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EXECUTIVE SUMMARY 

This Master thesis is within the area of innovative production. The 
authors are Master students at Mälardalen University in the field of 
production and process development. The purpose of the thesis is to 
design a production development process and to apply it in the case 
study performed at ABB AB Control Products in Västerås, Sweden. The 
new production concept developed is needed due to several changes in 
production of large size contactors that will take place during 2012; a 
new product size will be introduced, a new design of current products 
will be implemented, and production capacity for future increasing 
demands must be investigated. 
The approach to generate the production concept has been based on 
theoretical methods and models with focus on the lean philosophy.  
Through the theoretical framework a process for production 
development has been designed with the stages; Planning and 
Preparation, Current State Analyze, Concept Generation, Concept Analyze and 
Selection, and Visualization of Concept. The outcome of the thesis project is 
a mapping and disturbance analyze of current production, and a new 
production concept with an automation solution and a new balancing of 
the production line included. Finally the new production concept has 
been visualized in a 3D-simulation model.  
The main differences of the new production concept compared to 
current production is that conveyors are used as transportation system 
through the entire production process and two parallel flows is used in 
the production line in aim to shorten the lead time.  
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DICTIONARY 

Process: Sequence of interdependent and linked procedures which, at 
every stage, consume one or more resources to convert inputs (data, 
material, parts, etc.) into outputs. These outputs then serve as inputs for 
the next stage until a known goal or end result is reached.  
 
Logistics: The planning, execution and control of supply, movement and 
positioning of personnel, material and other resources in order to 
achieve the objectives of a plan or strategy etc. 
 
Resources: An economic or productive factor required to accomplish an 
activity (employee time, energy, machines, money, etc). 
 
Value-added work: Activities that generates output that is considered 
more valuable by its internal and/or external customers than the inputs 
consumed in producing it. 
 
Non value-added work: Activities that generates zero or negative return on 
the investment of resources. 
 
Push-system: Manufacturing system in which production is based on a 
projected production plan and where information flows from 
management to the market; the same direction as the materials flow.  
 

http://www.businessdictionary.com/definition/procedure.html
http://www.businessdictionary.com/definition/stage.html
http://www.businessdictionary.com/definition/resource.html
http://www.businessdictionary.com/definition/data.html
http://www.businessdictionary.com/definition/material.html
http://www.businessdictionary.com/definition/part.html
http://www.businessdictionary.com/definition/output.html
http://www.businessdictionary.com/definition/goal.html
http://www.businessdictionary.com/definition/end-result.html
http://www.businessdictionary.com/definition/employee.html
http://www.businessdictionary.com/definition/energy.html
http://www.businessdictionary.com/definition/machine.html
http://www.businessdictionary.com/definition/money.html
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Pull-system: Manufacturing system in which production is based on 
actual daily demand (sales), and where information flows from market 
to management in a direction opposite to traditional (push) systems. 
 
Value chain: Interlinked value-adding activities that convert inputs into 
outputs which, in turn, help to create competitive advantage. 
 
Lead time: Number of minutes, hours, or days that must be allowed for 
the completion of an operation or process. 
 
Cycle time: The period required to complete one cycle of an operation; or 
to complete a function, job, or task from start to finish. 
 
Kanban: A material requirement planning technique developed by 
Toyota Corporation in which work-centers signal when they wish to 
withdraw parts from feeding operations or the supply bins. 
 
One-piece flow: Is the method of production in which operators or 
machines work on single units and pass them along to the next process 
when requested. 
 
 

 

  

http://www.businessdictionary.com/definition/manufacturing-system.html
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1.  INTRODUCTION 

This chapter introduces the background, the aim and the delimitations of the 
project.  

1.1  Background 
The interest for production questions has lately increased both 
nationally and internationally. The reason is the industrial structure 
change that can be seen in the western countries due to the rising 
competition from the low-cost countries. When many companies move 
their production abroad, production is not just a question for individual 
companies, but a social issue. 
To stay competitive in today’s industry it is necessary to understand 
how production system can be designed and deployed in aim to enable 
competitive industrial production. Thus the need of production 
development and such processes increases to create effective production 
processes and develop production capacity. 
Many companies turn to lean manufacturing and continuous 
improvements in order to stay competitive. Lean manufacturing is a 
philosophy to create more value for less work. It is an operational 
strategy oriented toward achieving the shortest possible cycle time by 
eliminating waste. It is derived from the Toyota Production System and 
its key thrust is to increase the value-added work by eliminating waste 
and reducing incidental work. 
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1.2  Problem Statement 
One of the companies that are focusing on production development is 
ABB Control Products. During year 2012, several changes will be 
introduced at the department PCAF that will affect the production of the 
large size contactors.  
 

