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ABSTRACT 
 

 

Background 

This research study is in collaboration with the Blekinge Institute of Technology and Volvo Cars Body 
Components (VCBC). VCBC is a car manufacturer that manufactures car body components in 
Olofström, Sweden. VCBC is also a supplier for Volvo Cars production sites around the world, which 
puts more responsibility on VCBC and their work process. One of the limitations of this research will 
be a focus on a production line for nut welding, where various projection welding features are present.   

Objectives 

The objectives of the study are to investigate the problems with the production line and present a 
conceptual solution which can make the process more efficient and effective in terms of e.g. the cycle 
time, value-adding activities, improvements of traditional work processes or equipment, ergonomics 
safety, reduction of frequent errors, etc. Most of the objectives are influenced by principles in lean 
manufacturing theory but will be compiled and integrated with new innovative solutions that are 
influenced by digitalization and industry 4.0.  

Methods 

The methods and tools which will be used for this research will be primarily from process engineering 
and systems engineering. Autodesk AutoCAD, Siemens Process Designer PLM and Robot Load are 
some of the software that will be used. Some tools and strategies used for the methodological 
approach are e.g. The design thinking process, Six Sigma, FMEA, Question-Method-Matrix, Material 
flow analysis, and Value stream analysis.  

Results 

A concept layout solution was generated, which consists primarily of a model in Autodesk AutoCAD 
and a simulated prototype in Siemens Process Designer PLM. Through several analyzes, based on the 
objectives of the research, it has been conducted that the concept is more efficient than the current 
process. Specifications such as cycle time, production line area, value-adding activities, etc. have been 
improved drastically. Several innovative idea solutions based on digitalization and industry 4.0 were 
also generated by implementing them as a way of tackling the challenges with lean theories and 
develop the traditional work process in a factory.  

Conclusions 

The contribution of the research analysis is the implementation of lean theories together with modern 
strategies, tools and software are from systems engineering and process engineering together with 
ideation and problem-solving techniques. This itself has contributed to all goal objectives of the 
research study being achieved, assessed and validated.  

Keywords: Lean, Process Engineering, Digitalization, Projection Welded Elements, Industry 4.0 
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SAMMANFATTNING 
 

 

Bakgrund 

Denna forskningsstudie är med samarbete av Blekinge Tekniska Högskola och Volvo Cars 
Karosskomponenter (VCBC). VCBC är en tillverkare av karosskomponenter och ligger i Olofström, 
Sverige. VCBC är också en leverantör för Volvo Cars produktionssiter runt om i världen, vilket lägger 
mycket press och ansvar på VCBC och deras arbetsprocesser. En av avgränsningarna för denna studie 
är att fokusera på en produktionslinje för punktsvetsning.  

Syfte 

Syftet med studien är att undersöka de problem som finns i produktionslinjen och presentera en 
konceptlösning som kan göra processen mer effektiv i termer som till exempel cykeltid, 
värdeskapande aktiviteter, förbättring av traditionella arbetsprocesser eller utrustning, ergonomi, 
säkerhet, minskning av frekventa fel osv. Majoriteten av dessa syften är influerade av principer och 
teorier ifrån Lean-tillverkning, men kommer också att sammankopplas och integreras med nya 
innovativa lösning som är influerade ifrån digitalisering och Industri 4.0. 

Metod 

Metoderna och verktygen som användes för denna forskningsstudie är huvudsakligen ifrån process-
ingenjörskap och Systems Engineering. Autodesk AutoCAD, Siemens Process Designer PLM och 
Robot Load är några av de mjukvaror som har använts. Andra verktyg och arbetssätt som också 
användes är The design thinking process, Six Sigma, FMEA, Question-Method-Matrix, 
Materialflödesanalys samt Värdeskapandeanalys. 

Resultat  

En konceptlayoutslösning blev skapad och presenteras som en modell i Autodesk AutoCAD och 
simulerad samt validerad i Siemens Process Designer PLM. Genom flera analyzer, baserade på 
objektiv ifrån forskningsstudien, kunde lösningen vara mer effektiv än den nuvarande arbetsprocessen. 
Specifikationer som cykeltid, arbetsyta, värdeskapande aktiviteter, etc. bli drastiskt förbättrade. Flera 
innovativa idéer baserade på digitalisering och Industry 4.0 blev också generade genom att 
implementera tillsammans och skapa ett nytt sätt att tackla utmaningar med Lean teorier och på så sätt 
utveckla den traditionella arbetsprocessen i industrier.  

Slutsatser  

Tillskottet av forskningsstudien är implementeringen av Lean teorierna tillsammans med moderna 
strategier, verktyg och mjukvaror från Systems Engineering och process-ingenjörskap tillsammans 
med problemlösningstekniker. Detta har medfört att alla målobjektiv för forskningsstudien har blivit 
uppfyllda, bedömda utefter standardkriterier och validerade.   

 

Nyckelord: Lean, Process-ingenjörskap, digitalisering, projectionssvetsade element, Industri 4.0 
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Key definitions 
Production = Goods being produced often referred to as a measurable result in a form of 
manufacturing [11]. 

Manufacturing = A process where you convert raw materials, components or parts into finished 
products, according to certain specifications [12]. 

Production line = A production line is a process of several actions that parts are going through while 
[12]. 

Robot Cell = This is a system that includes (in our case) an industrial robot with manufacturing 
machines, i.e. welding machines. For our study, all robot cells are protected with gates surrounding 
them to reduce projectiles to escape the cell. 

Cycle time = The time of operation in a production line. In our case, this will be the time when the 
robot starts to move from its home position and until it returns to the home position.   

Lead time = Time measured from the start of the first station to the end of the last station. For a 
production line, this is measured basically from the moment that the part enters the line and leaves it 
[12].  

Process = In our case, it is the whole production line that is being researched in this study. 

Value = Refers to the value of the existing products that are being manufactured inside the production 
line. 

Effective = Refers to a system/product acting in a way which is an improvement considering the aim 
and the goals that are set for the objective 

Inventory = Refers to the level of materials and supplies that you can use in manufacturing production 
[1] 

Supply chain = Refers to a system of organizations, activities, information and various resources that 
are connected in a product or service, going from the supplier and to the customer [1]. 

WIP (Work in Process) = Refers to raw materials, labor, costs and is describing partially finished 
products awaiting completion  

KPI (Key Performance Indicator) = Key process indicator, or “KPI” is the method of measuring the 
efficiency of a company [1] 

POPS (Product and process structure) = A method of showing the structure of an assembly with its 
corresponding sub-assemblies [1] 

JQAP = An overview of the inventory that you have for a process [1] 

OIS (Operator Instruction Sheet) = Operator instructions for a production process [1] 

WES (Work Equipment Sheet) = Operator instructions for tasks that act as support for a process [1] 
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1. Introduction 
1.1. Background analysis 

 Volvo Cars Body Components (VCBC)  
Volvo Cars Body Components (VCBC) is a car body component supplier for both stamped sheet 
metal parts, as well as sub-assemblies, within the Volvo Cars Manufacturing Process System and is 
located in Olofström, Sweden. This is where the research for this thesis will be conducted. In figure 1 
(see “Appendix 1: Location”), you can see a top view of the southern factory (red circle) and the main 
office (yellow circle). In figure 52, you can see the northern factory and the sub-factory where the 
research will be held (green circle).  

As a part supplier, VCBC’s manufacturing process has been based on batch production in highly 
automated processes [1]. Batch production is one of the most popular manufacturing techniques which 
compiles different parts of a product through step by step processes. In practice, this means sub-parts 
of sub-assemblies from a car body are being produced in batches, so that there is a pause between each 
step as a batch moves through [2].   

For the past few years, Volvo Cars have increased its manufacturing footprint outside northern 
Europe, going Global. Being present in both China and the US is a challenge for VCBC’s current 
process development, taking into consideration both manual and automated processes, as well as 
applying LEAN principles, digitalization technologies and implementing strategies and technologies 
within industry 4.0 to become as efficient as possible in Manufacturing [1].  

1.2. Problem formulation  
In a car body, there are many different assemblies, which contain sub-assemblies. These assemblies 
are resistance-welded materials, which require features that should be applied in certain ways for the 
most effective process flow and quality. The features in this research study will include mostly 
welding bolts and nuts, which are widely used for automotive manufacturing processes around the 
world. Since VCBC is always thriving to expand its manufacturing footprint and battle all kinds of 
technological challenges, it will need to drastically implement modern and innovative technologies to 
accomplish a smooth work process and have qualitative characteristics in terms of certain parameters. 
The problem will be addressed into one single production line, the latest nut cell “Nutcel1 0” which is 
built by two zones and have a total of 14 different parts that are being produced.  

In the current state, VCBC has already been implementing lean theories as much as possible and are 
always aiming to develop their current processes, by, for example, optimizing the simulation 
operations of the production lines or implementing new technological features such as the vision 
camera. The problem with implementing lean principles is that you after a certain time, get “stuck” in 
the development and it becomes hard to develop your process [13]. For example, this is because of the 
various standards that lean principles install, which makes the system and process very limited when 
wanting to implement new technologies.  

However, there can always be improvements to current systems and processes, especially since we are 
in a time where innovation and product development are drastically accelerating with the help of 
industry 4.0. Several of Volvos methods and equipment are as old as the factory themselves (e.g. the 
packaging), and others are 20+ old (e.g. the conveyor belts), which is preventing the company from 
moving forward into a more digitalized and automated manufacturing system [1].  

1.3. Why the problem has a general interest 
The problem has a general relevance because improvements in production processes with resistance 
welding (or any form of manufacturing technology) is very sought for in all kinds of industries and 
manufacturing environments. After all, it is one of the essences in manufacturing something physical.  
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Technology is being constantly developed and improved and we are right now in industry 4.0, which 
is very influenced by automation, process industry, IT and various manufacturing technologies. These 
are very wide working environments that require a lot of competence and knowledge, especially in the 
process flows and lean production [3].  

To take the traditional process for manufacturing car body components to the next step for maximum 
flexibility and effectivity, you will need technological research in how new and innovative ideas can 
be implemented into the factory, which makes the study relevant to a lot of stakeholders, especially 
within the car industry.  

Companies around the world can benefit from this research because the problem is something that is a 
global consideration for manufacturers. The Just-in-time philosophy is more broadly implemented 
than ever before (especially in the car industry), and with that comes other relevant aspects, such as the 
7 wastes (Transport, Inventory, Motion, Waiting, Over-processing, Overproduction, and Defects) [3]. 
These wastes are international relevant because they have a direct impact on the costs, and who does 
not want to reduce their costs? By combining already tested and validated methods in lean theories 
with highly advanced technologies and strategies, you could upgrade the process into a more advanced 
environment with less waste and costs.  

1.4. Stakeholders of the research 
The stakeholders of this research are many because it is not like a normal school project. Since a 
master thesis is a product that is representative of the Blekinge Institute of Technology both nationally 
and internationally, the stakeholder diversity and width will expand to a significant level.  

There are also many different stakeholders in VCBC because there will be a need for information from 
several departments since it is a complete production line. Production lines have a relatively complex 
infrastructure with several areas involved, which also makes the research more complex.  
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Figure 172 Stakeholder analysis of the research study 

1.5. Aim, goal and research question 
The goal of the research is to present a process flow that is influenced by innovative technologies that 
enhance the traditional process, combined with the general theories and applications of lean 
manufacturing which will be based on relevant literature. 

 Substantial goal specifications 
In more specific terms, there will be several goals that will be aimed at in this research. These are 
goals that will cover the problem, the aim of the research study and will contribute to a complete 
solution based on VCBC. The objectives in table 1 are set by the researcher by taking into 
consideration the problem formulation and the aims of the study. 

Table 1 Goals of the research study, with an importance grade and relative weight 

No
. 

Objective Unit Specification Goal Importance 
(1-10) 

1=low, 10= 
high 

Relative 
Weight 

(%) 

1 Reduction of the 
cycle time 

Seconds Cycle time - 20 % 10 11,4 

2 Reduction of the 
total work area 

M^2 Area - 20 % 9 10,2 

The 

Research 

Study 

Decision 

makers 

at BTH 

Decision 

makers/

managers

/directors 

at VCBC 

Thesis 

issuers at 

VCBC 

Swedish 

Government 

Manufacturing 

industries 

Funders 

International 

companies 

Policies 

Engineering 

students 

Supervisors 

at BTH 

Production 

line builders 

Maintenance 

engineers 

Process 

researchers 

Process 

engineers 

Safety 

engineers 

Operators 
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3 Reduction of the 
walking distance 
that the 
operators take 

steps Walking 
distance 

-20 % 8 9,0 

4 Reduction of the 
non-value 
adding activities 

(Second
s) % 

Amount of 
non-value of 

adding activity 

- 20 % 10 11,4 

5 Reduction of the 
number of 
operators 

Operato
r 

Number of 
operators 

Unspecified 
[As much as 
possible] 

8 9,0 

6 Reduction of 
frequent and 
systematic 
defects in the 
line [Time & 
SEK] 

Hours & 
minutes 
(SEK) 

Time loss Unspecified 
[As much as 
possible] 

9 10,2 

7  Generate 
alternative 
solutions to 
various logistics, 
in  

[Unspecified 
specifications or more 
than one specification] 
Will include an 
investigation for 
alternative technologies 
 

Unspecified 
[As much as 
possible] 

7 7,9 

9 Generate 
alternative 
solutions to the 
current robots  

[Unspecified 
specifications or more 
than one specification] 
Will include a robot 
analysis with various 
robot parameters 
 

Unspecified 
[As much as 
possible] 

7 7,9 

10 Maintain or 
improve the 
safety of the line 
(both outside 
and inside of the 
robot cell)  

[Unspecified 
specifications or more 
than one specification] 
Will include analysis in 
safety standards  

Unspecified 
[As much as 
possible] 

10 11,4 

11 Maintain or 
improve the 
ergonomics for 
the operators 
(both outside 
and inside of the 
cell) 

[Unspecified 
specifications or more 
than one specification] 
Will include analysis in 
ergonomic standards 

Unspecified 
[As much as 
possible] 

10 11,4 
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More substantially, the parameters (a reference to table 1) that will be studied and analyzed in this 
thesis will be the following:  

• Total cycle time 
• The work area of the production line 
• Frequent defects and errors    
• Value creation of activities 
• Number of operators 
• Alternative solutions to logistics and essential mechanism 
• The layout of the production line 
• Safety inside and outside of the cell 
• Ergonomics inside and outside of the cell 
• Quality and risk analysis 
• Time losses and costs  

 Research question  
• How should projection welded features be applied in a process for a production line to obtain 

the best quality and most effective work process by renovating the traditional manufacturing 
process and reducing waste and costs?   

 Hypothesis 
1. By doing an investigation on the problems that are currently in the line and documenting 

frequent errors that are happening in the production line, it will be possible to quantify the 
problems to see how serious they are. By doing so, it will be more efficient and realistic to 
present ideas on how you can make the production line more effective.  

2. By generating conceptual layout sketches for the production line, it can be possible to see how 
you can decrease the work area, reduce the activities that do not add value, increase the safety 
and quality and simulate the sketch in a 3d environment to validate the cycle time. This 
approach would also make it possible to see how innovative ideas by digitalization and 
industry 4.0 can be implemented to reduce waste and costs. 

1.6. The ideal factory 
 Body process measurables and KPI’s 

At Volvo Cars, there are three main points that you measure for the processes.  

1.6.1.1. Definition Efficiency factor:  
𝑉𝐴 + 𝑁𝑁𝑉𝐴

𝑇𝑜𝑡𝑎𝑙 𝑀𝑎𝑛 𝑡𝑖𝑚𝑒
 

1.6.1.2. Manpower flexibility:  
The number of direct operators at ½ JPH divided with several direct operators at full JPH. To be able 
to perform the calculation a balancing need to be performed with maximum capacity (100%) and half 
capacity (50%). 

1.6.1.3. Production line area 
Figure 1 presents the idea of how you consider the work area of a production line in a factory. The red 
rectangle presents the minimum area in which the line needs to be working. Safety and ergonomics are 
especially considered when analyzing the red rectangle. This area is essential to analyze in this study, 
to see how much work area can be decreased. The more that can be decreased, the better of course, 
because space in an industry is very costly.  
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Figure 1 An example of the representation of the red rectangle for a production line 

 Volvos PP20 Goals 
Volvo has not only goals when it comes to the security of their cars, for example reducing the number 
of people that die or are seriously injured in road traffic accidents to zero. But there are of course goals 
to when it comes to the manufacturing, called “PP20”, and are guidelines of some parameters that 
Volvo is aiming for till the year 2020. These goals don't need to be achieved, there are more like 
measurements that Volvo Cars are striving for [1]. The PP20 goals are the following; 

1. Lead Time -20 % 

Time measured from the start of the first station to the end of the last station. For a production line, 
this is measured basically from the moment that the part enters the line and leaves it.  

2. Tied up Capital -20 % 

This measurement is the average value of parts in the production line during production.  

3. Total manufacturing cost -30 % 

This measurement is very general but is calculated by adding Yearly depreciation type bound + Yearly 
depreciation non-type bound + Direct cost manning all shifts + Yearly depreciation for m2 + Yearly 
Interest cost for WIP [1]. This measurement will not be taking into consideration in this research 
because it is too general and is used for bigger projects and not specific production lines.  

4. Defects per part of -50 % 

As the production line is right now, there is no need to reduce the defects because they are not 
assumed to be frequent enough [1]. Therefore, this measurement will not be taken into consideration 
either.  

5. LTCR -50 % 

This is the number of cases where minimum one shifts are lost due to work-related injury/illness per 
200,000 hours worked and this absence was authorized by the plant medical department, as the result 
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of the evaluation by a recognized external medical provider [1]. This measurement is out of limit for 
this research and will not be studied.  

As you probably notice, the PP10 goals are wide and general for Volvo Cars, which makes it too 
complex to do them by for only one production line. Although, the Lead time has a relation with cycle 
time, except that the cycle time is a measurement of the robots’ operations from start to finish inside 
the robot cell. According to Johan (lean), the most important parameters are the cycle time and the 
work area that the production lines are using, because that is where you can make the most amount of 
profit.   

1.7. Critical thinking and scientific character  
The research will consist of formulations, conductions, and analyses which will be assessed and 
documented in a highly structured manner. The most important aspects of the research will be 
highlighted and analyzed with a critical and constructive mindset.  

There will be frequent observations and documentation of the findings that are relevant to the study 
and can give contribution to the research. The most relevant and meaningful aspects will be pointed 
out and presented substantially. The observations will be done with lots of curiosity, but also with a 
technical mindset.  

