional bracket should be developed to have the glue dispensing mechanism and
camera attached to the robot. In order to minimize the total mass of the assembly
bracket must be made from durable, lightweight material. To solve this problem, the
author proposes to modify the bracket for attaching the dispensing tool to the robot.
Figure 4.2.4 shows the solution developed by the author, weight of which is m = 0,7

kg.

Figure 4.2.4 Bracket for camera and dispensing tool

Knowing the weights of EOAT components, it is possible to calculate the approximate
total weight of the EOAT. The weights of fasteners and required cables are not
included in this calculation.

Meotar = Meoot T Mpracket T Meamera T Mgiue = 08+07+02+05= 22kg (4.1)
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where m;,.q; - total mass of EOAT, kg,
Moo~ Mass of tool, kg,
Mpracket - Mass of bracket, kg,
Megmera- Mass of camera, kg,
Mgy~ Mass of glue cartridge, kg.

Calculation showed that the total mass of EOAT is lower than the maximal payload of
UR10e, which means that the robot is suitable for lifting for the given EOAT.

Robot

Bracket

Dispensing
mechanism

Figure 4.2.5 Concept of EOAT with camera
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4.3 Workplace layout and production cycle design

Before making a workplace layout, it should be decided how the robot will be mounted
to the floor. One of the reasonable solutions is to affix the robot not to the floor but to
the unique pedestal. The pedestal can look like a box-shaped frame on top of which the
robot will be mounted. Inside the pedestal, the robot controller will be located. Also, the
pedestal should have wheels for transportation if there is a need to relocate the robot
in the future. The pedestal will be supplied with stands on the threaded shafts, by
screwing them - the length will be changed to provide horizontality to the robot and
avoid the production floor curvature factor. Moreover, the pedestal has to have a place
to keep the teach pendant when it is unused. Finally, the robot's emergency stop button
is needed to provide the operator with an opportunity to emergency shutdown the robot
in case of danger. The button needs to be located within reach of the operator.

Robot

Pedestal
EOAT

Support with
| teach pendant
Emergency stop
button

Stands=—
Figure 4.3.1 Isometric projection of the pedestal

The operation of the system described above requires an electricity supply, a
compressed air supply is especially needed for EOAT and a network connection is needed
to connect the robot to the database for photo storage. Figure 4.3.2 shows the

schematic connection of all required devices for successful system functioning. Network,
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electricity and air cables should run from the ceiling to prevent accidental pull-out of
them caused by the movement of operators. Also, this connection pattern will facilitate
the process of robot reconnection after the location change, as only the connection of

three cables is needed.

EOAT Robot

Network

Robot
controller

Teach
pendant

Air

I
1 Electricity
|

Ad A

> <«—| Pedestal

Scanner

Emergency
stop

Figure 4.3.2 Connection diagram

All necessary connectors for cables should be located on the backside of the pedestal.
Those include a 380V socket for the power supply, an air filter regulator for compressed
air, Ethernet, USBs and an additional 220V socket, which can be used for laptop charge

during the robot’s programming.

Figure 4.3.3 Connection interfaces on the backside of the pedestal

Next, for dispensing of covers, a table with a fixture must be placed in front of the robot.
Affixing the table to the pedestal will not only avoid possible wobble of the table, but
also it will make the top surfaces of the table and pedestal parallel to each other.
Additionally, a barcode reader is required for the robot program launch based on the
initial robot job description. The author decided to choose Voyager 1250g barcode
reader by Honeywell, a price for which starts from 120 EUR [48]. On top of that, the
author added the storage shelf to lower the risk of cover or glue cartridge shortage
during production process. Spare covers and glue cartridges will be stored on the shelf
nearby the robot, so an operator will save time searching for them.
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7 / Storage shelf

Operator

Table
with
Scanner fixture

Figure 4.3.4 Isometric projection of robotized workspace

4,45 m2 of free production floor area is needed to implement the workspace designed
by the author. The workspace design developed by the author is general and is not
reflecting the production floor peculiarities of each company, thus some variances during
actual implementation are acceptable.