 A new product size will be introduced; AF2650. 

 A new design of the products AF1350-2050 and GAF1650-2050 
will be implemented. 

 Production capacity of the product type GAF, which was 
introduced in 2011, must be able to meet possible increased 
demand. 

 
These changes demand a new design of a production concept that 
achieves a more effective production process with high quality. 

1.3  Aim of Project 
The purpose of the thesis is to design a production development process 
and to apply it in the case study performed at ABB Control Products in 
Västerås, Sweden. The aim of the case study is to generate a new 
production concept within ABB Control Products for the large size 
contactors (models GAF1650-2050 and AF1350-2650), due to the new 
product (AF2650) and the changed design of present products that is 
going to be implemented. The approach to generate the production 
concept will be based on theoretical methods and models, and the result 
will be a conceptual production concept.  

1.3.1 Research Questions 

To generate a new production concept; a production development 
process need to be followed. A theoretical framework will therefore 
focus on production development process; methods, models, and tools.  
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Thus the theory chapter will cover the questions;  
 

- How can a general production development process be designed in 
purpose to achieve a more efficient production? 

- Which tools and models can be used? 

1.4  Project Directives 
ABB Control Products requires a conceptual production concept that can 
be used as a basis for development and implementation of the concept. 
Factors that need to be considered are: 
 

 Production Capacity 

 Ergonomics 

 Quality demands 

 Available floor space 

 Material handling 

 Levelling of production flow 

 Flexibility 

 Economic aspect 

1.5  Project Delimitations 
The solution will be presented as a conceptual production concept for 
the department PCAF at ABB Control Products regarding the products: 
 

 GAF1650 

 GAF2050 

 AF1350 

 AF1650(T) 

 AF2050 

 AF2650 
 
The concept will include the production flow regarding these products, 
from input of material in the first assembly step until the products enter 
the test cell. The production concept will not include the material flow 
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neither any detailed technical solutions, i.e. it will result in a pre-study 
for a potential implementation.  
The project is limited to 30 credits and will be performed during one 
semester. 

1.6  Company Description 
ABB is one of the world’s leading engineering companies in power 
technology and industrial automation. In Sweden, ABB are located in 
more than 30 regions and has approximately 8 700 employees. ABB is 
divided into several divisions. ABB Control Products is within the Low 
Voltage Products division, which is developing, producing, and 
marketing products and solutions that controls and direct electrical 
energy for voltage up to 1000 V. Safety products and solutions for 
machinery are also developed.  
ABB Control Products is located in Västerås, Sweden, and has the main 
responsibility regarding contactors, soft starters, and pilot devices. The 
customers are located worldwide and are in the sectors of original 
equipment manufacturer (OEM), wholesalers, industry, distribution, 
and consultants. There are approximately 300 employees at the local 
business unit ABB Control Products in Västerås. 

 1.6.1 Product Description 

A contactor connects, conducts and switches current. ABB’s contactors 
can manage up to 1000 V AC and DC. Figure 1 shows the product family 
of contactors produced at ABB. Applications for contactors are areas 
where resistive loads, distribution and isolation are needed, for example 

Figure 1: Contactors of different sizes produced at ABB 

Control Products. 



5 

in power supply, wind and solar power. It can also be used for 
switching, inching and jogging motors. The two product types that are 
investigated in this thesis are GAF, which is switching DC and AF, 
which switches AC. Appendix 1 shows which components a contactor 
consists of in general. In appendix 2 the dimension of the product 
models AF1350-2050 and GAF2650-2050 can be seen, and appendix 3 
shows the dimensions for AF2650. 

 

  



6 

 

2.  METHODOLOGY 

There are several scientific methods that can be applied when performing a 
thesis. In this chapter the method chosen to be used in this case will be explained 
and motivated. 

2.1  Approach 
Aware choices and use of research methods are important in order to 
achieve scientific results [Ejvegård, 2007]. The method chosen in this 
project works as general rules for how a scientific research should be 
performed [Hartman, 2004]. 
 
The thesis project will include a theoretical study based on the lean 
philosophy that acts as a framework for the process used in the 
empirical part; tools and methods. Thus through the theoretical part a 
production development process has been designed with different 
process stages that will result in a new production concept.  
In order to reach a suitable result for this project, an adjusted strategy 
based upon a combination of different strategies has been developed. 
The strategy developed and followed in this project is a combination of 
three models; DMAIC, PDSA-cycle, and guidelines for layout 
development, those will be further presented in the theory chapter.  
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The developed strategy for a production development process resulted 
in a five-stage process and can be seen in figure 2.  

 
Figure 2: The developed five-stage strategy designed and followed in the project. 

1. Planning and Preparation - a project plan is developed and 
background facts for different methodologies and systems are 
gathered. 