Through the whole methodology, there will be objective thinking with scientific evaluation. There will 
be as little subjective thinking as possible, which will be done by quantifying the observations and 
technically presenting the ideas and concepts.  

Communication with the supervisors and people that are relevant to the production line will be held, 
where critical thinking will be done on various statements and assumptions. This will be done to 
gather knowledge and get professional help, although opinions and subjective thoughts will not be 
searched for. Instead, evidence and facts will be prioritized through the whole research study. 

1.8. Limitations and risk management of the research study 
 Limitations 

i. The capacity and utilization plan will not be fully analyzed in this research. 
ii. The external activities of the production line will not be taken into consideration (e.g. what 

happens before the parts gets delivered to the production line and what happens with them 
after they leave the production line)  

iii. No physical prototypes will be built because of the complexity of a production line and its 
various elements and machines 

iv. Because of the complexity of the production line, there will not be any physical prototypes 
that will be built, only a 3D modeled prototype. 

v. Proprietary data to VCBC will be in the appendix (hidden for public). Masked data for the 
presentation will be shown in the rest of the report.  

vi. The costs for the concept and solution ideas will not be taken into consideration because the 
main goal is to only present how different methods and technologies can be applied to a 
traditional production line. 

 Risk management  
A risk that can happen is that it might take too long time to make documentation and study the line 
long enough to get a good picture of the frequent problems in the line. If this happens, the research 
will be delimited so that only the most important parameters will be studied.  

Another risk is that the equipment might be too complex to break down and analyze taken into 
consideration the time frame. If this happens, an overall picture of the equipment will be presented 
instead.  
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2. Knowledge and understanding 
2.1. Nutcell 10 

 General description 
This production lines the newest Nutcell, with two robots doing functional package handling, which is 
moving car body parts from one place to another inside of a cell. It is called a Nutcell because the 
process is about welding nuts and bolts into various kinds of car body parts. It is built by two zones, 
zone 1 and zone 2. The difference between these zones is that different parts are being welded with 
different mixes of nuts for each zone. The two zones are working completely independently from each 
other but use the same control and safety systems.  

This line is built on the same concept as earlier nut cells at VCBC. All the nut welding machines are 
equipped with wire draw encoders to check for both presences of the nuts before and after welding and 
also for the right type of material thickness for the actual part this is to avoid missing nuts and that the 
robot has picked one part at a time.  
The line builders are responsible for everything that needs to be done, to get the complete line “up and 
running” at the dedicated area (according to both equipment and documentation).  

 2D and 3D Layout  
See “Appendix 3: Current layout”  

 
Figure 2 2D Layout of Nutcell (rectangle measurement unit is in mm). 
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Here is Nutcell 10 displayed by a 2d layout in Autodesk AutoCAD and a 3D visualization in Siemens 
PLM. It is approximately 15,2 meters wide and 12,3 meters long (the red rectangle), so it is a 
relatively small production line, which is normal because it is only used for welding of nuts in various 
car parts. What you can easily observe from the 2D and 3D visualizations is that Nutcell 10 is almost 
symmetrical between zone 1 and 2, which is believed to be an advantage when trying to redesign the 
line. You can also notice that there are 4 operators in the line in the figure displayed above, but those 
are the representation of where the operators are placed in those different stations. The line itself does 
not require more than 1 operator operating it.  

 Layout breakdown  
See “Appendix 4: Layout breakdown” 

To study the line, you should understand what the different components inside Nutcell 10 mean and 
what they are used for, so in this appendix, there is a table with the figures and descriptions of the 
components in Nutcell 10. In this study, all of the components will need to be taken into consideration 
because they have their safety regulations, standards, and functions that will make them relevant. The 
components that will be most focused upon will be the Robots, the welding machines, the nut feeders, 
the conveyors, the Bins and the different grippers.  

By studying the layout, you can recognize the dimensions in all axes, and thus making it easier to 
make concepts for a newer and better layout. 

 Process description 
To understand the process of the production line, you should check Appendix 4: Layout breakdown, 
where the positions of all the necessary components are shown. It is important to know how the 
process is done today, to see how it can be improved in the future.  

• The operator loads parts in a load pattern shown at the HMI on the conveyor belt pos.100_461 
or pos.200_461. 

• Vision system pos.101_961 or pos. 201_961 “finds” the part and guiding the robot 
pos.110_110 or pos.210_210 to the right “picking position”. 

• Robot pos.110_110 or pos.210_210 with the “actual grippers” fetches the parts and mounts 
the optimized actual number of nuts in the actual nut weld machine and then the Robot 
pos.110_110 or 210_210 leaves the finished part on the conveyor belt pos.112_461 or 
212_461. 

• For all parts with UT6 and/or HP M6, Robot pos. 210_210 must check each part in a vision 
camera pos. 212_972 if the nuts are threaded or unthreaded. 

• If for any reason an unexpected disturbance will show up in the process, Robot pos.110_110 
or pos.210_210 should check the parts in the line in the Nut Check Equipment pos.111_971 or 
pos.211_971. 

• If there for some reason is a NOK signal from any of the wire draw encoders the part should 
be put in a scrap box provided by the supplier inside the line. If two parts in a raw will be 
scrapped, the process will stop, and a message should appear on the HMI. At the same time, a 
picture showing which of the nuts that is NOK should appear on the HMI. 

NOK = Not Ok 

 JQAP  
• Zone 1 

See “Appendix 5: JQAP Zone 1”  
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In the JQAP, we can see all the different parts that are being produced. In zone 1, 4 car body parts are 
being produced. But even if they are only 4 different pieces, they are being produced almost at the 
same pace as the ones in zone 2. 

• Zone 2 

See “Appendix 6: JQAP Zone 2”  

In the JQAP for zone 2, 9 parts are being produced. The ones in zone 2 are a bit smaller than the ones 
in zone 1, which should be considered when changing the area of the production line, especially in 
consideration of the Bins.   

 POPS 
• Zone 1  

See “Appendix 7: POPS Zone 1” 

Here in the POPS for zone 1, we can observe how the parts are being assembled in the production line. 
For most parts, a screw or a bolt is being welded into a metal component. All of the parts are being 
welded with either a screw or a nut, but A-pillar Inner Upper Lh/Rh is welded with both a nut and a 
screw, which has to do with its functionality and size.  

It is important to know which screws or bolts that all metal parts have when configuring the process of 
the line. 

• Zone 2 

See “Appendix 8: POPS Zone 2” 

Zone 2 follows the same principle as in zone 2, except for Sidemember Upper Inner Lh which is 
welded with 2 nuts and 1 stud instead of just 1 nut.  

 Cycle Time Diagram 
A cycle time diagram is an essential tool when working with process engineering because it enables 
the engineer to plot all the actions that are being made in the production line (operator and robot 
actions). Volvos cycle time diagrams for Nutcell 10 were no updates, so I had to measure the total 
cycle time for all the parts in both zone 1 and 2 (can be read as “New cycle time: …” in appendix 9 
and appendix 10 or figure 3) 

 
Figure 3 Cycle time diagram for A-Pillar Inner Upper 

New cycle time; Rh: 48,4s, Lh; 47,2s 

• Zone 1  
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See “Appendix 9: Cycle Time Diagram Zone 1” 

In Zone 1, the total cycle time is around 12 to 16 seconds, but for the A-pillar, it is 47-48 seconds 
because it has more screws and nuts to be welded on and is bigger in dimensions than the other 3.  

• Zone 2 

See “Appendix 10: Cycle Time Diagram Zone 2” 

The cycle times for zone 2 follows the same principle as in zone 1, but the total cycle time here has a 
bigger interval, which is mainly because there are a higher variety of parts to produce in this zone.  

 Real-life footage 
In “Appendix 3: Current layout” you can see real-life footage of Nutcell 10. The real-life footage and 
being on the production line in Real-life is very benefitting because it shows other perspectives and 
much more details of the production line.  

 Price break down 
See “Appendix 11: Price Breakdown” 

In this appendix, you can see how almost all of the costs for all equipment in Nutcell 10. It can be 
important to see in what price range the cell is so that future ideas do not get too expensive. The 
production line has a subtotal of around 6,5 mSEK, where the most expensive equipment is the 
welding machines which go for around 250 kSEK each.  

3. Related work 

In this section, the reader will get an understanding of the theoretical concepts that have 
been used in the research by some related works that have been done in the relevant field. 
The choice of the theories in this section is essential to understand the methodology that has 
been used.   

3.1. Lean manufacturing 
According to R.Sundar, et al.[4], “Lean” is the concept or ideology of making a process more 
benefiting in various terms (financial cases mostly) by, for example, maximizing the value for the 
customers and minimizing the wastes and the same time. The name “Lean” has its origin from “Lean 
meat”, e.g. meat without any fat. It is a philosophy in manufacturing that is specifically customer-
focused in process improvements, where improvements are for example optimization of time, human 
resources, assets, productivity and quality. 

There are many different strategies to do this, but when talking about Lean, people often bring up “The 
Toyota Way”. In the paper, Lean had its uprising in the car manufacturer Toyota, but have since Ohno 
(1978) and Deming (1986) been analyzed and developed more into all kinds of industries.  

For this research, “Lean manufacturing”, since the processing system that will be studied is about 
manufacturing assemblies.  

3.2. The relation with the five lean principles  
Lean manufacturing is based on five core principles, which are the following: 

1. Identifying the value from the customers perspective 

The value is of course created by the producer (VCBC), but it is also defined by the customer. In our 
case, the value of the car body components is joining of the metal parts and making them into an 



24 
 

assembly. For the customer, the value is when everything is assembled into a complete car that can 
offer all functions and needs of the customer [5].  

2. Mapping the value stream  

The value stream for Nutcell 10 will be plotted and analyzed, so that we can see the relationship 
between the value-adding activities and the non-value adding activities in the process. This helps us 
identifying wastes and methods of improvement [5].  

3. Create a flow 

This principle is about eliminating barriers in the process which leads to disturbance so that the 
process is smooth from the time an order is received through to delivery. It is also about preventing 
interruptions in the production process and enabling a harmonized integration of all the tools and 
activities in the production line [5].  

4. Establish a pull system 

By this principle, you only start work when you have a demand for it, otherwise, it is not necessary. In 
other words, nothing is bought or made until there is a demand. This relies highly on flexibility and 
communication at the production site [5].  

5. Continual process improvements (Kaizen) 

By implementing a lean philosophy, you are always striving for improvements and perfection. All 
processes can always be improved in one way or another, therefor, this mindset will have to be at the 
back of the brain all the time. In Japanese, it is called “Kaizen” [5].  

3.3. The relation with the eight wastes  
The five principles can also be reflected in Toyota's seven wastes. They are called wastes because they 
do not add value for the customer, instead, they are wasting time, money, energy and resources. It is 
these wastes that process engineers and lean researchers analyze to eliminate or prevent wastes. 
Sundar, et al. explains that the elimination of these wastes is achieved through the successful 
implementation of lean theories [6]. Here are the seven wastes:  

 
Figure 4 The 8 types of wastes [15] 

• Defects: In our case, it is the defects of the car body parts, incorrect information for the 
operators [6]. 
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• Overproduction: In our case, this waste is very relevant because the orders are coming in 
exact numbers from the production leaders, which eliminates the chances of making 
overproduction [4]. The only way to do overproduction is if the production leaders get work 
information from decision-makers, which is not studied in this research [6]. 

• Waiting: Whether it is people waiting for trucks or idle equipment inside the Nutcell [4]. 
• non-utilized talent: This is not originally prescribed in the Toyotas production system, but 

lean researchers and practitioners often include this eighth waste. It is basically about not 
utilizing people’s competence and talent [6]. 

• Unnecessary transportation: Unnecessary movements of both people and robots will be 
taken into consideration [6]. 

• Excess inventory: There will be an analysis of the frequency of the parts in the production 
line to see if there are any products or materials that are not being processed [4].  

• Unnecessary motion: This waste will be studied for people, equipment or machinery [6] 
• Extra-processing (Or putting too much time into a product than what the customer needs and 

pays for, regarding design, specifications, features, etc.) [6]. 

3.4. Value stream mapping  
Sundar, et al. further explains that lean manufacturing is a waste reduction technique as suggested by 
many authors. Although, in reality, and practice, it is more about maximizing the value of a product of 
process through minimizing the waste that you have discovered. The value can be analyzed by plotting 
the activities (figure 6).  

 
Figure 5 Value stream mapping guide for employee activities [7] 

The value stream map above does not present any general process, e.g. there is no concept of having 
the activities split into 33% each, but it is just explaining the different sorting of the activities regards 
to their value. In the middle it says, “Employee activities”, but it does not have to be a human, it can 
be any machine, such as a robot or a welding machine. The key here is to understand the principle of 
the diagram and its usefulness.  

The red area (Non-Value-Added Activity [NVA]) is basically when a human or machine in example 
idle or waiting. It could also be overproduction, over-processing and defects [7]. NVA is very 
important because it helps the researcher to see the quantity of the wastes, by implementing the 
analysis based on cycle time, money, etc.  

The opposite of NVA is VA (Value-Added activity), which is the core activity in which you create 
value for your product. In manufacturing, this activity could be a manufacturing technology such as 
welding, joining, casting, etc. and emphasizes when the value is directly being added into a product 
[7].  
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Between NVA and VA, there are the Necessary supporting activities, which are for example when 
moving apart from a conveyor to the welding machine. These activities do not create any value, but 
they are necessary to do for the VA [7].  

According to Ciarniene, et al., [7], typically when you apply a value stream map for your process, you 
will notice that only ~5 % of the total activities create value (VA). A lot of time is spent on 
transportation, motions, and movements, so by reducing these wastes, you can make the process leaner 
orientated and smooth.  

3.5. Lean manufacturing tools and concepts 
• Heijunka 

“Heijunka” manufacturing is one of the most important methods in the Toyota Production System. In 
general, it is about leveling the type and quantity of production over a fixed period. By doing this, you 
can enable the production to efficiently meet customer demands while avoiding batching. This results 
in minimum inventories, capital costs, manpower and production lead time through the whole value 
stream that you are working with [7].  

 

 

• Kanban 

To control inventory levels, you can implement a subsystem called “Kanban”. The Kanban system 
provides a mixed model production, where you have an optimal inventory level. This type of method 
results in less lead time in product delivery and effective utilization of resources and machines.  

• Jidoka 

Jidoka means “Intelligent people and machines that discover and quickly solve problems”. This is 
where quality comes into place, as described by Sundar, et al., which talk about the quality of the 
setup, loading and unloading in a production line. The Jidoka method enables a line to automatically 
stop if something goes wrong so that no further damage is done [7].   

• Andon 

Information and communication are very important for a process. This can be done by implementing 
systems for light, sound or graphical effects. This helps the communication because the employees can 
easily detect if something is working or not, if something is dangerous or safe and plan the production 
better [8].  

• Poka-Yoke 

In lean manufacturing, it is essential to try to prevent problems and deficits, so that the process can run 
as smooth as possible [Lean manufacturing book]. This is where “Poka-Yoke” comes into play, which 
means “idiot secure” [8]. By this philosophy, the aim is basically to design the environment so simple 
and clear so that it is hard to make a problem.  

• 5S 

The 5S are methods used for structure and order in a process. They contain 5 individual goals that the 
employees are aiming to follow for a work environment that is structured and have discipline. By 
applying the 5S, you can make both economic and efficiency-related benefits [8]. The 5S are the 
following;  
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Table 2 Descriptions of the 5S principles [9] 

Seiri Sort Sort the items that are less important from the other ones. Tools, 
supplies, storage parts, etc. should be reviewed and evaluated so that 
the team can identify which item is important and which is not [9]. 

Seiton Straighten Create a system that organizes the essential material so that everything 
has its place. This S is related to the motion and movement of the 
operators. The aim here is to place frequently used items near the 
working place of the workers [9].  

Seiso Shine Clean the work area so that you can work effectively and any related 
equipment clean. If the place is too dirty, it can affect the equipment 
(for example light sensors), which can lead to failure and lost time [8]. 

Seiketsu Standardize This step is one of the most important because, by making system 
standardized, you can save a lot of time, energy and money. 
Standardizations can be implemented in the example in work 
instructions, checklists, etc. By not implementing standardizations, you 
can risk of motivating the employees of doing things in their way, 
which can lead to problems and waste [9].  

Shitsuke Sustain To implement and systematically perform the steps above, you will 
need to have discipline in the company and ingrain the 5S process into 
the culture of the company [9].  

 

3.6. The challenges with Lean in relation to today’s expectations 
and objectives 

 Customer satisfaction 
Lean manufacturing sounds very good on paper, but the practice in Real-life is at least as important as 
the theory behind it. When you reduce waste, you also make more value for the product, which is, of 
course, satisfactory for the customer, but there is still a risk that the customer won’t be satisfied 
because of various reasons such as the design, specifications, etc. Lean manufacturing processes are 
very dependent on supplier efficiency, which makes the process sensitive to disruptions in the supply 
chain [8]. So, if the customer is not satisfied, this can result in long-lasting marketing problems for the 
company thanks to the delays made in the deliveries of the supply chain. 

 Productivity  
The lean manufacturing theories lead to an increase in productivity which is great, but the 
disadvantage comes when in productivity costs. The fourth step in the 5S is about making the process 
standardized, but to make a work process standardized as the theories describe, it will cost lots of 
money in the implementation stage [7]. Another issue with a standardized work process is that it can 
be hard to implement new functionalities or technologies into the process because you will have to 
take into consideration all the relevant standards that are already implemented.   

 Quality  
Following the lean manufacturing theories will lead to improved product quality, but the same as 
productivity, this comes with high implementation costs. If a company is not following the lean 
principles, it will have to dismantle a big part of its physical plant systems [7]. You will perhaps also 
need to invest in newer and more efficient machinery for your process and train the employees into 
implementing the new philosophy.  
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 Delivery times 
The Just-In-Time concept is a theory that you can implement if you do not want to have excess 
inventory that is just sitting and focus more on making the customer orders as valued as possible. The 
small amount of inventory in the company can be a risk if employees want to strike, if there are 
transportation delays or if there are any quality errors that can stop the production which can lead to an 
economic catastrophe. In other words, the company becomes heavily dependent on the suppliers and 
the employees [7].  

3.7. Environmental and societal aspects with Lean 
 Ethics and moral with lean manufacturing 

When you are working and implementing lean into a work process, you will have to notice that there 
will be some ethics and moral considerations from the employees, because the implementation of lean 
will directly affect their daily work process [7]. Discussions can lead to conflicts and confusion, so 
there will need to be a well-structured, analyzed and constructive presentation of your lean idea for the 
company. The benefits (especially in numbers) can help employees on shifting into a leaner way of 
working [4]. The persuasion of the implementation of lean manufacturing will need to be presented 
clearly and substantially for the best possible reaction and acceptance from the workers.  