3200.,00

! ] E 78 o - = Robot |
/Shelf / pedestal

1050,00

Robot/

1750,00

Table with fixture

1700,00

Figure 4.3.5 Top view of robotized workspace
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The production cycle can be determined as a series of tasks that are involved in the

production of a product. Good production cycle design is essential as it determines how

efficiently the work is carried out. Task duration is one of the primary metrics for

estimating the efficiency of the designed production cycle. A shorter task duration

generally indicates that the process is running more efficiently and that more units can

be produced in a given period of time.

The production cycle of the robotized gluing process designed by the author will include

both manual and automated labour, and contain the following tasks:

Operator places cover on the fixture.

Operator takes a scanner, scans the QR code on the cover and puts the scanner
back.

Robot starts program execution from home position

Robot checks the presence of glue cartridge and amount of glue. If the cartridge
is installed and the amount of glue is acceptable for dispensing, the robot
continues with the next step. If the cartridge is not installed or the amount of
glue is insufficient, the robot notifies the operator and he or she changes the
glue cartridge and relaunches the program.

Based on the amount of glue in the cartridge, the robot makes calculations and
adjusts the program's parameters.

Robot moves towards cover and stops approximately 15 cm above it.

Robot starts searching for reference points through a camera. After finding all
the needed reference points, the robot adjusts the program.

Robot moves to the start position of a glue dispensing operation.

Robot starts to dispense glue while moving along the pre-defined path.

After finishing dispensing, the robot moves up and visually analyzes the quality
of the dispensed glue. If the robot accepts the dispensed cover, it takes a photo
of the dispensed cover and saves it to the database. If the camera distinguishes
a poorly dispensed cover, a relevant message will be shown on the teach pendant
for the operator and he or she will troubleshoot the cover.

Robot returns to the home position and stops execution of the program.

Operator removes the cover from the fixture and attaches it to the housing.

It is possible to determine the amount of time needed for glue dispensing by knowing

the robot's movement speed and the length of the groove.

Scover 720
=——=236s (4.2)
Vrobot 20

Tdis =

where T;;s - time consumed for dispensing, s,
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Scover — length of the groove, mm,

Vi-obot — Movement speed of the robot, mm/s.

The total task duration of the mentioned process will be determined by following
components:
Ttotal :Tm+TCh+Tcal+Tdis+Tf+Tr =25+44+6+36+6+5=82s (43)

where T;,¢q; — total task duration, s,
T,, — time consumed for manual labour, s,
T, - time consumed for checking the presence of cartridge, s,
T.q; - time consumed for calibration of program, s,
T¢ - time consumed for taking a photo, s,

T, - time consumed for returning to home position, s.

Unfortunately, it is only possible to preciously estimate task duration without a real
working system as many parameters, such as fluidity of glue, operator skills, will affect
overall task duration. Nevertheless, calculation showed that robotized solution is quicker
than the manual dispensing of covers.
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4.4 Performance criteria selection

Performance measurement is an essential part of any organization. Generally, the
profits of the company are secured by efficient work. To evaluate performance, specific
indicators should be specified for each process and their achievement should be
observed. For a robotic workplace, performance indicators should be selected based on
the nature of the application and goal. Table 4.4.1 reflects Key Performance Indicators
(KPIs) selected by the author for the created workplace.

Table 4.4.1 KPIs for created workplace

KPI1 Explanation Unit of Goal
measurement
Idle time Time spent between finishing program Minute Minimise

execution and starting a new one

Unplanned Duration of unplanned stoppages due to | Minute Minimise
stoppages hardware or software issues
Collisions Duration of stoppages that we caused Minute Minimise

by collision of robot

Cycle time Time spent for program execution Minute Minimise

Yield Relationship between approved Percentage Increase
dispensed covers and amount of

performed programs

Utilization Relationship between total use time and | Percentage Increase

total time including idle and stoppages
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5. IMPLEMENTATION PROCESS IN THE COMPANY

5.1 Robot-cell implementation

Integration and implementation are distinct processes, but they are closely related.
Integration is the process of combining different elements into a single whole as
intended to carry out predetermined duties. It may involve data integration, system
integration, or process integration. Implementation is the process of carrying out a
decision or plan. Implementation involves installing and deploying the new system or
product, as well as training employees on how to use it—combining the individual
subsystems into a single system and ensuring that the subsystems work as a unit is

known as system integration in engineering [49].