2. Current State Analyze - data collection and analysis of the process 
as it works today is performed. 

3. Concept Generation - concepts are generated to establish different 
possible solutions.  

4. Concept Analyze and Selection - the concepts are analyzed and 
compared to each other and the best option is selected. 

5. Visualization of Concept - the selected concept is further developed 
and visualized. 

2.1.1 Qualitative Study 

Qualitative and quantitative studies are two ways to investigate areas. A 
quantitative study should be made measurable and the result presented 
numerically whilst qualitative studies consider aspects not possible to 
measure or weigh [Andersen, 1994; Hartman, 2004]. In this thesis 
essentially qualitative studies are used as a basis for investigations.  
 
A qualitative study investigates things that cannot be measured or 
weighed. The aspect is that every phenomenon consists of unique 
combination of qualities or properties and therefore cannot be classified 
numerically [Andersen, 1994]. It characterizes of the aim to reach an 
understanding of the behaviour and surrounding of an individual or 
group of subjects; the way they interact with their environment and the 
way they see themselves [Hartman, 2004]. The investigation object shall 

Planning & 
Preparation 

Current 
State 

Analyze 

Concept 
Generation 

Concept 
Analyze & 
Selection 

Visualization 
of Concept 
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be perceived as a subject and the investigator participates in a two-way 
communication [Andersen, 1994]. 
Qualitative studies are not a standardized working method and it exist a 
spectrum of varieties of methods to use. It is also usual within science to 
design and apply own varieties and interpretations of qualitative 
methods. There is therefore rarely a simple procedure or routine to 
apply when a qualitative study is going to be performed [Patel & 
Davidson, 2003].  
Qualitative studies in this thesis were used to collect information in 
purpose to grasp deep knowledge and understanding of the subject. 
This thesis is qualitative through repeated observations in the 
production process and trough discussions with employees at ABB 
Control Products.  

2.1.2 Case Study 

Studies where phenomenons are investigated in detail are called case 
studies. It can be studies of programmes, a certain situation, persons or a 
group of people, an institution, or a social unit [Merriam, 1994]. 
Performing a case study means following or being a part of an event. 
There are no specific restrictions for what methods to be used for 
collecting and analyzing the information; case studies includes several 
data collection methods, depending on what kind of research 
perspective the study has [Merriam, 1994; Olsson & Sörensen, 2007]. 
Case studies help to get insights in unexpected circumstances that have 
been unclear or misunderstood [Olsson & Sörensen, 2007]. 
The case study in this project focused on the production cell for large 
sized contactors, which has been studied and explained in detail. A case 
study was performed to get the information and insight needed to be 
able to generate dependable and suitable concepts. 

2.2  Data- and Information Collection 
The collection of data and information is performed through different 
qualitative collection methods that are divided into primary and 
secondary data; literature and case study, observations, interviews and 
documentation collection. 
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2.2.1 Literature Study 

Literature studies are a common method used in thesis works and other 
investigations. Literature studies must cover background, purpose, 
frame of questions, and collection methods etc. The literature used is an 
information source, which means it must differ from the collected 
literature for the study [Olsson & Sörensen, 2007]. To find the most 
relevant information for the subject the best way is to start with the 
general information within the subject and later on look into the 
specified literature sources, from the latest published to older sources; 
books, scientific articles and journals [Andersen, 1994]. 
The literature study in this project is focused on the subject of this thesis, 
collected from books, journals, and scientific articles.  

2.2.2 Observations 

Observations can be both qualitative and quantitative and are 
performed direct, indirect or through participation. The goal with 
observation is to gather knowledge regarding behaviour and 
happenings in reality or in laboratory situations where certain 
behaviours and reactions are tested [Hartman, 2004].  
Direct observation is everything that can be seen around the observer; 
TV and video recording of testing subjects is also a direct observation. 
When measured values are read from measure devices it is classified as 
indirect observations. Participating observation is studies that should be 
done unnoticed and without warning to achieve a valid result. The 
observer’s role is significant for the validity of the investigations, and 
field notes should be taken meanwhile. Observations can also be 
structured and unstructured. Structured observation has a well 
performed frame, that indicates which situations and behaviours will be 
observed, for example hypothesis testing. Unstructured observations are 
made in order to exploration purposes to collect as much information as 
possible in a certain problem area [Hartman, 2004; Olsson & Sörensen, 
2007]. 
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Three important questions are to be asked before starting an 
observation, no matter what observation type is used [Olsson & 
Sörensen, 2007]; 
 

- What shall be observed? 
- How will the observation be registered? 
- How shall the observer relate to the observation occasion?  