The change to lean manufacturing demands a significant change not only on the employees but for the 
whole philosophy of the company, which can be hard and expensive to establish. If the leaders of the 
company lack persuasion skills to overcome the social challenges, there is a risk that there can be more 
waste than value creation in the company [7]. The most challenging part with the transmission might 
be that the employees will not accept the changes made, even if clear beneficial aspects have been 
presented to them [7]. This can lead to stress since employees might feel that they are being too 
disciplined or that they lack the competence that the decision-makers are looking for.    

Ways to tackle this kind of social aspects have been studied, where researchers have concluded that 
there will need to be clarifications on what is ethically and morally correct regarding the philosophy of 
the company [8]. This can be done by discussions both in the office and at the site, demonstrations, 
visual instructions, simple structure, etc. [8]. 

 Environmental aspects with lean manufacturing 
There are some environmental impacts from lean manufacturing that are important to recognize when 
implementing lean into a company. When companies seek lean manufacturing, they tend to seek 
methods that can reduce the materials, energy, water, space, etc. But what it is not directly targeted are 
the environmental endpoints that lean manufacturing processes present. This is in example hazardous 
waste, air emissions and wastewater discharges [10]. These kinds of environmental effects are hard to 
take into consideration when applying lean manufacturing because the lean methods are usually 
limited to a subsystem, which is specifically the work process in the company, and not external 
factors.  

In table 3, you can see some environmental impacts that are linked to some of the waste types that are 
included in lean manufacturing [10]. It is important to consider the environmental impacts when 
implementing lean manufacturing because they can play a big role regarding the extraction, energy 
consumption, recycling, etc. [10]. 

Table 3 Waste types that are related to Lean manufacturing and their corresponding environmental impacts [10] 

Waste type Examples Environmental Impacts 
Defects Scrap, rework Firstly, you must manufacture the defective products, 

then use more energy for recycling, repairing and 
reworking [10]. 
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Waiting Processing delays, 
equipment downtime 

Spoilage of material can lead to waste, which also 
includes more energy in heating and cooling [10]. 

Overproduction No orders for the items  If there are no orders for them, then you have spent 
energy and resources on manufacturing them [10]. 

Movement Long distances Long unnecessary distances need more energy, which 
implicates more emissions and more packaging 
required to protect components during transportation 
[10]. 

Inventory Excess raw material This waste leads to more deterioration, replacements of 
damage cause and energy used in heating, cooling, etc. 
[10]. 

Complexity Process steps  Unnecessary processing needs more raw materials to 
be extracted and manufactured, which leads to 
increased wastes, energy use and emissions [10]. 

 

3.8. Industry 4.0 and digitalization 
Industry 4.0, or “the fourth industrial revolution”, is originally a German strategic movement (2011) 
that aims to further develop factories by making them intelligent by implementing manufacturing 
technologies. [17]. The main purpose of the development of Industry 4.0 is to productivity and 
efficiency, by applying convergent and emerging technologies that can add value to the whole 
lifecycle of the product that is being produced.  

 A conceptual framework for Industry 4.0 technologies 
The technologies within Industry 4.0 can be divided into two different groups, Front-end Technologies 
and Base Technologies. Front-end Technologies are the transformation of the activities in the 
manufacturing process (e.g. Smart Manufacturing) and how the products are being handled in a smart 
way [17]. Smart Supple Chain takes into consideration the process containing the management of raw 
materials and products delivered to the customer. In our case in the research study, the Smart Supply 
will not be assessed because the work is limited to the production line only and not the whole supply 
chain. Smart working, however, will have a part in the study because it considers how workers 
perform their activities, with the help of support from the presented technologies and ideas. The four 
different Front-end Technologies are commonly relevant for the operational and market needs, 
therefore, they are highly relevant for this research study because the foundation of making the 
production line more effective based on presented goal specifications, the end-applications are critical 
for success, especially Smart Working and Smart Manufacturing.  

Technologies that support and provide connectivity and intelligence to the Front-end Technologies are 
the Base Technologies. The Base Technologies could also be the main key factor for enabling a 
concept which develops the traditional work processes. The implementation of Base Technologies also 
enables Front-end Technologies to relate to each other in a more integrated system for manufacturing 
[17]. The big part of the digitalization in a concept influenced by Industry 4.0 comes through the Base 
Technologies because they in the example, apply data transfer and data storing which can be 
integrated with machines in the line.  

• Internet of Things (IoT) 

Internet of things, or IoT, is the principle where sensors are integrated into an internet environment. 
This is done wireless [18]. Enabling IoT in manufacturing can make resources into smart 
manufacturing objects (SMOs) [18]. These objects can sense, interconnect and interact with each other 
for an adaptive and flexible manufacturing system where there is real-time data collection. These data 
sharing and collection can be implemented with machines, humans, and materials [18].  
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• Cloud 

Cloud services have existed since 2009 and are on-demand network access for a shared pool where 
you can store data such as images, text, videos, etc. [18]. The benefit of this technology is that you can 
store data on the cloud, which means that it is available for you anywhere you are without physically 
near you. You just need access to the internet [17]. In manufacturing, Cloud is used to store data of a 
product's life cycle, design, simulation, manufacturing system, service, etc. Cloud could also relate to 
IoT for a more digitalized sharing of data that can give in example a service orientated solution for a 
company [18].  

• Big Data 

Big data, or intelligent manufacturing, could be the result of a combination of IoT and Cloud 
implementation. This data could consist of data gathered from various systems and objects in a 
production line (e.g. a robot or welding machine in our case). More concrete, Big data could be 
achieved from sensors, programming devices, networks, log files, and line software. To implement 
Big data into a manufacturing process, you will need an environment for it, which can be achieved 
through advanced analytics (See “Analytics” in 3.8.1.) [18]. This technology could also be used for 
customer preferences, market trends, etc. [18] 

 

• Analytics 

Analytics is the fourth base technology in the conceptional framework for Industry 4.0 and is also 
called data mining and machine learning [17]. This technology is a key factor for a successful 
manufacturing process with Industry 4.0 because of the data that this technology can generate. 
Analytics works together with Big data by identifying events and actions that can be relevant to 
identify before a problem or any other event happens and is achieved by being able to store a lot of 
data [18].  

 
Figure 171 Conceptional framework for Industry 4.0 technologies [17] 

 Smart Manufacturing and Smart Products 
The basis for Industry 4.0 lies in the Smart Manufacturing Concept, which is an adaptable automated 
process in a line for different kinds of products, based on changing conditions [17]. Smart products, 
however, are the external source (e.g. when customer data is integrated into the production system, i.e. 
product offering) [17]. In our case, Smart Products will be taken into consideration because it is not 
within the reach of the scope of the research study.  
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Smart Manufacturing is very important because it works as the central pillar of the internal operations 
activities (production system).  

According to Frank Germán Alejandro et al. [17], Smart Manufacturing could be divided into 
categories and their respective technologies, for a deeper understanding of the concept. These 
categories are listed below, with some technologies that are related to them;  

• Vertical Integration – Sensors, Line Computer, Machine-to-machine communication  
• Visualization – Simulation of processes, Artificial Intelligence  
• Automation – Robots, Machine-to-machine communication 
• Traceability – Identification of raw material and final products 
• Flexibility – Additive Manufacturing, flexible and autonomous lines 
• Energy Management – Energy efficiency monitoring/improving system 

In practice, the Smart Manufacturing will enable a company to enhance the automation in the 
production by implementing machines (e.g. robots) that can increase productivity and automate the 
operational processes. This means that a human’s operational wok can be substituted by a robot, or at 
least that robot and human work together in an integrated way, where both parts support each other 
during various process actions. To further enhance the capabilities and flexibility of an autonomous 
process, you could implement artificial intelligence (Visualization), with the robots, and thus making it 
more independent by analyzing analytical data gathered from sensors to monitor so that you could 
predict and forecast failures or problems [17]. This strategy is very useful when reducing stops and 
cycle times in a production line. The artificial intelligence also enhances the quality control and 
overall reduces costs and waste for the company [17].  

When it comes to traceability, it can be installed by applying sensors that identify if raw material and 
finished products pass through control based on specific technical criteria [17]. This is a good strategy 
to make sure that the material that you will be working with and the finished product holds a standard 
that the company is aiming for. This kind of traceability is not present in Nutcell 10 because the 
incoming material has already gone through a traceability test in the early stages of the supply chain 
and will also go through some quality checks when the product is finished.  

The flexibility of the line can be enhanced by making elements such as the construction and 
infrastructure of the line more modular so that you could easily plug and unplug elements of the line 
without losing productivity [17]. This strategy is shown mostly in fully automated or half-automated 
lines.  

At last, we have the energy management of a production line, which is very crucial when discussing 
costs and waste. To improve the efficiency of a factory, an energy management plan needs to be 
addressed. This can be presented as an efficient monitoring system that relies on data collected from 
the machines in the line [17]. But it can also be done by analyzing the energy consumption of the 
current machines to see if other alternative machines can do the same amount of work, for a cheaper or 
similar price and at the same time being more energy-efficient.  

 Smart Supply Chain and Smart Working 
The other Front-end Technologies are Smart Supply Chain and Smart Working, which are more about 
providing efficiency to the operational activities, while Smart Manufacturing and Smart Products are 
more orientated on adding value to the manufacturing processes and the final product. As stated in 
3.8.1., the whole supply chain will not be considered since we are mainly focusing on the production 
line Nutcell 10 itself and not the external activities outside of it. However, it is noticeable that 
digitalization through digitalized platforms with suppliers, customers and company units is used in 
Smart Supply Chain.  
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Smart Working is more relevant for the scope of the research study because it contributes to the 
operational performance and supports the workers' tasks, which enables them to work in a more 
flexible and productive regarding requirements for productivity [17]. Some technologies that support 
Smart Working are the following: 

• Remote monitoring of production 
• Remote operation of production 
• Collaborative robots 
• Virtual reality for workers training 

Virtual tools are a part of Smart Working, such as Virtual Reality (VR) and Augmented Reality (AR). 
These technologies can be used e.g. for training purposes for workers for a cheap, virtual and flexible 
training course. Another digitalized technology is remote monitoring and remote operation of the 
production is a technology that enables the employees to observe and run the production line 
efficiently and flexibly [17]. To achieve this, you will need to apply for an autonomous manufacturing 
system.  

Collaborative robots in Smart Working are robots that interact with humans and support their activities 
[3]. This technology could be complied and integrated into an autonomous process, where you have 
the speed, accuracy, and endurance of a machine, as well as the competence that the human has that 
can not be translated into a machine. This technology could also be a gateway or the first step to a 
fully autonomous manufacturing process for more effective production.  

3.9. When Lean meets digitalization and Industry 4.0 
Industry 4.0 is a set of advanced technologies that uses digitalization while offering new approaches 
for dealing with challenges in various systems. These technologies are e.g. Internet of Things, Big data 
and Analytics, Additive Manufacturing, Advanced robotics, Augmented and virtual reality, cloud 
computing, etc. [13]. Due to the complexity of newer operations that are constantly coming in the 
manufacturing industry, lean can be seen to be insufficient because it cannot offer a solution to highly 
complex environments. Industry 4.0 enables the manufacturers to early predict failure and reconfigure 
themselves to combat further failures [13]. This is something to take into consideration in our study 
when it comes to generating new ideas into the line, e.g. for the packaging, loading and logistics. It 
can help us, for example, creating a more convenient work process where there are fewer actions for 
the operators to make, and thus decreasing the amount of time that the operators must be in the line, 
thanks to newer digitalized technologies.  

3.10. The Contribution 
There have been many research studies done regarding lean manufacturing, but there are still ways of 
improvement in the area. An example is that lean theory is still hard to implement in the industries 
because of its high implementation costs and the social and environmental aspects, especially within a 
more digitalized world with Industry 4.0.  

As a contribution to this research, a concept will be presented for one of the latest production lines at 
VCBC, Nutcell 10. With the help of the literature and related work, the concept will generate ideas 
that will solve problems that are in the production line.  

It will also present a work process that can contribute to making it easier to implement lean theories 
and newer digitalized technologies into the industry. The contribution will help companies around the 
world to tackle the wastes more systematically and broadly.  

In general, the contribution can be broken down into three points, which are the following;  
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• A concept containing technologies that are influenced by digitalization to replace current 
traditional handling actions (e.g. packing/loading) 

• A concept layout of the production line to achieve goal objective  

• A complete reengineering of the current manufacturing process to reduce costs and waste for 
maximum efficiency  
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4. Methodology & research approach 
4.1. Synthesis of the methodological approach 
The methodological approach used for this research consists of various steps that are based on the 
design thinking process (figure 7). As shown in figure 170, the approach seems to go in a specific 
order, although, there were some iterations done in the process. An example of such iteration was done 
while doing the idea generation through Autodesk AutoCAD and Siemens PLM because it contributed 
to various parameter testing (e.g. cycle time and workspace). Other iterations were done at the 
production line between identifying problems and calculating if they were frequent enough (based on 
criteria).  

The first step of the methodology (“Define research question and makes limitations”), introduces the 
researcher (research clarification) to the subject, where reviews of similar studies have been conducted 
so that some rough boundaries and limitations can be set. 

 Between the first and second steps, the research question and some hypotheses are defined and 
discussed. Planning and framing-step are related to “Knowledge and understanding” because new 
knowledge surrounding the research study could have affected the planning in the Gantt chart. This 
iteration made it possible to make more realistic and detailed planning and framing. The tools and 
methods (e.g. JQAP, POPS, cycle time diagrams, etc.) used in the third step were used because they 
gave essential information about the production line and how it works. Tools such as the 
reference/impact-models, Arc Diagram and Question-Method-Matrix were implemented as strategies 
to have an overview of how to identify and tackle the problem of the research, as well as set up a plan 
for how to answer the research question and hypotheses. The same methods and tools are being used 
in VCBC, therefore, it became possible to effectively implement them into the research. To further 
understand the width of the problem, how it can be solved and if there are already similar strategies in 
research, an analysis regarding related work was conducted. This analysis also gave an essential theory 
that could be implemented into the methodology of the study.  

In the “problem identification and data extraction”-step, many methods were used and applied so that 
several aspects of the problem identification could be taken into consideration. The material and value 
stream analysis in the example made it possible to identify frequent problems with the current line 
related to goals specifications and theory. The overall process methodology that was used for problem 
identification and quantification was Six Sigma, which was chosen because it correlates with the 
subject of the research.  

The problem quantification was primarily based on hour and time loss for the identified problems and 
got a major part of its data from the computer in the production line. The “Idea & Concept generation, 
selection, and testing” was the biggest part of the study because it contained constant iterations 
between the testing of the ideas in the AutoCAD and Siemens software. This specific software’s were 
used because they have been used in VCBC for many years and comply with their product 
specifications and were relatively easy to access while being at VCBC. The competence within the 
company also helped the researcher to effectively use these tools on the presented ideas. You could, of 
course, other tools for these steps, as long drawing and simulation compatibilities that comply with 
your company’s files and work process (e.g. ProgeCAD). 

The last step bonded different elements of the study into one single concept, with presented benefits, 
risks, arguments for implementation and assessments. FMEA was chosen because its different 
parameters are already defined in VCBC. However, the comparison of the walking distances and free 
space (approximated measurements) could have been done more precisely by observing the operators 
walking distances at the line (would have needed more time), although the data received from the line 
PC was relatively precise. Another tool (e.g. TOPSIS) could have been used for the assessment and 
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comparison of the goal specifications, but it would have needed too many approximations to fit this 
specific research study, therefore, the presented strategies seemed more suitable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 170 Methodology synthesis of methods and tools used in the research study 
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4.2. Design thinking process 
The design thinking process visualized in figure 7 will be the main philosophy of the methodology in 
this research study and is the foundation for the Gantt chart in section “4.2 Time and activity plan 
(Gantt chart)”. The design thinking process was chosen to be the general methodology strategy for the 
research study because the researcher has a well understanding of it and knows how to utilize. 

 
Figure 6 Presentation of the design thinking process (BTH.MSPI) 

• Initiation (Framing – Teaming – Planning) 

In this phase, the focus will be a lot of users, ecosystem/network of stakeholders and the potential 
value-adding solutions. Discussions and collaboration with the partner that the project is going to be 
with start in this phase (kick-off). The main objective with the kick-off is to get to know the company, 
supervisors and so that the partners also get to know the student. First aims and scopes are set with a 
rough plan of the project.  

• Inspiration (Needfinding) 

The inspiration phase will consist of lots of research on literature, technologies, understanding the 
problem, reading through the KPI, ideal plant theory, PP20 Goals and start with live observations in 
the line. The needs and goals that VCBC has will be studied and documented in a structured way.  

• Ideation (Divergence – Convergence) 

After several observations, in-line operations, the process analyzes, and goal sets, it is time to generate 
ideas and make concepts. The ideas will be made primarily in Autodesk AutoCAD, where iterations 
will be made, after receiving feedback from engineers in safety, ergonomics, maintenance and process 
departments.  

• Implementation (Prototyping – Pitching) 

This phase is also called the “Evaluation phase” because here will be presentations and arguments on 
why VCBC should choose the concept solution over the current one, by applying analyzes 
surrounding the goal specifications that are set for the research. Simulation of the concept and risk 
analysis will also be made as a validation. At last, a survey will be made for engineers and technicians, 
which they will grade the concept solution based on the goal specifications and their competence and 
experience.  
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4.3. Time and activity plan - Gantt Chart 
A Gantt Chart (Table 4) was made so that all activities could be planned and monetized 
comprehensively. The Gantt chart was also a great tool to use for meetings with the supervisors. Other 
tools for keeping track of the planning could have been used also (e.g. a Project Network Diagram), 
but the Gantt Chart was used because it is a tool that the researcher is well used with. 