Robot-cell implementation refers to the implementation of robots into production. A
Robot-cell is a group of machines and equipment that are arranged and programmed to
work together to perform a specific task. Frequently, robot cells are integrated into
already existing manufacturing processes, increasing the difficulty of implementation.
Also, challenges occur due to the complexity of linking and programming devices
produced by different manufacturers.

Usually, implementation is performed by outsourced engineering companies whose task
is to make all devices work for one target. In case of collaborative robots,
straightforward implementation tasks can be done without an external service provider,
modern robot manufacturers supply robots with user-friendly robotic software and pre-
programmed teach pendants to simplify the implementation process. But the support of
third parties is still needed for complex systems. Fortunately, implementation service

prices are constantly decreasing, and SMEs can afford them.

Robot-cell described by the author previously includes multiple pieces of equipment
which will not fulfil the desired task out of the box. The author considers the engagement
of a specialized subcontracted company to be reasonable. Subcontracted company will
be responsible for programming and hardware installation. Once the robot-cell is up and
running, the company will test and calibrate it to ensure that the cell is operating
correctly and meeting the required specifications. This may involve fine-tuning the
robot's movements and settings and conducting quality control checks on the products
being produced. Ongoing maintenance and troubleshooting may also be required to
keep the robot-cell running smoothly. Additionally, the subcontracted company should
provide training for personnel, to ensure that robot is operated safely [50].
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5.2 Risk analysis

Design and implementation of a robotic workspace are always associated with significant
investments for the company. Any sizable investment is considered a risk for the
company due to the probability of exceeding the nominal payback period. Both
technically wrong decisions and incorrect management of the implementation process
can cause risks [51]. ISO defines risks as an effect of uncertainty on objectives [52].
Risks should be identified and eliminated as early as possible to secure a successful
investment. However, during the early stages of the project, risk identification is
challenging as not all risks are apparent.

Not always all risks are real risks for the project; it is necessary to recognize and
eliminate the most critical ones, as resources are always limited. The table below gives
an overview of the risks highlighted by the author, which can occur during robot cell
implementation. Furthermore, the author subjectively estimates their occurrence and

importance for the cell, meanwhile providing an action plan to minimize their influence.

Table 5.2.1 Risk analysis

Risk description The probability of | Importance | Actions needed for

risk occurring of risk minimizing risk
Robot will collide Medium Low If a collision occurs, robot will
with operator stop and operator will have to

relaunch the program. The
operator should be trained to
cooperate with the robot to

avoid collisions

Human errors during | Medium High Create a procedure that
reprogramming explains how reprogramming

should be done

Loss of network Low Low An additional hard disk drive
connection should be installed inside the

robot system to prevent data

loss
Mechanical breakage | Low High Regular maintenance should be
of robot performed
Changed glue Low High Install additional ventilation for
compound can robot cell
become more toxic
No knowledge about | Medium High Conduct training for employees
robot usage and create written instructions
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No knowledge about | Medium High Conduct maintenance training

robot maintenance for employees

Failure of power or Low High Regular maintenance should be

air systems performed

Mechanical breakage | Medium High Regular maintenance should be

of EOAT performed as well as critical
spare parts should be always in
stock

Cyber security Medium High Implement cyber securing
measures across the whole
company

Glue dispensing will Low Medium Remove manual dispensing gun

still be done

manually

from the workplace
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6. PERFORMANCE ANALYSIS

6.1 Performance measurement

Defining performance metrics for robot cell before implementing them into production
is essential. Overall EQuipment Effectiveness (OEE) is the most widely used metric for
measuring equipment productivity. It can be described as a result of the multiplication
between availability, performance and quality [53]. The formulas below show the
fundamental approach to calculating OEE for the designed robot cell.