 
Observations performed in this project are both direct and indirect. The 
direct observations performed to generate facts and analysis of the 
production process includes; physically studies in the production 
process and video studies. The manually performed studies were done 
through time studies in each processing step, repeated five times for 
each workstation, with different operators. The video study analysing 
program used is AviX Method, in purpose to clarify possible wastes and 
ergonomic problems to be able to eliminate them and improve the 
process. The video analyze was performed in the entire production 
process, and then analyzed in the program and compared to the 
manually collected time studies. Figures have also been collected 
through indirect observations from data bases etc. Unstructured 
observations have been performed in the production when studying the 
processes, behaviours, and ergonomics. 

2.2.3 Interviews 

Interviews are done through questions in order to gather information 
from the interviewed person’s point of view. There are usually three 
types of dialogues in an interview; logical conceptual discussions, 
emotional personal discussion, and empirical discussion regarding the 
everyday world. It is important to be sure of the purpose and the 
problem statement before starting with investigating by interviews. 
Standardized interviews are interviews that are not changed depending 
on who is interviewed, and the questions are asked in the same order 
and the same way. Interviews are also divided into different rate of 
structuring; high structured interviews are structured in a way so the 
questions are understood in a similar way of every respondent, while 
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low structured interviews are more open for the interviewed person to 
interpret the questions because of language barriers, experiences, values, 
wishes, and so on [Hartman, 2004; Olsson & Sörensen, 2007].  
Interviews and discussions with employees at ABB Control Products 
have been a central part to gather information for this thesis. Discussions 
during meetings and everyday discussions have involved employees 
with different positions within the company; production managing, 
production engineering, production planning, quality control, product 
engineering, marketing, and operators. Regularly meetings has been a 
basis for a great deal of the information, approximately hold at least 
once every week, and with a duration between 1-1.5 hours every 
opportunity. 

2.2.4 Documentation 

Secondary data is already existing information; process/register data or 
information collected by other researchers [Olsson & Sörensen, 2007].  
Information from the company’s data base and intranet has been used to 
collect secondary data; current production rate and figures from the 
business plan for future demands etc. 

2.3  Idea Generation 
There are different idea generation methods that can be used to generate 
different ideas and solutions. In this thesis brainstorming and 
benchmarking has been used. 

2.3.1 Brainstorming 

Brainstorming is one of the most common idea generation methods in 
group creativity. The process steps for idea generation in brainstorming 
are based upon four rules [VanGundy, 1984]: 
 

1. Criticism is prohibited 
2. Freewheeling is desirable 
3. Quantity is pursued 
4. Combinations and improvement are sought 
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The method is performed through discussions among a group. The most 
critical rule that must be followed to make brainstorming a successful 
tool is the first one; to be open for all ideas without judging. There are 
many advantages of brainstorming when the rules are followed; many 
ideas are generated in a short period of time, it provides experience for 
the participants, and it generates social interaction needs.  On the other 
hand, verbal interactions and conflicts between members in the group 
can decrease the creativity in the entire group. Some of the 
disadvantageous that can appear in brainstorming is that culture or 
status differences can be a habit for freewheeling, and in some cases 
working face-to-face can create pressure for some members. Another 
risk that sometimes comes with cohesiveness is “groupthink” which 
decreases the range of ideas [VanGrundy, 1984]. 
 
Brainstorming was applied in the concept generation to create as many 
concepts as possible. The brainstorming was performed by the authors 
of this thesis, and also together with supervisors and employees at ABB 
Control Products. The duration of the brainstorming sessions varied 
between 0.5-1.5 hours, taking place five times. 

2.3.2 Benchmarking 

Benchmarking is a popular tool for self-evaluation and self-
improvement in industry and commerce. The process involves analysing 
performance, practices, and processes within and between organizations 
and industries, in purpose to obtain information for self-improvement. 
Learning from others and adapting the best practises is a distinctive 
feature of the benchmarking process [Jackson & Lund, 2000]. 
At the simplest level benchmarking can be seen as a strategy for 
enabling people to think outside the boxes they normally inhabit. But it 
can also be viewed as a learning process where those involved in the 
process learn to compare their service/activities/products in order to 
identify their comparative strengths and weaknesses as a basis for self-
improvement. It offers a way of identifying better ways of doing things 
and understanding of why they are better. These insight can be used to 
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implement changes that will improve the own performance [Jackson & 
Lund, 2000]. 
Benchmarking of two other production departments at ABB Control 
Products has been used as inspiration for this thesis.  

2.4  Reliability and Validity  
To reach reliability and validity some aspects of the techniques used 
must be considered. Measurements, parameters, measurement 
instruments, tests and investigation methods must be reliable and valid 
to be useful and appropriate. If these demands are not met, the research 
result has no scientific value [Ejvegård, 2007]. 
Reliability indicates the dependability and the usability of a 
measurement instrument and unit of measure. Validity refers to if the 
researcher measured what was supposed to be measured [Ejvegård, 
2007]. 