Table 4 The Gantt chart of the research study. For a more detailed version of the Gantt chart, check “Appendix 2: Gantt 
chart table” 

 

- A = Preparation, planning and setting the stage for effective progress 
- Read literature and research for insights from anywhere in the field of ideas and alternative 

technologies 
- B = Read literature and research for insights from anywhere in the field of ideas and 

alternative technologies 
- C = Meet the supervisor, manager, engineers, team leaders and technicians that are familiar 

with the line  
- D = Reading through the KPI, WIP, Ideal plant theory, PP20 Goals and getting familiar with 

them 

1/20/2019 2/24/2019 3/31/2019 5/5/2019 6/9/2019
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W

Gantt Chart - Master Thesis 2019 
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- E = Observe the Line in Real-life, read and get familiar with the POPS, JQAP, Cycle diagram, 
Kap, process description, 2D layout and the price break down 

- F = Make a material flow analysis and value stream analysis for the current line 
- G = Operate in the line and document problems, wastes or any disturbances  
- H = Interview operators, technicians and sketch ideas that can be implemented in the line 

(Constant feedback) 
- J = Sketch a concept 2D layout in Autodesk AutoCAD and make iterations  
- K = Document frequent problems that are in the line and analyze what is causing them 
- L = Document frequent problems that are in the line and analyze what is causing them 
- M = Generate ideas to solve the frequent problems in the line  
- N = Write the master thesis report  
- O = Get feedback and iterate for the ideas and layout concept from the manager, process 

engineers, technicians, Safety/ergonomics engineers, maintenance engineers, and team leaders 
- P = Halfway reconciliation with the supervisor in BTH and do the halfway survey 
- Q = Test the concept by simulating it in Siemens process designer  
- R = Make a Risk analysis of the concept (FMEA) 
- S = Present the benefits the concept through regarding the goal specifications 
- T = Make a feedback survey emphasizing all of the goal specifications that relevant engineers 

will do  
- U = Get feedback for the Draft report, fix problems with the report and read the opponent 

report  
- V = Prepare for the presentation of the master thesis 
- W = Gather feedback from the supervisor and the opponent and adjust the report 

4.4. Six Sigma (DMAIC) 
The Six Sigma method will be applied to the research methodology from the start until the end. Here 
are the following steps that have been made and in more detail:  

1) Define – Problem identification was made by acting as an operator for around 3 weeks in the 
production line, documenting failures and looking through the technicians’ and maintenance 
operators’ documentation table for the line 

2) Measure – The quantification was made by translating the problems into wastes in terms of 
time and money  

3) Analyze – the cause of the problems was made by making several observations in the line, 
experimenting with the equipment and looking through causes that have been documented by 
the maintenance employees. 

4) Improve – The ideas that were generated through several iterations were sketched in Autodesk 
AutoCAD and simulated in Siemens PLM. Both the sketches and the 3D simulations were 
presented for relevant engineers, managers, technicians and maintenance employees for 
criticism and feedback. The solution has not been implemented. 

5) Control – To be able to control and maintain the solution, the solution will f need to be 
implemented.   
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Figure 7 The Six Sigma methodology [15] 

Notice that Six Sigma: DMAIC will be applied specifically for the problems found and for the ideas 
generated, but the overall methodology for the research study will be the design thinking process 
which was described in section “4.1 Design thinking process”.  

4.5. Reference model  
The reference model represents the existing situation for a system. Figure 4 describes how you should 
interpret the blocks and symbols in a reference model. When talking about the attributes, you are 
referring to the aspect of the existing situation that you are dealing with. E.g. “quality”, which you can 
either decrease or increase by giving it a value of + or -. This value has a direct impact on another 
attribute or element in your system.  

By doing a reference model, you can see which attributes or elements can be removed, rearranged or 
added, to increase e.g. profit or effectiveness for your situation.  

 
Figure 8 Explanation of the different symbols and meanings in a reference and impact model 
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The reference model I made for my system is based mostly on experienced observations and analyses 
that have been made by studying the production line and its flows, but also taking into consideration 
the problem definition and the goals of the thesis ([E] = Experience). Assumptions have also been 
made concerning my understanding and knowledge in the area as well as some guidance and tips from 
my managers ([A] = Assumption). Both the experience and the assumptions are supported with facts 
from the section “3. Related work”, especially regarding the lean theories. 

What we can observe from the reference model, is that there is a lack of value-adding activities which 
increases the cycle time for the parts being produced. Another factor is the ergonomics and safety of 
the operators which have an impact on the risks and the quality of the welding.  The main factors that 
will be focused on will be the preliminary measurable success elements, which are the total cycle time 
and the amount of profit that you can make by applying various ideas and solutions into the process. 
The number of welding elements and the number of welding machines will also be analyzed, but there 
will not be enough time to dig deep into them, although it is important to recognize as relevant factors 
in the reference and impact models. 

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 167 The reference model of the research study 
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4.6. Impact model 
The impact model is similar to the reference model and it includes the desired factors, expectations, 
effects and the support which is represented as a hexagonal element. The main difference that you will 
find in the impact model is the value of attributes for the different factors. It is desired to e.g. increase 
the value-adding activities which will decrease the total cycle time, which in turn increases the amount 
of profit and effectiveness. Another example is the improvement of ergonomics and safety, which will 
reduce risks and improve the welding quality as well as improving the life cycle costs. The support 
will include a better understanding of the problem, which will influence the value-adding activities 
and indirectly the effectiveness of the production line. 

You could see the impact model as some of the goals that are meant to be achieved in the study, within 
consideration to the theory, problem definition and aim of the thesis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 168 The impact model of the research study 
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4.7. Key criteria 
The success criteria for success would be the amount of profit that VCBC. “Profit” is a very 
generalized term, but what is considered in this case is the profit in money that you get from the line. 
This profit is generated basically by measuring the measurable factors (work area/Total cycle time 
etc.) and observe which configuration will lead to the most amount of profit.  

The source measurable parameter is the Number of Welding machines, which has a direct impact on 
the Number of welding elements, which in turn will affect the three “Preliminary Measurable 
success”. The Preliminary measurable success parameters will be used to observe the changes that are 
being done by modifying the number of welding machines/elements.  

4.8. Arc Diagram 
The purpose of the Arc Diagram is to highlight the areas that are related to the thesis, and how 
different areas are relevant to each other in terms of being essential (the focus of the study), 
contribution (Contribution from the researcher) or useful (useful to the area that it is intersected with). 

In this study's Arc Diagram, the main focuses are in value-adding activities, lean theories, safety, 
ergonomics, profit (in money and time), the welding quality and the total production line area. 
Examples of software that will be used are Autodesk AutoCAD (for layout concept sketches) Siemens 
PLM (for 3D visualizations and simulations) and Robot Load (to test if various robots are compatible 
with the given payloads of the line.  

Essential                                       Contribution                                Useful 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 169 The Arc Diagram of the research study 
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4.9. Question-Method-Matrix 
In this section, the research question and the hypotheses are paired with various methods that will be 
used in the study, regarding how much effort the researcher or the participants in VCBC will need to 
make, as well as how suitable the tools and strategies are for the mentioned research questions and 
hypotheses.  

√ = Low suitability, √ √ = High suitability, R = Low researcher effort, RR = High researcher effort, P 
= Low participant effort, PP = High participant effort 

Table 5 The Question-Method-Matrix of the research study 

 Observation
s and 
documentati
ons  

Idea & 
Concept 
generation  

Product 
selection 

Computer 
simulations, 
layouts and 
prototypes 

The 
production 
line, JQAP, 
POPS, 
Process desc. 

Techwatching
, AutoCAD, 
Manuals for 
Safety, 
ergonomics 
and physical 
boundaries   

Quality function 
deployment, 
House of Quality 

AutoCAD, 
Siemens PLM 
will be used for 
iterations and 
visualizations 

How should projection 
welded features be 
applied in a process for 
a production line to 
obtain the best quality 
and most effective work 
process by renovating 
the traditional 
manufacturing process 
and reducing waste and 
costs?   
 

√√ √√ √√ √√ 

RR P RR P RR  RR  

By doing an 
investigation on the 
problems that are 
currently in the line and 
documenting frequent 
errors that are 
happening in the 
production line, it will 
be possible to quantify 
the problems to see how 
serious they are. By 
doing so, it will be more 
efficient and realistic to 
present ideas on how 
you can make the 
production line more 
effective.  
 

√√ √√ √√ √√ 

RR  RR P RR  RR  
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By generating 
conceptual layout 
sketches for the 
production line, it can 
be possible to see how 
you can decrease the 
work area, reduce the 
activities that do not add 
value, increase the 
safety and quality and 
simulate the sketch in a 
3d environment to 
validate the cycle time. 
This approach would 
also make it possible to 
see how innovative ideas 
by digitalization and 
industry 4.0 can be 
implemented to reduce 
waste and costs. 
 

√ √√ √√ √√ 

RR  RR  RR  RR  

 

4.10. Material flow analysis 
When doing the material flow analysis, Autodesk AutoCAD was used to visualize how the car body 
components moved in the production line, from start (“Bin in”) to end (“Bin out”). This was done for 
both zones and all parts.  

This analysis aimed to see how objects moved inside the red rectangle, and if there is a typical pattern 
that they follow or if they go in different paths. This theory is based on the principle of “Create flow” 
from the five principles of lean. This strategy also enables you to see if there is any disturbance of the 
path of the moving object.  

In the example figure showed in figure (9), we can observe that the part that you are manufacturing is 
moving in a pretty good flow inside and outside of the robot cell. In an example, it is not going back or 
taking unnecessary paths, from what we can see at least.  
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Figure 9 Example of a material flow analysis that was used in the study 

4.11. Value stream analysis 
The next step was to do the value stream analysis for Nutcell 10. In figure 10, you can see how it can 
look like. The circle above the robot is representing the three different activity parameters, where red = 
waste, the robot is standing (NVA), green = value-creating, the robot is welding (VA) and blue = 
Necessary supporting activities, the robot is handling the part (NNVA). The number in the middle is 
the total cycle time that the robot is having for a specific part that it is manufacturing, in this case, 12,6 
seconds. By doing this analysis, you can identify if there are any wastes in our system stream and how 
big they are. This enables us to identify where the biggest wastes are in our process, which is very 
beneficial when trying to reduce the NVA and the NNVA. 

More in the description about this analysis can be found in section “3.4. Value stream mapping”.  

The value stream mapping was done for all parts that were being produced in the production line. The 
data of the VA, NVA and the NNVA was gathered by using a stopwatch and “clocking” the 
movements of the robot. For each part, there were approximately 10 rounds of clocking, to have as 
best times as possible. 
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Figure 10 An example of how a value stream can be seen inside a robot cell. 

To complement the value stream analysis, the production efficiency and the value efficiency was 
calculated using the following formulas:  

• Production Efficiency (%): 100 -  𝑁𝑉𝐴

𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒
 

• Value Efficiency (%):   𝑉𝐴

𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒
 

These parameters made the analysis more quantified, which made it easier to see how big the 
differences were between the parts that are being produced in the production line.  

4.12. Observations and operations in the line (Problem identification 
& quantification) 

• Around 3 months, operations and observations were made in the production line, to identify 
which problems were occurring and how frequent they were occurring. Documentation of 
thoughts, ideas, and errors was done daily. 
 

• By operating the line, you could also identify certain ergonomic factors that you were 
enduring your work, although many different aspects could have played a role in this, e.g. 
subjective strengths and weaknesses. 
 

• Small interviews were made with operators, technicians and maintenance employees, where 
information was gathered on different aspects such as problems inside the line (e.g. failure of 
welding) or outside the line (e.g. waiting too long for the trucks). ´When doing these 
interviews, it was essential to be as objective as possible and try to leave out the subjective 
opinions.  
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• To have more substantial data on the errors for Nutcell 10, errors from the HMI (Panda) were 
gathered for the latest month that the line was running for. It wasn’t relevant to go many 
months back in time because the line is constantly under maintenance, therefore, only the most 
relevant and frequent errors were gathered. The frequency for the most frequent problems was 
defined to be at least 1 hour of total time loss for the month (8/2-19 to 11/3-19) that were 
studied.   
 

• The quantification was done by summarizing the number of errors for the welding equipment 
that were doing most of the errors and the operator errors and how much time that was lost 
during these wastes. In Volvo Cars, it is automatically documented when the line stops and the 
reason for that (sometimes it is not clear specifically what reason it is; therefore, you would 
need to go inside the robot cell and investigate the equipment). The specific cost for the time 
waste was also given (around 1000 SEK/hour).  

4.13. Idea & concept -generation 
When having identified the problems, it was time to start generating some ideas for the line. The ideas 
generated were not only for the frequent errors but also for new innovative ways to digitalize a 
traditional factory into industry 4.0 and reduce wastes and costs even more. The ideas are generated by 
taking into consideration the problem definition of the research study, the problems that are occurring 
in the production line and the implementation of digitalization and industry 4.0 together with lean 
manufacturing.  

➢ All ideas were documented, analyzed and discussed with process engineers, mechanical 
engineers, technicians, maintenance employees, and team leaders.  

➢ Criticism and modifications were constantly made in iterations until all parties were convinced  
➢ Idea sketching was made by hand, but also in Autodesk AutoCAD  
➢ The finished ideas were displayed primarily in Microsoft Powerpoint in forms of images and 

videos 

 
Figure 11 Abstract visualization of designing in several iterations [16] 

 Layout sketching - Autodesk AutoCAD 
Autodesk AutoCAD was frequently used during the ideation phase. Some parts were slightly 
modified, but in general, standard Volvo Cars components were used in creating a new concept. This 
was done to make the layout as realistic and implementable as possible. It was obvious to use 
Autodesk AutoCAD because it is the main software that VCBC is using for their layouts of the 
production lines and contains their standards of the different components.  

Around three different layouts were made and assessed based primarily on the goal specifications of 
the research study, the impact model and the implementation of lean theories. After some iterations 
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and feedback for the layouts, they were combined into one single concept layout, which acted as a 
solution for a newer and better layout for the production line.   

 

 
Figure 12 Visualization of some parts that were used in Autodesk AutoCAD 

 Prototyping - Siemens Process Designer (PLM) 
The final concept layout from Autodesk AutoCAD was built in a 3D environment in the Siemens 
Process Designer (PLM), which enabled the researcher to analyze the space in the z-axis. The space 
for the operators and the technicians were taken into consideration. For the same reason as for 
Autodesk AutoCAD, it was obvious to use Siemens for this research study because it is the only 
software that Volvo Cars are using for the building and simulations of the production lines. All the 
standards by Volvo Cars that are being used are integrated into a library at Siemens, which makes it 
effective to use when doing this kind of research. It would have been very time consuming and costly 
to use another simulation software than Siemens because all the necessary equipment and components 
of the production line would have been exported.  

 
Figure 13 A prototype being built in Siemens Process Designer PLM 
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 Alternative robot analysis 
As a part of the idea generation and analysis of alternative robots were made, to see if there are other 
industrial robots than the ones in Nutcell 10 that can be used. This was made so that you could see if 
there were smaller and faster robots that could do the same tasks as the recent robots in Nutcell 10, but 
for a lower price, energy consumption and higher speed.  

Robots that were searched for, were only the ones produced by ABB because of the contract ABB 
have with Volvo Cars Body Components.  

4.13.3.1. The current robot – IRB 6700-220 Lean ID 
The robot that is running for both zone 1 and 2 in the production line is the IRB 6700-220 Lean ID 
from ABB. To look out for other robots, some information about the current one should be stated: 

• 7:th generation ABB Robotic series of high payload, performance, wrist torque and a large 
working range, which comes with a low weight. 

• Areas: Spot Welding, Handling and Machine Tending 

• Payload: 220 kg 

• Volvo Cars have 1000+ units of this model   

 
Figure 14 3D visualization of IRB 6700 220 Lean ID (ABB, 2019) 

 
Figure 15Working range of IRB 6700 220 Lean Id (ABB, 2019) 
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To know what requirements, you should have for the alternative robots, the heaviest gripper and part 
that was being handled in the production line had to be taken into consideration. In this case, it would 
be the gripper and part named A-Pillar Inner Upper Lh (see figure 164 and 165 in appendix 34).  

Table 6 Requirement table with relevant parameters and their values 

Requirement parameter Value 
Gripper name 31468472-441, A-pillar In Up Lh 
Weight of the gripper ~ 45kg 

 
Centre of Gravity (x,y,z) 51 mm, 23 mm, 182 mm 
Part name 31468472, A-pillar Inner Upper Lh 
Weight of the part ~ 2 kg 

 

4.13.3.2. Selection of compatible industrial robots 
After the requirements had been set, two compatible robots with a relevant payload and functionality 
got chosen for the analysis. IRB 4400 and IRB 4600 were the chosen ones.  
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Figure 16 Overview of all industrial robots from ABB (ABB, 2019) 

4.13.3.3. IRB 4400/60  
• This is a fast robot and compact industrial robot with medium to heavy handling work. It can 

be used for many applications thanks to its all-round capabilities. In this research, we will only 
consider its handling capabilities.  

• It is rigid and has a well-balanced design and has also patented the TrueMove function which 
makes the movement smooth and fast throughout the entire working range.  

Payload: 60 kg 



52 
 

 
Figure 17 3D visualization of IRB 4400 (ABB, 2019) 

 
Figure 18 Working range of IRB 4400 (ABB, 2019) 

4.13.3.4. IRB 4600/60 
• IRB 4600 is a general-purpose industrial robot that is specifically optimized for low cycle 

times (can cut cycle times of the industry benchmark by up to 25 %).  It is the fastest robot in 
its class! 

• This robot has a small footprint thanks to its slim design, which enables more compactness in 
the cell. 

• Payload: 60 kg 
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Figure 19 3D visualization of IRB 4600 (ABB, 2019) 

 
Figure 20 Working range of IRB 4600 (ABB, 2019) 

4.13.3.5. Validation of requirements for the chosen robots – Robot Load 
These windows show the load diagrams, the center of gravity and ratings for actual load in software 
called Robot Load, which is used to see if any robot can handle any given load. Ratings are expressed 
as a percentage of max allowed magnitude. To get passed on this test, the red dot on the diagram 
should be below the blue plotted curve. 

• THW = Total Handling Weight  

• CoGZ = Distance to load diagram in Z-direction from the center of gravity  

• CoGL = Distance to load diagram in L-direction from the center of gravity  

• J5 = Total Mass moments of inertia for axis 5.  

• J6 = Total Mass moments of inertia for axis 6.  

• T6-T2 = Static torque axes 2 to 6.  
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H  

Figure 21 Load diagram for IRB 4400, displaying successful testing of the max loading 

 
Figure 22 Load diagram of IRB 4600 showing successful testing of the max loading 

As can be seen from both load diagrams (figure 21 and figure 22), the chosen robots succeed in 
handling the max loading that is required for the production line of the research study.  
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 Comparison and choice of alternative industrial robots 
To choose just one of the two chosen robots for the simulation, a House of Quality was made, where a 
comparison of all three robots had been made.  

4.13.4.1. The House of Quality  
• House of Quality is a tool used in Quality function deployment (QFD), which is a process 

where you translate customer needs into design and quality thinking, to achieve higher quality 
by framing the critical parameters of a product in consideration to the needs. 

• The customers, in this case, are of course Volvo Cars, so the QFD will be used to identify how 
well the robots in this study fulfill our needs and thus calculating which one of them is the 
most suitable. 