Tactuai

Availabilty = ——— (6.1)

Planned

Arotal " Craeal

Performance = ———— (6.2)
TActual
A
Quality = ZSuccess (6.3)
ATotal
OEE = Availability - Performance - Quality (6.4)

where Ty tua1 — pPure time spent on performing the task, s,
Tpianneqa - time spent (including stoppages) on performing the task, s,
Arorar - total amount of dispensed covers including poorly dispensed, pieces,
Ciaear - fastest time spent on dispensing one cover in ideal circumstances, s,
Aguccess - amount of successfully dispensed covers, pieces.
If the result equals 1, it means that the system is ideal and working without losses.
Unfortunately, OEE does not always show an accurate picture as theoretical values are
used for calculation, and only major wastes are considered.
As described previously, manual labour will be included in every working cycle of the

cell, which means that the OEE of the cell will cover both manual and automated labour.

The author focused only on measuring the robot's performance in this work.

A solution or process should be developed for gathering, recording, and analyzing data
from the robot. There is a possibility to perform all mentioned operations manually, but
this will require investments into human resources as an additional person should be
hired to fulfil this task.

Also, it means that training for this person should be organized, and if this person gets
ill or goes on vacation, a substitute should be able to carry out this job.
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Fortunately, there is a possibility to install an already-developed software solution that
will automatically store and inspect information from the robot. Robot monitoring
software is an addition to the existing robot software and is usually sold separately.
Insights by ROBOTIQ is a software that allows programming specific KPIs that should
be tracked [54]. Data is gathered in real-time, meaning that there is always a possibility
to monitor robot performance without being physically present near the robot. Insights
is sold based on a subscription model, meaning the company must purchase a license
extension each year. The exact subscription price depends upon each application and is

not publicly available [55].
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6.2 Payback period calculation

The payback period is known as the time required to reimburse the cost of an
investment. Longer payback times are unfavorable, while shorter paybacks make
investments more attractive. For the given work, the author could not precisely calculate
the payback period of a robotized gluing solution, as the calculation should include data
from a real-world production company. Thus, the author performed calculations

counting figures based on his assumptions.

To start with, the total amount of investment should be calculated. Table 6.2.1 shows a
list of items and services that should be purchased to implement the robotized gluing
cell. Even though prices for all items and services were not available in open sources,

the author estimates them based on personal experience.

Table 6.2.1 List of items and services needed for implementation of robot cell

Item or Service Price (EUR)
UR10e + Robot Controller + Teach Pendant 35500
Dispensing mechanism FD 310 6000
Cognex DataMan 370 Camera 1250
Barcode reader Voyager 1250g 120
Bracket for EOAT 200
Pedestal for robot with all needed interfaces 7000
Table with fixture 600
Shelf 200
Installation and training 5000
Robot monitoring software Insights (subscription for 3 years) 6000
TOTAL: | 61870

Secondly, the expenses of human and robot based workplaces should be compared. The
human based workplace is operated by 2 operators and robot based workplace is
operated by an operator and a robot. Dispensing task cycle time calculation has shown
that robotized dispensing is twice time faster as manual dispensing performed by one
operator. In other words, the productivity of two operators equals the productivity of
the robot and an operator.

Also, for the comparison, the author used Estonian average employer total labour cost

for the production operator position, which equals 2000 EUR per month or 24 000 EUR
per year [56]. Also, the author included the possible growth of workforce costs.
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Table 6.2.2 Comparison of expenses

Years 2023 2024 2025 2026

Expenses (EUR) (EUR) (EUR) (EUR)
Human based workplace

Yearly salary of 2 operators 48000 60000 60000 66000

Workplace operating cost 3000 4500 6000 8000

Total costs 51000 64500 66000 74000

Costs cumulatively 51000 115500 181500 255500
Robot based workplace

Total investment 61870

Yearly salary of operator 24000 30000 30000 33000

Maintenance 7000 9000 11000 11000

Total cost 92870 39000 41000 44000

Costs cumulatively 92870 131870 172870 216870
Profitability calculation

Profitability difference by year -41870 25500 25000 30000

Profitability cumulatively -41870 -16370 8630 38630

Calculation results have shown that a payback period for robotized workplace is less

than 3 years. Moreover, the implementation of robot-cell cut labour costs in half.
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SUMMARY

The main objective of this work was to analyze the possibilities of robotizing a gluing

process in the manufacturing procedure of the antenna assembly.