2.4.1 References 

To have dependable references is an important factor of the reliability 
and validity of a research. It is then important to be able to distinguish 
which references are trustworthy or not. Factors to consider when 
choosing references are [Merriam, 1994]: 
 

 The authority of the author of the source; has the author made an 
extensive empirical work or introduced innovative theories 
which in turn given rise to new research? 

 The year when the source was written; use the latest published 
research. 

 The relevance of the source; is the source’s research closed 
connected to the own topic? 

 The quality of the source; has the source a thoughtful analyze, 
well planned research, and an original way to consider the topic? 

 
Suitable sources for articles and journals were found by searching at 
google scholar and selecting published articles and journals in the same 
research area supported by many references and with preferable publish 
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dates to avoid obsolete information. References were also found and 
gathered in already published work in the same research area as this 
thesis. Educational literature has also been a foundation for the literature 
study. The reference system followed in this thesis is the Harvard 
system. 

2.4.2 Result 

Validity and reliability of the results will aim to be fulfilled by designing 
the production concepts based on the theoretical and empirical 
framework, in combination with meeting the given directives; 
production capacity, ergonomics, quality demands, available floor 
space, material handling, levelling of production flow, flexibility, and 
economy aspect.  
 
Established analyzing tools like value stream mapping and a fish-bone 
diagram have been designed to find problem areas. Also, standardized 
times given from the AviX Method program has increased the validity 
and reliability of the time study. All results has been discussed, 
analyzed, and tested together with ABB.  
Continuous meetings with staff and supervisors at ABB Control 
Products and Mälardalen University will help to ensure the reliability 
and validity of the result. The reliability of the theoretical background 
will be assured through choosing authorized and recognized sources. 
This increases the possibility to reach a realistic and dependable result.  
The authors of the thesis project have been working on the thesis at ABB 
Control Products the entire project, which has resulted in increased 
information through everyday discussions, access to ABB’s intranet and 
admittance to meetings interesting for the thesis. 
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3. THEORY 

In this chapter the theoretical framework is presented. It is focused on the lean 
philosophy’s theory of production development processes and the methods, 
models and tools that it includes. This part is the basis for the production 
development process. 

3.1 Strategies and methodologies 
There are many different strategies that can be used for a production 
development process. In this section three different strategies will be 
explained; DMAIC, PDSA and Bengt Andreasson’s guidelines for layout 
development. These three strategies are all focusing on lean perspectives 
in different ways; continuous improvements, decreased variation in 
production, advantageous flows etc.  
The chosen strategy, which is a combination of these three strategies, 
designed for this specific project is explained in the method chapter. 

3.1.1 DMAIC 

DMAIC (define, measure, analyze, improve, control) is a five-step 
procedure for improvement work in the Six Sigma system. The goal 
with Six Sigma is to decrease variation in production. Variation creates 
the main cost and reason for unsatisfied customers and by decreasing 
this, improved delivery assurances and better exchanges between 
processes can be achieved [Krajewski, Ritzman & Malhotra, 2010; 
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Bergman & Klefsjö, 2001]. There are five steps in the DMAIC model 
[Krajewski, Ritzman & Malhotra, 2010]: 

 
1. Define - the characteristics in the end-product that can be critical 

to customer satisfaction are defined. Gaps between the process 
and those characteristics are identified. Flowcharts and process 
charts are documented to get an understanding of the process. 

2. Measure - the work in the process that affects the gap is 
quantified. Selections of what to measure is decided, depending 
on the defined gaps. Data sources are identified and a plan to 
collect data is prepared. 

3. Analyze – a process analysis based on the collected data is 
performed. Pareto charts, scatter diagrams, and cause- and 
affect- diagrams are examples of tools that can be used to 
determine where improvements are needed.  

4. Improve – to meet the new performance objectives, the existing 
methods needed are changed and implemented. 

5. Control – the process is monitored to guarantee that high 
performance levels are maintained. Again, data analysis tools are 
used to control the process. 

 
The DMAIC procedure can be applied to projects in order to improve 
processes or projects that need major changes; a redesign of an existing 
process or development of a new process [Krajewski, Ritzman & 
Malhotra, 2010]. 

3.1.2 PDSA-Cycle 

The PDSA-cycle is a well known model for problem solving, see figure 
3. The model lies at heart of the continuous improvement philosophy 
and focus on the aspects of processes that do not add value to the service 
or product. The idea of the PDSA-cycle is to reduce or eliminate 
activities that do not add value. It contains the steps [Krajewski, Ritzman 
& Malhotra, 2010]: 
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1. Plan – a process is selected, goals are set, and methods to fulfill 
the goals are discussed. A plan is developed when the pros and 
cons of the different methods have been evaluated. 