 
Figure 23 An example sheet for the house of Quality 

4.14. Validation & Assessment of the concept layout 
 Safety and ergonomic regulations 

To see if the concept layout would meet the safety regulations (Swedish Standardization SS-EN ISO 
14122-2:2016), (e.g. for the electrical systems and emergency aspects), ergonomic standards and other 
crucial parameters (e.g. cable lengths of the ABB robots and their path inside the robot cell), various 
files from different engineers had to be achieved and studied. These regulations affect the operators 
when they are operating the line, but also the technicians and the maintenance employees when they 
are doing various maintenance somewhere in the line.  

 Comparison of the current and concept layouts 
In some way, there had to be a concrete comparison between the current layout and the concept layout 
where you could in quantified results see the difference e.g. in ergonomics (free space for the 
operators and the operators walking distance inside and outside of the line). Autodesk AutoCAD was 
used for this step, where the most frequent paths that the operators took in the production line was 
taken into consideration (this data was achieved from the HMI for Nutcell 10). All paths for both 
current and the concept layout were measured approximately. See “Appendix 21: Difference and 
benefits with the concept zone 1”, where you can find how different paths were measured. You could 
also observe how the approximation of the measurement was made in the example (figure 25).  
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Figure 24 Example of how the frequent paths that the operators took in the production line were measured. In this example, a 

measurement of the path going from the input to output in zone 1 and going from zone1 to zone 2 was made 

By applying this way of measuring for both the current and the concept layout, you could see the 
difference in the operator's walking distances, which is one of the most important aspects when it 
comes to ergonomic satisfaction and Volvo Cars safety regulations.  

 Simulation of the concept layout – Siemens Process Designer (PLM) 
Simulations were done for two parts in both zones in the production line. To have a fair comparison of 
the cycle times and the times for the value-adding activities, the cycle times for the current layout were 
simulated and compared with the simulations for the concept layout for the same parts that were 
chosen. The part that was simulated in zone 1 was the Reinforcement striker Rear seat LH 31656757 
(2 welding points) and the one that was simulated for zone 2 was Top Cover Panel Rear RH 31463975 
(1 welding point). The reason why specifically these two parts where chosen was because there was 
not time enough to simulate large parts with several welding points.  
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Figure 25 Simulation of the prototype, where cycle time, the VA, the NNVA, and the NVA can be gathered 

The simulations enabled the researcher to see if the concept layout worked and test if the robots could 
handle the new placements without crashing into any equipment or not being able to perform required 
movements for the welding. The simulations were also screen recorder and exported for easy 
documentation and use.  

From the simulations, you could also gather the following parameters:  

• The total cycle times  
• The VA, NVA and the NVA (Value-adding activities) 
• The work volume of the robots 

Apart from simulating the cycle time and the time for the value-adding activities, it was also possible 
to plot the work volume that the robots made when operating in the line (figure 27). The work volume 
can show how big the robot movements are in different directions for different parts. By doing that, 
you could see the difference in work volume for the current and concept layout. 

 
Figure 26 Example of a robot welding a part, while the work volume (blue) is being plotted from the top view in Siemens 

Process Designer PLM 
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 Survey and concept rating 
A summarization of relevant parameters related to the goal specifications of the research study was 
summarized in a file, where the quantified difference between the current layout and concept layout 
for Nutcell 10 were documented.  

The survey included the following parameters:  

❖ Production line area (Red rectangle) 
❖ Cycle time simulations 
❖ Value-adding activities of the robots 
❖ Work volume of the robots 
❖ Ergonomics (Inside and outside of the cell) 
❖ Safety aspects 
❖ Overall concept rating  

Twelve relevant employees in VCBC were asked to rate the improvement of the concept layout based 
on their experience and competence, from 1 to 10 where 1 = very bad and 10 = very well. The 
professions of some of the employees were e.g. process engineer, assembly process engineer, 
simulation expert, mechanical engineer, layout & bill of process, equipment engineer, Controls and 
safety, Ergonomics, etc. The main creator of Nutcell 10 was also asked to do this survey. This survey 
aimed to get a quantified assessment of the new concept.  

4.15. Risk analysis (FMEA) of the concept layout 
As a part of the methodology for the concept layout, a risk analysis was made using FMEA (Failure 
modes and effects analysis). The general aim of the risk analysis was to identify the risks of the 
concept layout in an early stage. How sever, how much they occur, how to detect them and what 
impact the risks have on the production line were assessed in the FMEA. The manufacturing processes 
chosen for the concept layout were “Nut welding automatic”, Bolt welding automatic”, “Packing 
labeling” and “Spot welding”. These processes have their standardized FMEA which VCBC uses and 
were chosen for this concept because they were included in the process of the production line. The 
FMEA for these processes can be found in Appendix 25 – 28.  

 

Table 7 The headings of the FMEA matrix [1] 

Process, 
part 

component-
number 

Potential 
Failure 
Mode 

Potential 
Effect(s) of 

Failure 

Severity 

Potential 
Cause 

O
ccurrence 

C
lassification 

Current 
Process 
Controls 

- Prevention 
- Detection 

D
etection 

R
PN

 

          

 
• Process, part component number = As the name suggests. This could a conveyor belt, operator 

or robot 
• Potential Failure mode = The failure that his happening. An example of a mode is when a 

robot misses grabbing an object 
• Potential Effect(s) of Failure = These are the effects of the failure mode. Example: Process 

disturbance 
• Potential Cause = The cause of the failure mode. Example: Operator, sensors, grippers 
• Current Process Controls = Recommended actions to take before the failure has been done or 

after it has been done 
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• RPN (Priority risk number) = A measure that is used when assessing the risks. For each failure 
mode, the calculation for the RPN is Severity * Occurrence * Detection = RPN. 

 Severity  
The criteria for the severity are when a potential failure mode results in a final customer and/or 
manufacturing/assembly defect. The effects are ranked from 1 to 10 where 1 = “none” and 10 = 
“Hazardous without warning”. For a more detailed understanding of the severity rankings and their 
meaning, check “Appendix 30: FMEA Severity” 

 Occurrence 
The occurrence parameter refers to how likely the effects can happen, ranking from 1 to 10 where 1 = 
(<= 0,01 per thousand pieces) “Remote: Failure is unlikely” and 10 = (>=100 per thousand pieces) 
“Very High: Persistent failures”. For a more detailed understanding of the occurrence rankings and 
their meaning, check “Appendix 31: FMEA – Occurrence” 

 Classification 
The classification parameter consists of characteristics that are related to Severity and Occurrence. 
These characteristics are shown in the left column (Table 10). For a more detailed description of the 
characteristics, see “Appendix 33: FMEA – Classification” 

Table 8 A matrix describing the relationship between classification characteristics with the severity and the occurrence in an 
FMEA [1] 

A Critical Characteristic (CC) Severity = 9, 10 Special inspections can be 
necessary 

A Significant Characteristic 
(SG) 

Severity = 5 - 8 and  
Occurrence = 4 - 10 

Special inspections can be 
necessary 

Operator Safety (OS) Severity = 9, 10 Special inspections can be 
necessary 

High Impact (HI) Severity = 5 - 8 and  
Occurrence = 4 - 10 

Special inspections can be 
necessary 

 

 Detection  
The detection parameter in a FMEA enables the researcher to rank how hard it is for the controls 
inside the production line to detect failures. The detection is ranked from 1 to 10 where 1 = (Very 
High) “Controls certain to detect” and 10 = (Almost impossible) “Absolute certainty of non-
detection”. There are also suggested ranges of detection in “Appendix 32: FMEA – Detection” which 
are “Discrepant parts cannot be made because the item has been error proofed by process/product 
design.” for rank 1 and “Cannot detect or is not checked” for rank 10. For a more detailed description 
of the rankings for the detection parameter, check “Appendix 32: FMEA – Detection”  

 FMEA Checklist 
When the FMEA matrix has been finished, it is necessary to ask a process engineer (in this case it was 
Helen Wadström, which is also the creator of the current layout for Nutcell 10). The checklist consists 
of 14 questions, which are e.g. “Is packing included in the FMEA?” or “Have actions been taken to 
discover errors before the following operation?”. The process engineer must either choose “Yes” or 
“No” when doing the checklist. Note that it is not necessary that all questions should be a “yes” 
because the checklist is just a guide for other readers. To read all question in the checklist, check 
“Appendix 29: FMEA – Checklist” 
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5. Result (Contribution)  
5.1. Material flow analysis of the current process 
The general material flow mapping for the current layout in figure 28 was made by observing the most 
frequent operations that the robots are doing. As can be seen in figure 28, the material flow in the 
current layout is going generally as desired, taken into consideration the lean principles and waste 
reduction.  

Zone 1 and 2 are almost identical to each other, but flipped horizontally, which is not odd taken into 
consideration that the layout of the current process is meant to be as symmetrical as possible. To see 
all of the material flow mappings for all parts, check “Appendix 12: Material flow analysis zone 1” for 
the parts that are being produced in zone 1, and “Appendix 13: Material flow analysis zone “ for the 
parts that are being produced in zone 2. 

 
Figure 27 General material flow analysis for the current layout 

5.2. Value stream analysis of the current process 
In figures 29 and 30, you can observe the summary of all value stream data for both zone 1 and 2 for 
the current. To the left of the figures 29 and 30, there are the average data for the VA, NNVA, NVA, 
cycle time, production efficiency and value efficiency. The average values have been plotted in their 
graph to the right side of the figures 29 and 30. 

In the graph, which is located in the middle, all the parts in the inventory have been plotted (both left 
and right -hand). The pattern that can be seen in the graphs, is that NNVA (blue) is almost the same 
for all parts, which is normal because the objects have approximately the same path to travel inside the 
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robot cell. Although the VA, NVA and cycle time tend to be more dynamic, especially for A-Pillar 
Inner Upper in zone 1 since it has more welding points than the other parts.  

In general, the average production efficiency for both zones is almost 100%, which is great because it 
means that the robots are almost not stopping (except for breaks, errors, shifts, etc.). The average value 
efficiency in zone 1 is much higher than the one in zone 2 because the A-Pillar in zone 1 has a much 
higher VA than the other parts, which raises the value efficiency, relative to the distribution in zone 2. 

To see all of the value stream analysis for all parts, check “Appendix 14: Value stream analysis zone 
1” for the parts that are being produced in zone 1, and “Appendix 15: Value stream analysis zone 2“, 
for the parts that are being produced in zone 2. 

 
Figure 28 Value stream analysis graphs for zone 1 for the current layout 
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Figure 29 Value stream analysis graphs for zone 2 for the current layout 

5.3. Problem identification of the current process 
 The most frequent problems  

The problems that lead to at least 1 hour of time lost for the month that was analyzed were the 
following ones:  

❖ Vision Camera problems 

During observations and operations in Nutcell 10, both the researcher and other operators endured 
problems that were surrounding the vision camera. The stand which the visions camera is connected to 
“see Appendix 16: Problem identification – Case VC-1”, is surrounded by light rods, which are not 
covered with any sheet, which means that light sources from other parts of the factory could disturb 
the scanning of the parts that are put on the conveyor. This hypothesis was tested by doing 
experiments in the line, where the researcher and technicians covered the left and right side of the 
stand and preventing undesired light beams to disturb the scanning. The hypothesis was correct.  

❖ Nut/bolt-feeder problems 

Another common problem was with the nut feeders and the bolt feeders for both zones. Although, 
around 90 % of the errors regarding the feeders were in zone 1 when the A-Pillar Inner Upper was 
being welded. This is an expected outcome because A-Pillar has by far the most amount of screws and 
nuts. The problems with the nut feeder are not exactly known due to the lack of monitoring of the 
feeders (the feeders are located at the back of the line and out of eyesight of the operators).  

Common problems with the feeder could have been e.g. that the level of screws could be too low 
without any notice to the operator, which could stop the production line. Another problem was that the 
nut feeders needed constant cleaning of the nut and bolt paths, but since the feeders are relatively far 
away from the operators, it increases the chances of the operators not noticing this problem. These 
problems are not described as “operator problems” because it is not the operator’s problem that the 
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nuts and bolts are getting stuck in the machines (see “Appendix 16: Problem identification – Case MP-
1”), although if the feeders would have been placed closer to the operators, it would drastically 
decrease these problems.  

❖ Operator problems  

Frequent operator problems were most specifically the loading of the parts on the conveyor belt (See 
“Appendix 16: Problem identification – Case OW-2 and VC-2”. Since there are no guides on the 
conveyors, operators could have a hard time placing the part exactly as they should for the camera to 
scan them correctly from above. Since the OIS (Operator Instruction Sheet) has its pictures taken from 
the side perspective, the views can make the parts look farther away or closer than what they are, 
which could lead to misleading and error in the placement by the operator.  

 Infrequent problems (future insights) 
The following problems do not have considerable effects or time losses (in consideration of the 
definition of “frequency” but could be some future insights that can improve the overall production 
line. Notice that no extensive research has been done on these problems, but they are simply problems 
that the researcher has identified by assessing them by objective thinking and using knowledge in 
mechanical engineering. See “Appendix 17: Problems for future research” to have a look at the figures 
for each case that will be described; 

❖ Case MP-3: The sensor poles at the end of the conveyor belts (seen from outside the cell) does 
not have any protection and can easily be moved. Because the sensor does not have any cover, 
it can easily be moved out of direction by the robot’s armor if the robot touches it while lifting 
apart. One more thing that was found strange is that the reflector was so far away from the 
light source and mounted on the wall of the cell.  
 

❖ Case MP-4: The sensor poles are connected to the stand by a rubber/plastic connector. An 
important notice is that the pole of the sensor is connected to the stand by a rubber/plastic 
connector, which is not suitable since it can easily be moved, because of the low friction 
between metal and rubber/plastic. The structure would be much more rigid if you would 
change the connector with a metal material (e.g. stainless steel).  
 

❖ Case MP-5: Sensorpole RefBalluf_1_4 has an uneven distribution of support, which makes it 
unstable and can easily move if touched (Mainly in zone 1. It is not confirmed that this has 
resulted in some disturbance in the line, but since it can move so easily, it is therefore believed 
that it should be fixed. The picture, in this case, is from Zone 1, which is the worst case.  
 

❖ Case MP-6: Festo_Mediapanel_CPL has its water filters in a parallel standardization, which 
makes it hard and annoying for the operators to reach the filter which is closest to the wall. 
This is a standardization, but that does not mean that it can stay like this forever. There seems 
to be space for the filters to be installed in a serial standard and thus making it much easier to 
reach both filters when doing service.  
 

❖ Case VC-3: Natural light sources in the factory. Why haven’t the windows of the factory 
house still not got closed by fabric or sheets? It is aesthetic but does not provide any technical 
purpose. Instead, it increases the chance of disturbing the sensors (especially the vision 
scanner) in the production lines.  
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5.4. Problem quantification of the current process 
 Quantification of errors – Vision camera 

As can be seen in Tables 11 and 12, the vision camera errors are relatively many (261 for zone 1 and 
163 for zone 2 for the same month). The parts that have been documented with the most amount of 
errors in zone 1 is Extension A-Pillar Inner Upper Lh (70,03%) and Top Cover Panel Lh (23,90 %) for 
zone 2. The reason why specifically these two parts are most frequent to errors is that they are most 
frequently run in their corresponding zones, which is statistically logical. The big problem is although 
the time loss, which is converted to a total of 17 650 SEK for both zones for each month, which is by 
far the biggest loss out of the three frequent problems described in section 5.3. 

Table 9 Quantification of the vision camera errors for Zone 1 for the current process 

Objective Value  
Amount of errors 261 Auto coded errors + errors with operator comments (90%+ 

of them are 0,2s-4 minutes each) 
Time Loss 8 hours and 58 minutes 
Cost (1000 SEK/hour) 8 967 SEK 
The parts with the most amount 
of errors 

• 70,03 % - Extension A-Pillar Inner Upper Lh, 
31468476 

• 26,80 % - Extension A-Pillar Inner Upper Rh, 
31468477 

 

Table 10 Quantification of the vision camera errors for Zone 2 for the current process 

Objective Value  
Amount of errors 163 auto-coded errors with operator comments (90%+ of them 

are 0,2s-4 minutes each) 
Time Loss 8 hours and 41 minutes 
Cost (1000 SEK/hour) 8683 SEK 
The parts with the most amount 
of errors 

• 23,90 % - Top Cover Panel Lh, 31463026 
• 19,60 % - D-Pillar Inner Lower Lh, 31484325 

 

 Quantification of errors – Nut/Bolt-feeder 
When it comes to the Nut/bolt-feeder errors, you can observe that the A-Pillar part still has the most 
frequent errors for zone 1, but for zone 2, Sidemember Upper Inner has an error frequency of 84,61 % 
which is the absolute most frequent part with errors by a huge margin. To understand this, you would 
need to see appendix 7 or 8, where the POPS for all parts is shown. According to the POPS, 
Sidemember Upper Inner has three times more nuts/bolts to weld than the Top cover part, therefore, 
the most amount of errors surrounding the nut/bolt-feeder are when Sidemember Upper Inner is being 
produced in the production line.  

The Nut/bolt-feeder wastes are the second biggest out of the three identified problems in the line, with 
a total waste of 14 266 SEK/month, which of course also a significant amount of waste. However, the 
amount of errors related to the nut/bolt-feeder in correlation to the time loss is different when 
compared with the vision camera errors. In tables 13 and 14, you can see that the total amount of 
errors is 102, but the total vision camera errors for both lines are 424 which is around 4 times larger 
than the nut/bolt-feeder errors. This tells that the nut/bolt-feeder errors need more time to be fixed, 
compared with the vision camera errors.  
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Table 11 Quantification of the nut/bolt-feeder errors for Zone 1 for the current process 

Objective Value  
Amount of errors 76 errors with operator comments  
Time Loss 12 hours and 41 minutes 
Cost (1000 SEK/hour) 12 683 SEK 
The parts with the most amount 
of errors 

• 43,42 % - A-Pillar Inner Upper Lh, 31468472  
• 39,47 % - A-Pillar Inner Upper Rh, 31468473  

 

Table 12 Quantification of the nut/bolt-feeder errors for Zone 2 for the current process 

Objective Value  
Amount of errors 26 errors with operator comments  
Time Loss 1 hour and 35 minutes 
Cost (1000 SEK/hour) 1 583 SEK 
The parts with the most amount 
of errors 

• 84,61 % - Sidemember Upper Inner Lh, 31463037 
• 3,85 % - Top Cover Panel Lh, 31463026 

 

 Quantification of errors – Operator errors 
The operator errors have some differences between the other errors. The main difference when it 
comes to the identification and quantification is that the evidence of a specific error related to an 
operator will need to be documented manually by the operators or by the maintenance technicians. 
You could argue that more “hidden” operator errors can’t be proved compared with the nut/bolt-feeder 
and vision camera errors. This results in a total of 11 operator errors for the whole production line. It 
might not sound a lot, but these operator errors result in 8 hours and 30 minutes lost, which is equal to 
8500 SEK/month in wastes.  