In order to achieve the goal, the passive antenna assembly procedure, including an
adhesive bonding process, was inspected. Then robotization justification analysis was
performed. Results of the analysis showed rationality for robotization, and then the roles
of a human and robot were defined in the human-robot collaboration. Additionally, the
need for a collaboration robot was identified.

After that, the development of robotized workspace was carried out. Development
included a selection of the most suitable cobot, end of arm tooling and auxiliary
equipment. Also, development covered a choice of metrics for performance evaluation.

Based on development outcomes, the workplace layout was created.

Next, an implementation process of the designed solution and risk analysis were
described. The performance measurement activity was explained. The thesis ended with
a calculation of the payback period.

The main aim of the thesis was successfully reached. As a result, the author proposed
a complete solution for the robotized gluing process. Moreover, with minor adjustments,

the same workplace setup can become applicable for other gluing tasks.

Gluing as a production process is constantly becoming more relevant because of
manufacturers' numerous intentions to improve their products' final appearance.
Furthermore, gluing has a broad range of use cases, namely the bonding of dissimilar

materials, sealing or better carriage of loads compared to mechanical connections.
To sum up, due to the unavailability of required data in open sources, the goal of the

thesis was reached using the theoretical approach. However, the same framework can

be used using real-world data.
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KOKKUVOTE

Kdesoleva magistritdé podhieesmark oli analiilsida liimimisprotsessi robotiseerimise

vOimalusi antenni koostu valmistamise protsessis.

Eesmargi saavutamiseks kontrolliti passiivse antenni kokkupaneku protseduuri,
sealhulgas liimimisprotsessi. Seejarel viidi 1abi robotiseerimise pohjendatuse anallils.
Analtdsi tulemused naitasid robotiseerimise ratsionaalsust ning seejarel maaratleti
inimese ja roboti rollid inimese ja roboti koostdds. Lisaks tuvastati vajadus koostddroboti

jarele.

Parast seda viidi labi robotiseeritud t66ruumi arendamine. Arendus hdolmas sobivaima
koostéoroboti mudeli, 16pplllli ja abiseadmete valikut. Samuti hdlmas arendus
efektiivuse hindamise moddikute valikut. Arengutulemuste podhjal koostati to0koha
planeetingut.

Jargnevalt kirjeldati kavandatud lahenduse juurutamise protsessi ja riskianalldsi.

Selgitati tulemuslikkuse mootmise tegevust. LOputdo I0ppes tasuvusaja arvutamisega.

Loputdd pohieesmark oli edukalt saavutatud. Tulemusena autor pakkus vdlja
robotiseeritud  liimimisprotsessi  terviklahenduse. Veelgi enam, vaiksemate
muudatustega vOib sama tdodkoha seadistus muutuda rakendatavaks ka muude

liimimistlesannete jaoks.

Liimimine tootmisprotsessina muutub pidevalt aktuaalsemaks, kuna tootjatel on pidev
kavatsus parandada oma toodete 16plikku valimust. Lisaks on liimimisel lai valik
kasutusjuhtumeid, nimelt erinevate materjalide liimimine, veekindlamaks tegemine voi

koormuste parem kandmine vorreldes mehaaniliste (ihendustega.
Kokkuvotteks voib Oelda, et seoses vajalike andmete puudumisega avatud allikates

saavutati t6d eesmark teoreetilist lahenemist kasutades. Sama |dhenemist saab aga
kasutada ka reaalmaailma andmetega.
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