2. Do – the plan is implemented and data are collected continuously 
to measure the improvements in the process. 

3. Study – the collected data is analyzed to find out how closely the 
results correspond to the goals set in the plan step. If significant 
deviations exist, the plan is either reevaluated or the project is 
stopped. 

4. Act – if the result is positive the revised process becomes a 
standard procedure for others to use. 

3.1.3 Guidelines for Layout Development 

There is often no standardized method to use when developing a new 
layout. The appropriate method is to work step-by-step. A ten step 
model to use at all layout development follows [Andreasson, 1997]: 
 

1. Set up Goals – what shall be achieved with the new layout is 
defined. 

2. Current State – the current situation is verified; how it looks like 
and how it is done today. 

Plan 

Do Study 

Act 

Figure 3: The PDSA-cycle (Krajewski et al., 2010). 
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3. Resources Need – resources needed that must be included in the 
new layout is determined. 

4. Space Need – all resources demands certain space. The space 
needed for the resources are settled. 

5. Mapping Relations – relations between resources is mapped in 
aim to know how they should be placed relative to each other. 

6. Grade Relations – grading of the resource relations are performed 
to see which relations are the most important and need to be 
prioritized. 

7. Outline Layout – from the compilation in previous step, the 
different resources and functions are placed on the drawing. 

8. Analyze – the outline layout is analyzed; the pros and cons of the 
suggestion are discussed. 

9. Alternative – the adjustment of the outline that emerged in the 
previous step is made and different alternatives of the layout are 
developed. Then the most optimal alternative is chosen. 

10. Detail Plan – the chosen layout is developed in detail. 

3.2 Production System 
The function of a production system can be described as transformation 
of input to output. The input can be seen as raw material and the output 
can be a component or a finished product. To be able to transform the 
raw material to a component or finished product, technology, humans, 
energy, and information is all needed and organized in the best way 
possible.  
Production is the process where products or services are created 
through combinations of material, labor, and capital. There is a distinct 
connection between production of products and services. Since 
consumption is the superior driving force for all production, all 
produced products must in some way be distributed for consumption. 
Thus is production in most cases uninteresting if it is not combined with 
products and services.  
The term production system is often synonymously with manufacturing 
system and mounting system. Other terms used are line, factory and 
workshop.  
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A production system contains of a number of different elements that all 
are relative to each other. The most common elements that use to be 
mentioned are facilities, humans, machines, and equipment. Also 
software and procedures is often mentioned as system elements 
[Bellgran & Säfström, 2005].  

3.3  Lean Philosophy 
Lean production is a philosophy that focuses on eliminating all non 
value-adding activities in the value chain to achieve effective 
production. Non value-adding activities could be unnecessary 
transports and movements, waiting time, over-production, storage and 
defects [Bellgran & Säfsten, 2005]. Lean production is defined as a five-
step process; define customer value and the value stream, make the 
stream flow, use a pull-system based on the customers demand, and 
strive for excellence [Liker, 2004]. Lean production was founded in 
Toyotas’ production system; the Toyota Production System (TPS) in the 
late 80’s and has been applied by several companies in the world 
[Bellgran & Säfsten, 2005].  
 
Figure 4 shows the terms for the Toyota Way. The foundation of the TPS 
is to understand the philosophy; it is about making long-term decisions, 
even at the expense of short-term financial costs. The process section 
includes processes like; eliminating waste, creating continuous flow, use 
pull-system instead of push-system to avoid overproduction, 
standardize the work, use visual control to clarify problems, and use 
only reliable tested technology. People and partners section are focusing 
on the importance of respect, challenge and to develop and help your 
people and suppliers the companies people and teams, and also the 
importance of growing leaders who live the philosophy. The top of the 
pyramid covers the part of continuous improvement and learning 
procedures [Liker, 2004]. 
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Figure 3: The ”4 P” model of the Toyota Way (Liker, 2004). 

3.3.1 Go and See for Yourself (Genchi Genbutsu) 

One of the principles of the Toyota Production System is “Genchi 
Genbutsu”, which means to go and see for yourself to thoroughly 
understand the situation. Then problems can be solved and processes 
improved by going to the source and personally observing and verifying 
data rather than theorizing on the basis of what other people or the 
computer data tells. 
The first step of any problem-solving process is grasping the actual 
situation, which requires “going to the actual place”. Within the lean 
philosophy, creative thinking and innovation is promoted and expected. 
But it should be grounded in thoroughly understanding of all aspects of 
the actual situation, and to not take anything for granted and grasp 
firsthand knowledge. Though barely letting engineers and managers 
observe the floor to understand the situation will accomplish little, 
unless they have the skill to analyze and understand the current 
situation [Liker, 2004]. 
 