The main problem when it comes to operator errors has to do with the loading on the conveyor (see 
comments in tables 15 and 16). Therefore, the solution ideas will mainly be focused on the loading of 
the conveyor.  

Table 13 Quantification of the operator errors for Zone 1 for the current process 

Objective Value  
Amount of errors 5 maintenance errors with comments 
Time Loss 2 hours and 42 minutes 
Cost (1000 SEK/hour) 2 700 SEK 
The errors with their 
specific time  

1. [0,2 h] Operator has loaded an uneven amount of details, 
which made the robot crash on the bunch that was the 
highest [Reinf Striker Rear Seat Lh, 31656757] 

Service: Have moved the robot up and moved the detailed bunch to 
the right by a few centimeters. 

2. [0,5 h] Operator has loaded the details in a wrong order [A-
Pillar Inner Upper Lh, 31468472] 

Service: Drove the robot to the home position 
3. [0,4 h] Operator has broken the guide pin by hitting it with 

a metal tool [A-Pillar Inner Upper Rh, 31468473] 
Service: Replaced the guide pin and nut. 

4. [0,5 h] Operator has loaded in the wrong way [Extension A-
Pillar Inner Upper Rh, 31468477] 

Service: Told the operators to redo the loading 
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5. [1,1 h] The operator has loaded in the wrong way. The 
details were too close to each other. The instruction picture 
was very misleading.  [A-Pillar Inner Upper Lh, 31468472] 

Service: Has instructed the operator 
 

Table 14 Quantification of the operator errors for Zone 2 for the current process 

Objective Value  
Amount of errors 6 maintenance errors with comments 
Time Loss 5 hours and 48 minutes 
Cost (1000 SEK/hour) 5 800 SEK 
The errors with their 
specific time  

1. [1,1 h] The operator has placed the details too close to each 
other in the vertical direction [Top Cover Panel Rear Rh, 
33304986] 

Service: Increased the search area of the laser sensor 
2. [0,5 h] The operator has replacements to wrong electrodes 

[Extension Side Outer Rh, 31462773] 
Service: Demonstrated for the operator  

3. [0,5 h] The operator has loaded the wrong amount of details 
on the conveyor [Extension Side Outer Rh, 31462773] 

Service: Demonstrated for the operator 
4. [1,3 h] The operator has broken the thread in the electrode 

holder while trying to replace electrodes [D-pillar Inner 
Upper Rh, 31462477] 

Service: Had to redo the threading for the electrode holder. 
5. [1,1 h] The operator has placed the double amount of plates 

in the lower electrode [Top Cover Panel Rear Rh, 3146397] 
Service: Had to remove one plate and redo the calibration.     

6. [1,3 h] The operator has while detached and moving 
component while making the electrode replacement 
[Extension Side Outer FR Rh, 31462773]      

Service: Had to strain the attachment back to the machine and redo 
the calibration.  

 

 Total money lost by the most frequent errors  
The total amount of waste for all problems combined for 1 month is the most important parameter to 
consider when recognizing the problems in the lines and how they are solved. The total loss is 
approximately 41 416 SEK/Month. However, it is important to note that the identified problems and 
the quantified waste are all backed by evidence in the form documentations from the production line 
computer and maintenance technicians’ comments. In other words, there might be errors other than the 
ones mentioned but are not backed by any evidence even if they are related to any significant loss in 
the production line (see in the example the problems mentioned in section 5.3.2.). 

• Vision camera errors: 17 650 SEK/Month  
• Nut/bolt-feeder errors: 14 266 SEK/Month  
• Operator errors: 8500 SEK/Month  

Total loss: 40 416 SEK/Month 
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5.5. Concept solution ideas 
 Convergent of Light  

As explained in section “5.3.1. The most frequent problems”, there are lots of errors with the vision 
camera system. From experiments and testing in the production line, it was concluded that the area in 
which the camera is scanning is constantly changing in the amount of light.  

A cheap but simple solution that can be applied is to converge the camera stand with sheets, to make 
the light from the light rods more converged into the scanning area on the conveyor. At the same time, 
this also stops disturbance from other sources of lights in the factory.  

In figure 31, you can see how such a solution could look like in a 3D environment. The sheets could 
out of many different materials, but the most convenient ones are probably plastic or wood because of 
their low price and flexibility. The surface of the sheets should be a bright white color for the best 
ability to reflect light.  

5.5.1.1. Enhancement of Vertical Integration and Automation  
This idea is not necessarily influenced by digitalization or industry 4.0 but is more as a support for 
Vertical Integration (see 3.8.2), because it helps the vision camera to get more solid plotting of the 
scanning area, making the manufacturing process to be more robust. Except for Vertical Integration, it 
also applies to Automation by enhancing the operational assistance of the robot when it picks the car 
parts from the conveyor. In general, the enhancement of both technologies makes the manufacturing 
process less wasteful and become more effective in terms of speed (cycle time).  
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Figure 30 The "Convergent of light"-idea, visualized in a 3D environment in Siemens PLM. The two upper images showcase 

the current stand and the two lower images showcase the convergent. 

 Digitalized conveyor loading 
Another frequent problem is the operator problems which were discussed in the problem 
identification. Most of the operator problems have to do with the loading of the parts. A common 
problem is that the operators are having trouble loading the parts in a way that is standardized enough 
for the vision camera. Apart from the figures in the operator instructor sheets which are taken from a 
perspective view (figure 32), the operators do not have any guides on the conveyors, which makes the 
operation even harder and increases the wastes.  

This idea uses a digitalized solution to tackle the problem by implementing a camera that will emit 
laser lights above the conveyors which plot guidelines along the conveyor in three sections. The laser 
will plot the guidelines based on the part that is being produced in the production line. Different parts 
have different guidelines because of the various dimensions of each part in the production line. These 
guidelines enable the operators to more precisely measure the placement of the part and thus 
decreasing the risk for errors.  
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Figure 31 The” Digitalized conveyor loading”-idea, displaying the current process on the image to the left and the solution 

on the image to the right where the laser guidelines on the conveyor are showcased  

The solution also includes real-time monitoring of the conveyor, so that the operator can see how well 
the parts are placed in real-time (see “Idea” in figure 33). This increases the perfectionism of the 
loading on the conveyor, which reduces operator errors drastically. In the monitor, the operator can 
also check in real-time if the loaded material is in the right place in consideration of the plotted 
guidelines. If the loading is correct, the monitor will light green and have a text that says “Status: Ok” 
and if there is any part that is out of the guidelines, the text in the monitor will light red and have a text 
that says “Status: Not Ok” under the real-time footage of the conveyor (see “Idea” in figure 33).  

To make this idea into reality, communication between the production line computer and the camera 
that will emit the laser lights will need to be implemented so that it matches the production processes. 
No extensive education will need to be invested because, in practice, it is very simplistic and easy to 
understand.   

5.5.2.1. Implementation of Visualization, Internet of Things, Vertical Integration and Big 
Data Analytics  

This solution combines several technologies into one single solution, making it more complex than in 
the example, “Convergent of Light”. Visualization is implemented into this solution because the 
plotting camera must communicate with the line computer by applying data transfer and traceability 
capabilities, to match the plotted guidelines with the relevant part that is being produced at the line. 
Therefore, the result also becomes a visualization for the workers when they are observing the monitor 
as guidance for the loading of the car body parts.  

Visualization of the loading process also enhances the capabilities and flexibility with the robots 
because there will be fewer errors because of the reduction of the indifferences in the scanning area for 
the vision camera. This benefit will make the loading part of the line more independent and robust in 
the future also by analyzing analytical data gathered from the camera monitor so that you could predict 
and forecast failures or problems through machine learning and AI. This data gathering will need to be 
managed systematically by Big Data Analytics and Cloud service.  

This would also allow maintenance engineers to detect patterns and thus getting ideas on the loading 
on the conveyor belt can be improved by changing which pattern the car parts are being loaded in, 
which is the implementation of the Internet of Things for data collection and adaptive manufacturing. 
This would mean that the solution would guide the workers into placing the car parts in a correct 
pattern related to how the vision camera will scan the parts, as well as collecting data for all loading 
operations so that you could identify common loading mistakes and prevent them in the future.  
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Figure 32 The” Digitalized conveyor loading”-idea, displaying the current process on the image to the left and the solution 

on the image to the right where the monitor is showcased 

 Bin kitting  
This idea aims to develop the Bin system by applying kitting into the Bins. By dividing the traditional 
Bins into smaller compartments, you can store different parts into one single Bin. This is suitable for 
production lines with relatively small parts such as Nutcell 10 because it enables you to effectively 
switch parts when necessary, without having to wait for the trucks, which can save a lot of time.  

You could dive the Bin into four, two or any combination, dependently on your inventory, how big 
your parts are and how often you switch parts that you produce. In figure 34, you can see an example 
of how this idea can look like.  

The material for these new types of Bins could be out of wood, for the easiest choice since the current 
Bins are already made from wood. You could modify the current Bins into kitting Bins if you would 
want to save money and time.  

5.5.3.1. Implementation of a smart working process through Flexibility 
The Bin kitting idea implements the Flexibility-technology from Smart Manufacturing and Smart 
Working in a simple way. By making the bins modular, you allow the production to have a more 
varied way of transporting and packing car body components in the factory. This modularity also 
allows for a less wasteful process at the production line because it reduces the time needed for part 
changes since the workers can instantly pick the next part in the program from the same bin. Important 
to notice is that the example of modules in figure 33 is not static but can be dynamic depending on 
which modularity that fits the production the best. In example, if you only need to have modules as the 
example to the right in figure 33, where there are only two slots, then you could change any existing 
bin module into a two-slot module. This allows the factory to utilize all combinations of modules, 
which is very beneficial in Nutcell 10 since there are many different parts with different dimensions.  
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Figure 33 The "Bin kitting" -idea, displaying the current Bin to the left and the kitting Bins to the right. Part X is an arbitrary 

part 

 Automated handling system  
This idea is a big step forward in development, but the technology for it exists today (Machine 
learning). This works by setting a bin-picking camera above the bin with the parts. The camera scans 
the bin and sends geometrical and dimensional data to the industrial robot, which picks up a part that 
has an arbitrary position for gripping. The robot later puts the part on the conveyor and takes the next 
part. See figure 35 for a visualization of the material flow through the current process and the idea. 

The concept of using communication between different equipment in the production line is very 
crucial for this kind of technology. The bin-picking camera will need to scan and send information fast 
enough to the industrial robot to pick up (at least at fast as an operator).   

This idea would automate the packaging, loading and thus almost eliminating the need for an operator. 
It would change the industry and reduce costs more than ever before. However, it is important to 
notice the costs of the robot and the bin picking camera and compare them with the benefits and how 
much the solution can decrease the most frequent problems. These considerations will need to be 
applied for all solution ideas for further development of the ideas (more about this in section 5.5.6.). 

5.5.4.1. Implementation of Remote monitoring, Remote operation, Automation, Vertical 
Integration, and Visualization  

This idea is perhaps the most complex out of all of the solution ideas because it combines several 
elements that are interconnected with each other and influenced by Industry 4.0-technologies. The 
presented solution addresses Automation because the whole loading part contains a robot instead of a 
human which enhances the automation drastically.  

By having the line almost fully automated, you could remotely monetize and operate it by Smart 
Working. This allows the workers to multitask while at the same time having the production line 
running autonomously and effectively. Such strategy enhances not only enhances productivity because 
of the removal of human errors and fatigue, but also the accuracy of the loading in the line.  

The software for this idea collects data and improves its parameters and standards by implementing 
Machine Learning that utilizes Artificial Intelligence and Vertical Integration. This means that the 3D 
area sensor will improve itself over-time, making the job easier for the robot that is collaborating with 
it.  
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Figure 34 The "Automated handling system"-idea, displaying the current system to the left and the innovative idea to the 

right 

 Alternative robots (Analysis) 
The data that was used in the house of quality was achieved from ABB: 

*RP = Position Repeatability 

**RT= Path Repeatability 

*** These are ABB's base prices for just the Robot variants 

What the alternative robots (IRB 4400 and IRB 4600) have in common is that they both have a 
payload of 60 kg; their power consumption is similar, and they are both much faster than they current 
robot in the production line (table 8). When it comes to the price, IRB 4600 is the cheapest by far 
(base price) and the lightest (table 7). However, IRB 4600 has disadvantages such as a bad Path 
Repeatability, which is very important for the accuracy in projection welding. IRB 4400’s 
performance is very similar to IRB 6700’s, but IRB 4600 is more expensive than the current one, but 
not that much. IRB 4400 compensates for that price margin by having the lowest power consumption, 
a small weight, good performance, and high operational speeds. The advantage that the current robot 
has over the alternative ones is the very high payload and wrist torque, but also that VCBC has a 
contract with ABB related to IRB 6700, which reduces the price.  

5.5.5.1. Energy Management by Smart Manufacturing 
Energy management is one of the most crucial parts of a factory because it is directly related to costs. 
The alternative robot presented both have less energy consumption (around 50 % less) than the current 
robot in the line. This is a good way of implementing a machine that can do the same job, for fewer 
costs (and higher speed).  
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Table 15 Technical specifications for all three robots in the robot analysis  

Vertical – Technical specifications 

Horizontal – Robots 

IRB 6700-220 
lean ID 

IRB 4400/60 IRB 
4600/60 

Payload (kg) 220 60 60 

Reach (m) 2,65 1,96 2,05 

Weight (kg) 1205 1040 425 

Power consumption (kW) 2,8 1,33  1,53 

Performance (mm) RP*(0,05), 
RT**(0,1) 

RP (0,06), 
RT(0,09) 

RP(0,06) 

RT(0,46) 

Number of axes 6 6 6 

Wrist torque axis 4 and 5 (Nm) 1324 242 200 

Mounting Floor & inverted Floor Floor & 
shelf & 
inverted & 
tilted 

Base price (kSEK)*** 508,65 566,8 414,8 

Price(kSEK)/Payload(kg) 2,31 9,43 6,91 

 

Table 16 Max speed data for all three robots in the robot analysis 

Vertical – Axis max speed 

Horizontal – Robots 

IRB 6700-220 lean 
ID 

IRB 4400/60 IRB 
4600/60 

Axis 1 (°/s) 100 150 175 

Axis 2 (°/s) 90 120 175 

Axis 3 (°/s) 90 120 175 

Axis 4 (°/s) 170 225 250 

Axis 5 (°/s) 120 250 250 

Axis 6  (°/s) 190 330 360 

Average (°/s) 126,7 199,2 230,8 

 

The robot that “won” the analysis and assessment in the House of Quality was the one that got the 
highest MGRI-Score.  MGRA-Score: Multiplying the scores from the Competitive Analysis with the 
Relative weights for all robots. Example for IRB 6700: 5+13,6 x 5+10,4 .... 

The winning robot out of the two alternative ones was imported into the concept layout in Siemens 
and was simulated for the same parts that the current robot did so that it could be a fair comparison.   
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Figure 35 The House of quality with all parameters and data from the three robots 

5.5.5.2. House of Quality results (MGRI-Scores) 
The MGRI-scores for all three robots are the following;  

• IRB 6700/220: 348,8  
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• IRB 4400/60: 413,6 

• IRB 4600/60: 406,8 

The reason why IRB 6700 has less than half the score compared with the two other robots is that 
IRB6700 is a much slower industrial robot than the other two that were analyzed. The smaller robots 
also did much better in the payload/kg parameter and are having almost half of the energy 
consumption compared with IRB6700. These parameters together made the smaller robots have a 
higher MGRI-score.  

Table 17 Results of the MGRI scores from the house of quality for the 3 different robots in the alternative robot analysis 

 

The robot that will be put to the test in the concept layout will be IRB 4400/60 because it had the 
highest score (413,6).  

5.5.5.3. Simulation of IRB 4400/60  
For zone 1, IRB 4400/60 welded the part Reinforcement Striker Rear Seat LH (2 welding points) with 
a simulation time (cycle time) of 7,1 seconds.  

 
Figure 36 Work volume simulation for IRB 4400 when welding Reinforcement Striker Rear Seat LH (Top view) 
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Figure 37 Work volume simulation for IRB 4400 when welding Reinforcement Striker Rear Seat LH (Side view) 

For zone 2, IRB 4400/60 welded the part Top Cover Panel Rear RH (1 welding point) with a 
simulation time (cycle time) of 3,9 seconds.  

 

 
Figure 38 Work volume simulation for IRB 4400 when welding Top Cover Panel Rear RH (Top view) 

 
Figure 39 Work volume simulation for IRB 4400 when welding Top Cover Panel Rear RH (Top view) 
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 Combinations of the solution ideas 
The solution ideas aim to tackle the most frequent problems. They can be implemented separately, but 
also combined for effective development. You can, for example, combine the ideas “Automated 
Handling System” and “Bin Kitting” (figure 166), where the scanner scans the whole bin but focuses 
only on the kit containing the part that is currently being produced in the production line. By doing 
this combination, the need for an operator will be almost eliminated at the same time making the 
switch of the parts more effective and time saving. These two could also be combined with 
“Digitalized Conveyor Loading”, where the guidelines and monitoring system of this idea supports the 
robot into loading in a correct pattern. It could be seen as an extra filter for a more standardized 
loading on the conveyor. This helps to reduce the errors related to the vision camera.  

Inside the robot cell, we have two ideas integrated, “Alternative Robot” and “Convergent of Light”. 
These ideas can be combined, which will result in reduced cycle time, power consumption and wastes 
related to the vision camera.  

The ideas outside of the robot cell can of course also be implemented with the ideas that are inside of 
the robot cell because they are not necessarily linked to each other, which makes the overall 
implementation of all ideas very exceptional. Although, the presented ideas will need to have some 
more analyses regarding their investments related to the benefits and the wastes of the production line 
as well as some testing and validation before they can be equipped and implemented. However, it is 
also very important to acknowledge the presented technologies and ideas that are influenced by 
industry 4.0 to be able to develop the production line, from being traditional, into being more modern 
and updated with today’s technologies, even if the investment costs are not included in this report.  