 

Problem  
Solving 

People and Partners 

Process 

Philosophy  
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3.3.2 Just-in-time 

The just-in-time (JIT) system is a set of principles, tools, and techniques 
that are founded of the JIT philosophy; it reduces waste by eliminating 
unnecessary capacity or inventory. It is a pull-system that increases 
companies’ ability to deliver the right items in the right amount at the 
right time. The eight most common waste activities that are being 
investigated are [Liker, 2004; Krajewski, Ritzman & Malhotra, 2010]:  
 

- Overproduction: items manufactured before needed might create 
inventory and excessive lead times. 

- Inappropriate Processing: use of unnecessary expensive equipment 
with higher precision than needed increases the expenses. 

- Waiting: wasteful time when the products is not being processed 
or moved. 

- Transportation: unnecessary movement and material handling of 
products between processes. 

- Motion: unnecessary effort for employees regarding ergonomics. 
- Inventory: excess inventory can hide problems on the shop floor, 

consumes space, increases lead times, and can inhibit 
communication. 

- Defects: rework and scrap is a costly effect of quality defects. 
- Underutilization of Employees: lack of taking care of the employees’ 

creativity and knowledge results in hinder long-term efforts to 
eliminate waste. 

 
JIT enables higher delivery precision, which is an important aspect for 
customers’; it increases the flexibility, lower wastages and fewer the 
rejects. All of this result in less capital tied-up [Lindstedt & Burenius, 
2006]. 

3.3.3 Visual Control 

Visual control is any communication device used in work environment, 
to help people determine immediately whether they are in a standard 
condition or deviating from it. The information can show where items 
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belong, how many items belong there, what the standard procedure is 
for doing something, the status of work in process, and other types of 
information critical to the flow of work activities. Visual control can be 
referred to the design of just-in-time information of all types to ensure 
fast and proper execution of operations and processes. It is just not 
about capturing deviations from a goal on charts and graphs, the visual 
control means being able to look at a process, a piece of equipment, 
inventory, information, or at worker performing a job and immediately 
see if the standard being used to perform the task or not [Liker, 2004]. 

3.3.4 Standardization 

According to principle 6 in the Toyota Production System, 
standardization is the basis for continuous improvement and quality. A 
process must be standardized and stable before it can be improved. 
Without standardizing the process it varies a lot and an improvement 
will just be one more variance which tend to be ignored and forgotten 
[Liker, 2004]. 
Standardizing components and work methods facilitates firms to 
achieve high-productivity and low-inventory that are important aspects 
in a lean system. Productivity increases when workers have 
standardized tasks and work methods that are repeated and well 
learned [Krajewski, Ritzman & Malhotra, 2010]. Standardized work 
builds in quality because defects are being reduced by standardization. 
When a defect is discovered, the source for the problem is detected to 
figure out whether the standardized work was followed, or if 
modifications in the standardization is needed [Liker, 2004]. 

3.3.5 Level out the Workload 

Heijunka is the Japanese word for levelling the production by both 
volume and product mix; products are built on statistics and patterns, 
over a certain period of time, depending on how often and what 
products customers are ordering. Levelling out the production means 
that the quantity produced is relatively constant all the time. When the 
process is rather even, it is possible to apply pull-systems and to balance 
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the line. Front-loading or postponements of shipments are some of the 
manners to level out the workload. Production control or production 
management people are responsible for controlling and planning the 
production to make it even. There are four benefits achieved with 
levelling the production [Liker, 2004]: 
 

1. The possibility to produce the product that the customers want, 
when they want it increases the flexibility. 

2. The risk for unsold goods is decreased when products are 
produced after statistics of customers’ orders.  

3. The use of resources is more balanced. 
4. The demand on upstream processes and the plants’ suppliers is 

smoothened. 
 
The four main reasons for avoiding unlevelled production are [Liker, 
2004]:  
 

1. Difficulty of predicting when customers want to buy. 
2. Risk of unsold goods when products are produced after orders. 
3. Unbalanced use of resources. 
4. Upstream processes are uneven. 

 
Because of the product mix, setup time for changeover increases in 
levelled production compared to unlevelled production. An efficient 
setup time for changeover is needed to maintain high productivity. 
Without levelling the production, wastes increases for both people and 
equipment because they have to work hard and then stop and wait 
[Liker, 2004]. 