 
Figure 166 Examples of how different ideas can be combined  

The assessment survey of the study will also cover the solution ideas that were generated, but in 
certain areas (see areas in 5.10.) considering the goal specifications of the research study. The 
members doing the assessment survey will assess the solution ideas based on how beneficial they 
think that the addressed ideas are (time/costs), how realistic they think the proposed ideas are and what 
relevance they think that the addressed ideas have for the development of Nutcell 10.  
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 Assessment of the presented solution ideas 
The addressed ideas (see 5.5.6) are a result of analyzing technologies in Industry 4.0 and 
implementing them into solutions, considering the problems in the production line that were identified 
in 5.3.1. The presented ideas are the outcome of an assessment based on the following parameters:  

• How and which problem the idea is solving 
• The benefits of the addressed idea (benefits in terms of waste/time/flexibility etc.) 
• Which modularities and modifications can be done for the idea to be more integrated into the 

production line  
• The relation of the proposed idea with technologies from Industry 4.0 and how they are being 

incorporated  

These parameters are the basis for the presented result for the addressed ideas in 5.5.6. By applying 
these parameters as an assessment, you get a more realistic way of developing ideas that can solve 
problems and incorporate technologies at the same time. In other words, the outcome of the ideas is 
also the outcome of the revision and analysis of the technologies from Industry 4.0.  

Some of the ideas are assessed more technically, in the example, the alternative robot solution, which 
has been not only been added into the concept layout of the line but has also been simulated and 
compared with the current robot. This has allowed for a more evident and substantial assessment based 
on the aim and scope.  

Another idea that has been assessed more substantially is the Convergent of Light, where experiments 
have been conducted at the line, showing that converging the light of the vision camera improves the 
scanning significantly. However, there are no data that can be shown as quantification of this 
improvement because there was no equipment available that could test the light intensity. Although, 
this experiment was conducted with technicians and maintenance engineers.    

The Digitalized Conveyor Loading were assessed more practically than theoretically, because it is a 
result of several testing with the loading of the car parts on the conveyor. These tests were also done 
with technicians and maintenance engineers. Their competence was used for the assessment and 
outcome assessment of the idea.  

5.6. Concept solution layout  
 2D Layout - Autodesk AutoCAD 

A masked version of the concept solution layout can be observed in figure 40. The final layout 
solution is supposed to accomplish some of the goal objectives mentioned in section 1.5.1., but also 
tackle the most frequent problems (For example the nut/bolt-feeder problem). By doing this strategy, 
the development of the production line becomes more result-orientated because it enhances the ability 
to tackle frequent problems while improving various parameters and implementing modern 
technologies at the same time.  

The concept contains all of the standards and equipment that is currently being used in the production 
line. This was made so that no action or crucial part of the process could be missing in the concept 
layout. The concept layout also contains two zones that are separate from each other, making a path in 
the middle where equipment such as nut feeders are placed. The number of welding points for all parts 
is within the research study or relevant to the goal specifications and aim of the research.  
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Figure 40 The concept layout solution, visualized in Autodesk AutoCAD. Note that the fully detailed layout can be found in 

“Appendix 20: Concept layout & prototype”.   

 Material flow analysis of the concept layout  
The material flow analysis of the concept layout (figure 41) is similar to the current layouts. The main 
difference is that the material flow is more compact and compressed in the concept layout compared 
with the current layout. This is mainly thanks to the replacement of the conveyors, but also the whole 
reengineering of the robot cell. By making the material flow more compacted, you also manage to 
reduce potential non-value adding activities, which is also the outcome of this strategy and will be 
analyzed further in the result section.   

What’s also noticeable from figure 41is that the materials are still going back and forth in the 
production line. Sketches presenting a straight production line were made but were not further 
developed since they made the production line too long and exceeding production line limitations. If 
the production line would have been placed in a different place in the factory, it would have been 
possible to make a production line where the materials do not “go back” as they are doing now for the 
current and concept layout.  
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Figure 41 The Material flow analysis for the final concept layout 

 3D Prototype - Siemens Visualization Mockup 
Check “Appendix 20: Concept layout & Prototype” to see the prototype of the final layout solution. 
Note that the prototype cannot be shown here because of Volvo's data security regulations.  

The prototype is built in Siemens PLM and shows how the production line would look like if 
implemented. All standard components and equipment that are available in the AutoCAD layout for 
the concept are also built in Siemens software. By analyzing the prototype, you can observe clearances 
and dimensions in the z-axis, as a complement to check the availability of the space needed for the 
maintenance of the equipment. This was done when validating, for example, the ergonomic and safety 
regulations.  

The prototype could also be used for simulations and testings of different layout configurations. This 
made it possible to identify which design was the most fitting and had the best results.   
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5.7. A detailed comparison between the current process and the 
Concept solution  

 Comparison of the current and concept layouts for zone 1 
See “Appendix 21: Difference and benefits with the concept Zone 1” for all figures and measurements 
that were done for the comparison in zone 1 

5.7.1.1. Activity value – placement of the machines 
The placement of the welding machines inside the line is very important because it can affect the value 
stream, handling time and value-adding activities. Therefore, the measurement from the conveyor and 
to the welding machines was done approximately. 

• 77,4 % utilization (38400 nuts/week), 30624314, UT5 
• 22,6 % utilization (11200 bolts/week), 30624616, M6  

By taking the utilization rates for the weld machines into consideration, the welding machine for UT5 
has been placed closest to the conveyors so that we can get as little non-value adding activities 
(NNVA) as possible.  

• Current handling distance from conveyor input → UT5 → conveyor output: 3338 + 2384 = 
5722 mm 

• Concept handling distance from conveyor input → UT5 → conveyor output 1715 + 2330 = 
4045 mm 

Decrease by 1677 mm or 29,3 %  

Since UT5 is being utilized with 77,4 %, the cycle time for zone 1 would decrease significantly!  

5.7.1.2. Ergonomics – walking distance analysis 
In table 18, you can see an overview of all the walking routes that were measured for both layouts. As 
you can observe, the concept layout has fewer walking distances in all the walking routes compared 
with the current concept. The difference interval in percentage is from -3,1 % to 83,7 %, but you 
should also consider the frequency of the walking routes to have a more analytical and realistic 
assessment. The frequency rates for all walking routes are presented in the following; 

Frequency data (hours) for 1 month (Gathered from HMI) 

A: Gate 1: 0,5 h (0,1 %) 

B: Gate 2: 22 h (5,2%) 

C: Production: 385 h (90,5 %) 

D: Nut: 13 h (3 %) 

E: Part change: 5 h (1,2 %) 

Total: 425 h (100 %) 

*Step = 0,7 m 

Table 18 Walking distance analysis for comparison of the current layout and concept layout for zone 1 

Walking routes Current 
layout 
(mm) 

Concept 
layout 
(mm) 

Difference 
(mm) 

Difference 
(steps*) 

Difference 
(%) 

Frequency  
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Input conv. → 
Gate2 

6766 5590 1176 1,68 -17,4 B 

Input conv. → Nut 
feeder 

12 504 2945 9559 13,7 -76,4 D 

Input conv. → desk 8303 8046 257 0,4 -3,1 E 

Output conv. → 
Gate2 

15 507 12 260  3247 4,64 -21 B 

Output conv. → 
Gate1 

11 311 1840 9471 13,5 -83,7 A 

Output conv. → 
desk 

4252 1145 3107 4,4 -73,1 E 

Input Output 8064 6901 1163 1,6 -14,4 C 

Transmission: Input 
 Output 

8066 4826 3240 4,6 -40,2 C 

Total 74 773 43 553 31 220 44,6 41,7 
 

 

The absolute most frequent walking routes are by the “Production (C)” with a frequency as high as 
90,5 %. These routes have a decrease of 14,4 % and 40,2 %. 

5.7.1.3. Safety and ergonomics – Inside the robot cell 
As can be seen in figure 43, there is a clear difference when it comes to amount of space inside the 
robot cell In the current concept the maintenance and the operators have as little as 429 mm of free 
space between the robot and the conveyor input, which is not according to the safety regulations 
(should be at least 500 mm) that were mentioned in the methodology. These small spaces can be found 
4 times in the current layout and they are all behind the robot, where there is not any emergency door, 
which increases the risks in case of any fire or other accident in the robot cell. Another safety breach is 
that the current layout has a cable channel going in the middle of the robot cell and between the 
welding machines (which is the most frequent area of the robot cell), which is also a significant safety 
and ergonomic breach. 

These problems are not existent in the concept layout since there is a clear path flow of at least 500mm 
surrounding the whole robot cell. There is a cable channel, but it is located behind the robot, near the 
grippers (the fewest frequency area in the robot cell), which does not do any significant ergonomic or 
safety breach since the operators and the technicians can walk freely when e.g. changing electrodes 
which are the most frequent action inside the robot cell.  
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Figure 42 Comparison between the current layout (left) and the concept layout (right) of the safety and ergonomics inside the 

robot cell for zone 1 

5.7.1.4. Safety and ergonomics – Outside the robot cell 
Outside the robot cell in zone 1, there is not any significant difference when it comes to safety and 
ergonomics. Both layouts have wide operator paths (at least 500 mm wide) and at least 1000 mm free 
space for the electrical boxes.  

 
Figure 43 Comparison between the current layout (left) and the concept layout (right) of the safety and ergonomics outside 
the robot cell for zone 1 
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5.7.1.5. Visibility of the Nut feeders 
• Except that the walking distance to the nut feeders in zone 1 is much less (see table 18) for the 

operators, the visibility is also better (see figure 45), especially for the nut feeder that feeds the 
30624314, UT5. Compared with the current layout, where all nut feeders are behind the robot 
cell and are invisible for the operators. 

• By having good visibility and a walking decrease of around 76,4 %, the operators will be more 
able to check several nuts in the nut feeders, and thus reducing the nut/bolt feeder errors. 

 
Figure 44 The visibility of the most frequent (77,4 % frequency) nut feeder in the concept layout for zone 1 

5.7.1.6. Placement of the gates 
• Another benefit is the placement of Gate 1. In the current layout (see “appendix 20: Concept 

layout & prototype), you can see that this gate is placed in the side of the robot cell, which 
makes it far away (see table 18) from the walking routes that the operators take, which makes 
its existence less significant. 

• In the concept version though, it is placed near the output conveyor in zone 1, which makes it 
more likely to be used for an efficient and short walking route. 

5.7.1.7. Layout area 
• Current area for zone 1: 90,4 m2 (7310x12335 mm) 
• Concept area for zone 1: 69,5 m2 (5741x12110 mm) 

Decrease by 20,9 m2 or 23,1 % 

5.7.1.8. Simulation of the cycle time - Siemens Process Designer 
See “32. Appendix Concept simulation Zone 1”  

• Current Cycle Time for Reinforcement Striker: 17,38 seconds 

As can be seen on the work volume (figure 46) for the simulation for Reinforcement Striker, the robot 
is turning around 180 degrees for each cycle, but in the concept simulation for the same part (figure 
47), the work volume is decreased by almost 50 % by observing both work volumes from the top 
view.  
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By effectively placing the conveyor input and output next to each other, the non-value adding 
activities are decreased as well as the movements that the robot needs to take. This, in turn, leads to a 
drastic decrease in cycle time.  

 
Figure 45 Top view of the simulation cycle for Reinforcement Striker in zone 1 for the current layout 

• Concept Cycle Time for Reinforcement Striker: 13,3 seconds (the 2,5 seconds that it takes for 
the welding machine to weld 1 nut have been added) 

 
Figure 46 Top view of the simulation cycle for Reinforcement Striker in zone 1 for the concept layout 
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Decrease by 4,08 seconds or 23,5 % 

When comparing the concept robot simulation with the alternative robot (IRB 4400/60), IRB 4400 
welded the part Reinforcement Striker Rear Seat LH with a simulation time (cycle time) of 12,1 
seconds (the 2,5 seconds that it takes for the welding machine to weld 1 nut have been added), there is 
a decrease of cycle time for IRB 4400 by 1,2 second (9,0 %) 

When comparing the current robot simulation with the alternative robot (IRB 4400/60) for the same 
part, there is a decrease of cycle time for IRB 4400 by 5,38 seconds (30,4 %) 

 Comparison of the current and concept layouts for zone 2 
See “Appendix 21: Difference and benefits with the concept Zone 2” for all detailed figures and 
measurements that were done for the comparison in zone 2 

5.7.2.1. Activity value – placement of the machines 
The same principle as in zone 1, the strategy to place the welding machines were based on how 
frequent each one of them was. By considering this information, the welding machine for UT6 and 
HP6 has been placed closest to the conveyors so that we can get as little non-value adding activities 
(NNVA) as possible.   

• 75 % utilization (14 400 nuts/week), 30624315, UT6 and 976000, HP6.  
• 16,6 % utilization (3200 nuts/week), 976001, HP8  
• 8,3 % utilization (1600 bolts/week), 30624616, M6  

For zone 2, the most utilized machine is the one that is welding UT6 and HP6 with a utilization rate of 
75%.  

• Current handling distance from conveyor input → UT6/HP6 → conveyor output: 2235 + 3473 
= 5708 mm 

• Concept handling distance from conveyor input → UT6/HP6 → conveyor output: 1394 + 
1827 = 3221 mm 

Decrease by 2487 mm or 43,6 %  

• Since UT6 and HP6 are being utilized with 75 %, the cycle time for zone 2 would decrease 
significantly!  

5.7.2.2. Ergonomics – walking distance analysis 
Even for zone 2, you can observe that the concept layout has a decrease in walking distance in all the 
walking routes that were measured in the analyses. You can also observe that the values for zone 1 and 
2 are relatively similar, which is because the layouts both the current and the concept versions are 
almost symmetrical.   

Table 19 Walking distance analysis for comparison of the current layout and concept layout for zone 2 

Walking routes Current 
layout 
(mm) 

Concept 
layout 
(mm) 

Difference 
(mm) 

Difference 
(steps*) 

Difference 
(%) 

Frequency 
(%) 

Input conv. → 
Gate1 

15 066  6291 8775 12,5 - 58,2 A 

Input conv. → 
Nut feeder 

18 666  4218 14 448 20,6 - 77,4 D 
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Input conv. → 
desk 

9664 8175 1489 2,1 - 15,4 E 

Output conv. → 
Gate1 

18 624  13 322 5302 7,6 - 28,5 A 

Output conv. → 
Gate2 

 6790  1991 4799 6,8 - 70,7 B 

Output conv. → 
desk 

1802 1144 545 0,8 -30,2 E 

Input Output 8010 7468 542 0,8 -6,8 C 

Transmission: 
Input  Output 

7904 4317 3587 5,1 -45,4 C 

Total 86 526 46 926 39 600 56,6 - 45,8 
 

 

5.7.2.3. Safety and ergonomics – Inside the robot cell 
Same as in zone 1, there are more than 4 different safety and ergonomic breaches in the current layout 
(behind the robot), which can be dangerous in a case where there is an operator or technician behind 
the robot and the robot cell starts going by accident. In the concept layout, you have a free path of 500 
mm surrounding the robot cell and have easy access to all equipment inside the cell.  

 
Figure 47 Comparison between the current layout (left) and the concept layout (right) of the safety and ergonomics inside the 

robot cell for zone 2 

5.7.2.4. Safety and ergonomics – Outside the robot cell 
When it comes to the safety and ergonomic aspects outside the robot cell, it is also very similar to zone 
2. Overall, the safety standards are not significantly different in any way. Both layouts fulfill the safety 
regulations for this case.  
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Figure 48 Comparison between the current layout (left) and the concept layout (right) of the safety and ergonomics outside 

the robot cell for zone 2 

5.7.2.5. Visibility of the Nut feeders 
The visibility of the most frequent nut feeders is very important to check the number of nuts/bolts 
effectively. In the current layout, the most frequent the nut feeders are at the back of the robot cell, 
which makes them invisible for the operator, but in the concept layout, they are only about 2 meters 
far away (see table 19 for walking distances) and offers an easy look for the operator. 

 
Figure 49 The visibility of the most frequent (75 % and 16,6 frequency) nut feeders in the current layout (left) and the 
concept layout (right) for zone 2 
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• Except that the walking distance to the nut feeders in zone 2 is much less for the operators, the 
visibility is also better, especially for the nut feeder that feeds the 30624315, UT6 and 976000, 
HP6.  

• By having good visibility and a walking decrease of around 77,4 %, the operators will be more 
motivated to check several nuts in the nut feeders, and thus reducing stops. 

5.7.2.6. Placement of the gates 
See “31. Appendix Difference and benefits with the concept Zone 2”  

• Another benefit is the placement of the second gate (Gate2). In the current layout, you can see 
that the second gate is placed on the side, which makes it far away from the walking routes 
that the operators take, which makes its existence less significant. 

• In the concept version though, it is placed near the output conveyor in zone 2, which makes it 
more likely to be used.  

5.7.2.7. Layout area 
• Current area for zone 2: 97,1 m2 (7895x12335 mm) 
• Concept area for zone 2: 75,4 m2 (6250x12092 mm) 

Decrease by 21,7 m2 or 22,3 % 

5.7.2.8. Simulation - Siemens Process Designer 
See “33. Appendix Concept simulation Zone 2”  

• Current Cycle Time for Top Cover Panel: 12,4 seconds 

 
Figure 50 Top view of the simulation cycle for Top Cover Panel in zone 2 for the current layout 

• Concept Cycle Time for Top Cover Panel: 7,7 seconds (the 2,5 seconds that it takes for the 
welding machine to weld 1 nut have been added) 
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Figure 51 Top view of the simulation cycle for Top Cover Panel in zone 2 for the concept layout 

Decrease by 4,64 seconds or 37,5 % 

When comparing the concept robot simulation with the alternative robot simulation, IRB 4400/60 
welded the part Top Cover Panel Rear RH (1 welding point) with a simulation time (cycle time) of 6,4 
seconds the 2,5 seconds that it takes for the welding machine to weld 1 nut have been added), there is 
a decrease of cycle time for IRB 4400 by 1,3 second (16,9 %) 

When comparing the current robot simulation with the alternative robot simulation, IRB 4400/60 for 
the same part, there is a decrease of 6 seconds (48,4 %). 

5.8. Risk Analysis (FMEA) 
The biggest difference when it comes to risks between the current process and the concept process 
(combined with all mentioned solutions) is the occurrence of the operator problems, the nut feeder 
problems, and the vision camera problems. The processes with the highest RPN are related to 
mechanical problems with the vacuum and sensors that the robots are equipped with and are not a part 
of the research considering the duration of the research study and the complexity of their design. 
However, from the maintenance documentation that was gathered for the production line, the sensor 
and vacuum problems are not presented as frequent and substantial problems of the production line, 
even if their severity can go up to 8.  

Table 20 Risk analysis (FMEA) of the conceptual layout of the contribution 

Process, 
part 

component-
number 

Potential 
Failure 
Mode 

Potential 
Effect(s) of 

Failure 

Severity 

Potential 
Cause 

O
ccurrence 

C
lassification 

Current 
Process 
Controls 

- 
Prevention 
- Detection 

D
etection 

R
PN

 

Operator 
loads parts 

Wrong 
loaded 

Process 
disturbance 1 Operator 2   Operator 

instructions 1 2 



91 
 

on a 
conveyor 
belt 

(OIS and 
WES) 

      1   2   

Robot 
Grippers 
designed to 
pick parts 
rotated ± 
20 degrees 

1 2 

  Wrong 
amount 

Process 
disturbance 1 Operator 2   

Operator 
instructions 
(OIS and 
WES) 

1 2 

      1   2   

Forgiving 
processes 
allowing 
±1 part 
from the 
"nominal" 
amount of 
parts. Time 
for 
searching 
should be 
optimized 

1 2 

  Wrong 
product 

Process 
disturbance 1 Operator 2   

Operator 
instructions 
(OIS and 
WES) 

1 2 

Conveyor 
belt feeds 
the parts 
into the line 

Conveyor 
belt never 
starts 

Process 
disturbance 1 

Sensors on a 
conveyor 
belt out of 
positions 

1   

Mechanical 
protection 
of the 
sensors. 
Use one 
sensor with 
a wide 
range 

1 1 

  
Parts fall 
from the end 
of the belt 

Process 
disturbance, 
part 
deformed 

5 
Sensors on a 
conveyor 
belt 

1   

The sensor 
at the end 
of the 
conveyor 
belt 
checked by 
the PLC 

1 5 

  
Parts stopped 
in the wrong 
position 

Process 
disturbance 1 

Sensors on a 
conveyor 
belt out of 
positions 

1   

Mechanical 
protection 
of the 
sensors. 
Use one 
sensor with 
a wide 
range 

1 1 
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Robot 
guided by 
vision 
camera 
picks part 
from the 
conveyor 
belt 

Robot misses 
picking part 

Process 
disturbance 1 

Sensors on a 
conveyor 
belt out of 
positions 

1   

Mechanical 
protection 
of the 
sensors. 
Use one 
sensor with 
a wide 
range 

1 1 

      1 

End of 
conveyor 
belt out of 
position, 
been sunk 

2   
Reinforced 
conveyor 
belts 

1 2 

      1 

Parts loaded 
in wrong 
positions, 
e.a. rotated 

5   

Operator 
instructions 
(OIS and 
WES) 

1 5 

      1   5   

Robot 
Grippers 
designed to 
pick parts 
rotated ± 
20 degrees 

1 5 

      1 
Wrong 
amount of 
parts 

6   

Operator 
instructions 
(OIS and 
WES) 

1 6 

      1   6   

Forgiving 
processes 
allowing 
±1 part 
from the 
"nominal" 
amount of 
parts. Time 
for 
searching 
should be 
optimized 

1 6 

    

Collision 
with 
equipment 
in the cell 
e.g. 
conveyor 
belt or 
vision 
camera 
stand 

8 

Singularity 
problems 
between the 
axes on the 
robot 

1   

Consider 
this during 
the design 
phase of 
the 
grippers 

1 8 

      1 
Camera VS 
Robot wrong 
Calibrated 

1   

Calibration 
program 
and tooling 
inline 

1 1 
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      1 Camera VS 
Robot 1   

Different 
times of 
exposure 
for 
different 
parts 

1 1 

  

The robot 
picks wrong, 
stops while 
picking 

Process 
disturbance 1 

Griper - 
suction cups 
contaminated 

2   

Operator 
instructions 
(OIS and 
WES) 

2 4 

      1   2   

The 
vacuum 
should be 
checked by 
the Robot 
before 
picking 
part. 
Message 
on Robot 
pendant. 

1 2 

      1 
Gripper - 
suction cups 
defect 

2   

Operator 
instructions 
(OIS and 
WES) 

2 4 

      1   2   

The 
vacuum 
should be 
checked by 
the Robot 
before 
picking 
part. 
Message 
on Robot 
pendant. 

1 2 

    Part 
deformed 8 

Camera VS 
Robot wrong 
Calibrated 

1   

Calibration 
program 
and tooling 
inline 

1 8 

      8 Camera VS 
Robot 2   

Different 
times of 
exposure 
for 
different 
parts 

1 16 

Robots 
weld nuts 
in machine 

See sheet 
"nut welding 
aut" 

              0 

The robot 
handles the 
part to or 
from nut 

Parts out of 
position in 
the gripper 

Process 
disturbance 1 Gripper 2   

Mechanical 
insurance 
in gripper 
and sensors 
in 

3 6 



94 
 

weld 
machine 

strategical 
positions 

    Part 
deformed 8 Gripper 2   

Mechanical 
insurance 
in gripper 
and sensors 
in 
strategical 
positions 

2 32 

  Robot drops 
part in line 

Process 
disturbance 5 Gripper 2   

PLC and 
Robot 
programs 
look at the 
sensors in 
the gripper 
several 
times 
during the 
process 

2 20 

    Part 
deformed 8 Gripper 2   

PLC and 
Robot 
programs 
look at the 
sensors in 
the gripper 
several 
times 
during the 
process 

2 32 

  Robot picks 
wrong 

Process 
disturbance 1 

Gripper - 
suction cups 
contaminated 

2   

The 
vacuum 
should be 
checked by 
the Robot 
before 
picking 
part. 
Message 
on Robot 
pendant. 

2 4 

    Part 
deformed 8 

Gripper - 
suction cups 
contaminated 

2   

The 
vacuum 
should be 
checked by 
the Robot 
before 
picking 
part. 
Message 
on Robot 
pendant. 

2 32 
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  Robot picks 
wrong 

Process 
disturbance 1 

Gripper - 
suction cups 
defect 

2   

The 
vacuum 
should be 
checked by 
the Robot 
before 
picking 
part. 
Message 
on Robot 
pendant. 

2 4 

    Part 
deformed 8 

Gripper - 
suction cups 
defect 

2   

The 
vacuum 
should be 
checked by 
the Robot 
before 
picking 
part. 
Message 
on Robot 
pendant. 

2 32 

Nut feeder  

Loaded with 
the wrong 
type of nuts 
With/Without 
Thread 

Process 
disturbance   

Nut feeder- 
wrong type 
of nut 

    

All nuts are 
checked by 
a vision 
camera 

  0 

Robot 
leaves 
finished 
parts on the 
conveyor 
belt, and it 
feeds the 
finished 
parts out of 
the line 

Robot stacks 
too many 
finished parts 
on each other 

Delivery 
part 
deformed 

8 Conveyor 
belt 1   

Sensors in 
both ends 
of the 
conveyor 
belt should 
be checked 
by the PLC 

1 8 

  
Finished 
parts fall on 
the floor 

Delivery 
part 
deformed 

5 Conveyor 
belt 1   

Sensors in 
both ends 
of the 
conveyor 
belt should 
be checked 
by the PLC 

1 5 

 

5.9. Validation of goal specifications  
All of the goal objectives are accomplished, where result definitions are presented to the right in table 
21. All of the results for all solutions are taken into consideration, together with the concept layout, to 
meet the goals and contribute to the development of the production line. Some of the results are 
assumptions, for example, nr 6 “Reduction of frequent and systematic defects in the line [Time and 
SEK]”. It is not validated that all solutions presented will eliminate all wastes of the frequent 
problems, but in theory, you could have that as a rough assumption. As stated in section 5.5.6, the 
solution ideas need more development before you can see the benefits with arbitrary technical 
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evidence. However, the methodology and the analyses of the solution ideas are part of the contribution 
of the research study because they present ways to develop traditional processes into modern ones, 
with more integrated digitalization. 

Typical results of objectives that are validated to be beneficial are for example the cycle time, work 
area, walking distance for operators, non-value adding activities, alternative robot, safety, and 
ergonomics. Some of these reach the goal by a relatively small margin, for example, the reduction of 
the total work area, and some by a relatively big margin, for example, the reduction of the cycle time. 
It is important to notice that how much a certain objective is achieved is not the only aspect to analyze 
when validating the results, but also how important each of the objectives are (relative weight).  

Table 21 validation of the goal specifications that were set in the early stage of the research with the results generated from 
the contribution 

 Objective Unit Goal Relative 
Weight 

(%) 

Result 

1 Reduction of the 
cycle time 

Seconds - 20 % 11,4 -23,5 % to -
37,4 % 

2 Reduction of the 
total work area 

M^2 - 20 % 10,2 -21,5 % 

3 Reduction of the 
walking distance that 

the operators take 

(Steps) % -20 % 9,0 -7,5 % to to -47,0 % 
(90 % frequency) 

4 Reduction of the 
non-value adding 

activities 

(Seconds) 
% 

- 20 % 11,4 -27,3 % to 32,2 % 

5 Reduction of the 
number of operators 

Operator Unspecified 
[As much as 

possible] 

9,0 1 (Automated handling 
system-idea) 

6 Reduction of 
frequent and 

systematic defects in 
the line [Time and 

SEK] 

Hours & 
minutes 
(SEK) 

Unspecified 
[As much as 

possible] 

10,2 (40,4 hours) 40 416 
SEK/Month 

7 Generate alternative 
solutions to various 

logistics, in 

Unspecified [As much as 
possible] 

7,9 Automated handling 
system 

& Bin kitting 

9 Generate alternative 
solutions to the 
current robots 

Unspecified [As much as 
possible] 

7,9 IRB 4400/60 

10 Maintain or improve 
the safety of the line 

(both outside and 
inside of the robot 

cell) 

Unspecified [As much as 
possible] 

11,4 Improved safety 
according to SS-EN 
ISO 14122-2:2016 
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11 Maintain or improve 
the ergonomics for 
the operators (both 

outside and inside of 
the cell) 

Unspecified [As much as 
possible] 

11,4 Improved ergonomics 
according to SS-EN 
ISO 14122-2:2016 

 

5.10. Assessment Survey 
The interval of the average value from the assessment survey (table 22) is 7,5 – 8,3. It above 75 % of 
the max value, which is seen as a relatively good grade. The area that got the highest average value 
tuned out to be “D” = Work volume of the robots (8,3 in average value), which is reasonable since the 
volume that the robots use in the concept solution is around 50 % less than the volume that the robots 
use in the current process. Other areas with great grading are “B” and “C”, which stands for the cycle 
time and the value-adding activities. The cycle time and the non-value adding activities are two of the 
key parameters that manufacturers all around the world want to reduce, especially in VCBC, therefore, 
it is also reasonable that the benefits presented are a good improvement.  

You could argue that area “J”, or “Overall” is the most important area that has been assessed because 
it is a combination of all areas. The average value for the Overall assessment is 8, which is 
exceptional, taken into consideration all the limitations and regulations that the researcher had to take 
in regard.  

The following areas were presented in a file where a comparison of the current and the concept layout 
was made: 

• A = Production Line Total Area 
• B = Cycle Time 
• C = Value-Adding Activities 
• D = Work Volume of the Robots 
• E = Ergonomics (Outside the cells) 
• F = Ergonomics (Inside the cell) Zone 1 
• G = Ergonomics (Inside the cell) Zone 2 
• H = Safety Zone 1 
• I = Safety Zone 1 
• J = Overall 

Table 22 Assessment results from the survey which employees with relevant professions graded from 1 – 10 for each area of 
improvement, where 1 = very bad and 10 = very good. “-“ is for when the person decides to not assess a specific 
subject/area.  

Profession A B C D E F G H I J 

Assembly 
Process 
Engineer 
[Org. layout 
creator of 
Nutcell 10] 

8 7 8 9 8 8 8 8 8 8 

Senior 
Process 
Engineer 

7 9 8 8 7 8 8 7 7 8 

Assembly 
Process 
Engineer 

7 8 8 -  7 7 7 7 7 8 



98 
 

Assembly 
Process 
Engineer 

8 9 8 9 8 8 8 8 8 8 

Equipment 
Engineer 
(Controls & 
Safety & 
Ergonomics) 

7 7 8 - 8 7 7 8 8 8 

Assembly 
Equipment 
Engineer 
(Control 
System) 
[Manager] 

8 9 8 9 7 9 8 8 8 8 

Simulation 
Expert 

7 7 8 7 7 8 7 7 8 7 

Mechanical 
Engineer 

8 8 8 8 7 8 8 8 8 8 

Assembly 
Production 
Engineer 

7 9 8 8 7 8 8 7 7 8 

Assembly 
Maintenance 
Engineer 

8 9 9 9 9 8 8 9 9 9 

Team leader 8 8 9 8 9 8 8 8 8 8 

Layout & Bill 
of Process 

7 8 8 8 7 7 7 8 8 8 

AVERAGE 
VALUE 7,5 8,2 8,2 8,3 7,6 7,8 7,7 7,8 7,8 8 
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6. Discussion 
6.1. The implementation of lean manufacturing with digitalization 

and industry 4.0 
The implementation of lean manufacturing together with modern digitalization technologies has been 
beneficial in terms of problems solving traditional problems that the standard lean theories have not 
been able to accomplish. The implementation was made possible by effective reflection upon the 
challenges with lean in section “3.6”. An example was the productivity aspect in section 3.6, which 
was tackled by implementing the ideas that were generated in the research study (section 5.5). More 
specifically, the Digitalized conveyor loading, Bin kitting and the Convergent of Light. Because of the 
low price and high effectivity of these innovative ideas, you don’t lose excessive time and money, 
relative to if you would design the ideas only by implementing traditional lean theories.  

The Automated handling system idea is beneficial not only because it almost eliminates one operator 
at the production line, but also because it eliminates the traditional and old way of packing and loading 
into a conveyor. By implementing this idea, you also eliminate some of the problems regarding ethics 
and morals (section 3.7.1.) with traditional lean manufacturing.  

In general, the addressed ideas utilize technologies in Industry 4.0 in a broad way, especially in Smart 
Working, Smart Manufacturing and Smart Technologies. Some of the main Front-end technologies 
used are the implementation of Vertical Integration, Visualization, Automation, Energy Management 
etc., which are exceptional for the development of Nutcell 10. The use of digitalization (seen 
especially in the Automated Handling System and Digitalized Conveyor Loading ideas) in these ideas 
enhances the ability to work more precise and flexible by the help of the base technologies.  

6.2. Contribution of the research study 
The overall contribution of the research study is not only the concept solution ideas (section 5.5) or the 
new concept layout solution (section 5.6) but also the way of implementing digitalization and 
technologies from industry 4.0 to further develop a traditional production line into a modern process. 
This can benefit companies around the world by them analyzing the methodology of the ideation in 
this research study and observe how problem-solving has been done for Nutcell 10. By combining 
already tested theories in lean manufacturing with new modern thinking, has also resulted in the 
elimination of the challenges with lean, at the same time while reaching all goal objectives in section 
1.5.1. By successfully reaching all goals that were set for the research study and presenting new 
innovative ideas for not only VCBC but for production lines in general (especially Car manufacturers), 
the contribution has seemed to serve its purpose.  

By reflecting on the hypotheses of the study (section 1.5.3.), it is concluded that the statements of the 
hypotheses were true, which is a great benefit for the contribution of the research. Hypothesis 1 was 
written in a relatively wide and extensive way because it was supposed to cover the overall benefits of 
the described strategies in the Question-Method-Matrix (section 4.4). Hypothesis 2 was more specific 
and directed on the goal parameters (section 1.5) to further dig deep into the aims of the research 
study.  

6.3. The environmental impacts 
There are some environmental benefits with the presented solutions, in which a specific benefit is the 
reduction of trucks needed for the production line due to the implementation of the Bin kitting idea. 
The bin kitting allows the operator to switch the parts that are being produced in the production line 
without having to call the truck drivers and change the whole bin. This leads to less driving for the 
trucks, which in turn results in less need for electricity.  
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Another environmental benefit is the implementation of the alternative robot IRB 4400, which has 
around 50 % less power consumption than the current robots in the production line. According to the 
technical data that was received from ABB (section 4.8.4) and the simulations conducted on Siemens 
Process Designer, IRB 4400 was also 9,0 % to 16,9 % faster than the current robot. The improvement 
in speed and power consumption is a remarkable benefit for VCBC, taken into consideration the 
VCBCs (and most of the car manufacturers) traditional strategy of investing around 98 % [1] of the 
purchase plan on one single model of the robot.  

6.4. Potential sources of error in the research study 
Potential sources of errors in the conducted research study are e.g. the clocking of the cycle times. As 
mentioned in the methodology, approximately 10 rounds of clocking were taken for each part, which 
might sound like a relatively good plan to have the true cycle time of the robots. But the human 
reaction time is not as good as a computer’s, so there might be some small errors when the clocking of 
the cycle times was done in Real-life, however, these errors are so small that they would not have 
made any significant impact on the results or contribution of the research study. 
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7. Conclusion  
7.1. General 
It is known that theories in lean manufacturing help improve a process in a system by implementing 
various principles for the employees, managers and the overall work environment. These 
improvements include e.g. a process that is organized, structured, uses standardizations, prevents 
problems from occurring, uses lights, colors, and sound to warn for danger or communicate, reduce 
wastes and costs, etc. VCBC has been using theories in lean manufacturing for decades, although there 
are challenges with lean manufacturing. Some of these challenges are the costs that it takes to 
implement those theories and that it is complex to keep up with the digitalization and industry 4.0 to 
keep being a global and leading supplier of products. This has come to be the problem definition for 
the research study, where the research question is the following; “How should projection welded 
features be applied in a process for a production line to obtain the best quality and most effective work 
process by renovating the traditional manufacturing process and reducing waste and costs?”   

By using tools such as the Material Flow analysis and Value stream mapping in connection with 
observations at the site to identify problems of the production line, a broad understanding of the 
problems concerning the goal specifications were achieved. This strategy enabled the researcher into 
generating ideas and concepts that were influenced by digitalization and industry 4.0, to develop the 
traditional process. All goal objectives of the research study were achieved and assessed by VCBC 
employees with relevant professions. These objectives were e.g. reduction of the cycle time, reduction 
of production line area, reduction of non-value adding activities, reduction of frequent and systematic 
errors, improvement of ergonomics, etc.  

The contribution of the research study is (except for the solutions generated) the methodological 
approach of combining principles of lean into innovative technologies that can develop the industry.   

7.2. Future work 
The solutions in section 5.5 can be developed in more advanced ways by doing more research into 
how they can be directly implemented into VCBC today. This would require more research on how 
they would be manufactured, which company they will be delivered from, the benefits in quantified 
data and how much you would save in costs by implementing them. Prototypes, simulations, risk 
analyzes, and validations would also be required for this research.  

Another future work could be to do more simulations on the concept layout that was generated. It 
could be beneficial to simulate all parts for both zones and increase the number of testing. This would 
generate more data and give a more validated result for the concept layout.   
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Appendices 
 

[Appendix is hidden because of intellectual property rights belonging to Volvo Cars Body 
Components] 
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