3.3.6 Lean Ergonomics 

Good ergonomics of processes is essential for any manufacturer. 
Ergonomics treats the conditions for humans in work. It can be 
everything from physical load of mechanical force and moment impact 
on the human body to different form of mental difficulties in work 
[Ericson & Odenrick, 1995].  
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Lean ergonomics is an extension of conventional ergonomics. How to 
handle ergonomics within lean follows [Bicheno, 2004]: 
 

- Work to Cycle Time or Rhythm. Regular rhythm can assist in good 

blood circulation. By contrast with static effort, flow of blood can 

be obstructed. 

- Lean favor standing rather than sitting. It creates flexibility to 

move between workstations and also for posture and to help 

avoid lower back problems. Ergonomists recommend a 

combination with a predominance of sitting. To balance it in a 

good way and still remain the flexibility, is to have standing and 

moving operators but also frequent breaks with comfortable 

chairs in team areas.  

- A workstation should allow for height adjustment both for height 

of the operator and the type of work. 

- Do “Ergonomic 5S”, not only 5S. Make sure all tools and parts are 

corrected located ergonomically.  The posture should be in 

natural position all the time. 5S should contain evaluations of 

work heights and ergonomic workstation layout; lifting, 

lightning, controls, vibration and noise. 

- Make use of visual warning devices. For example coloured stickers 

on containers to indicate if they are human movable, human 

movable with care, or only machine movable. 

A cycle time less than two minutes lower the job satisfaction due to high 

specialization [Krajewski, Ritzman & Malhotra, 2010]. 

3.4  Lean Tools 

Several tools are developed within the lean philosophy in order to 

decrease the non value-adding activities and to increase the activities that 

are value-adding [Liker, 2004].  
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3.4.1 Value Stream Map 

Several different flows exist in a production system and they describe a 
movement of something. These movements must be performed in such 
way it reaches the right receiver, in right amount, and in the right time. 
The flows that need to be taken into account when developing a 
production system are flows of: material, information, and humans. 
Flows in existing as well as planned production systems can be 
described graphically through flow diagram or different kind of charts. 
One way to document activities in detail and graphically is through a 
value stream map. It is a widely used qualitative lean tool aimed at 
eliminating waste.  
A value stream map can be performed in different detail levels and 
gives a better understanding of the process, and includes the process 
flow, material flow, and the layout flow [Bellgran & Säfsten, 2005]. The 
value stream map explains in a graphically way all the steps through the 
process to the finished product or service. An analysis of the structure 
and logic of the process can be performed using the value stream map, 
and also identification of potential problems, bottlenecks, unnecessary 
steps and correction activities is possible [Sandholm, 2001]. 

3.4.2 Fish-bone Diagram (Ishikawa) 

The fish-bone diagram, also called Ishikawa diagram after the creator 
Kaoru Ishikawa, is a tool suitable when a quality problem is discovered, 
see figure 5.  

Figure 5: Fish-bone Diagram (Ishikawa, 1943). 
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It is facilitating the investigation of all ideas that might be causing the 
quality problem [Sandholm, 2001]. To begin with, the main problem is 
defined and included in front of the arrow in the fish-bone diagram. 
Following arrows, affecting the main problem, are possible reasons 
causing the main problem, for example; equipment, process, people, 
materials, environment and management. Next step is to figure out the 
reasons for those problems, and so on. Eventually a fish-bone diagram is 
designed and can be used as a foundation for continued investigations 
of the problem area. It is a systematic way to figure out the underlying 
reason for a problem, in effort to solve it as soon as possible [Bergman & 
Klefsjö, 2001]. 

3.5  Quality 
In order to fulfil the customers’ required quality demands, it is 
important to clarify and characterize the demand specifications. Several 
operation methods are needed to get a reliable understanding for these 
demands; focus groups in which customers are a part and can describe 
their needs and wishes is one way, and also interviews with customers 
can be performed. Other ways to get knowledge of the demands, is to 
visit the customers to see and understand their needs, because needs are 
not always known and expressed.  
Systematically handling of the defined needs is a preferred foundation 
for further development work. Quality Function Deployment (QFD) is a 
useful tool to transform customer needs to quality demands [Bergman & 
Klefsjö, 2001].  
It can be abstract to talk about quality if only referred to the general 
definition. Through decomposition of the quality concept into elements, 
it can be made perspicuously and tangibly. Those quality parameters 
can in production be reliability, ergonomic adaption, resource efficiency, 
and environmental impact [Sandholm, 2001]. 
Quality control is performed when investigation of a product fulfills its 
quality demands. The quality control can be performed in different 
stages of the process; receiving control, processing control, and final 
control. At the receiving control raw materials, material, and 
components from supplier is checked. The purpose is to inhibit defected 
goods to be shipped further the process and there cause disturbance and 
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reduction of quality. The processing control’s purpose is to hinder 
products of not acceptable quality to be passed on further down the 
process chain. It can be executed where ever in the process and also 
continuously. When the product is finished the final control is made. 
Through the control defected products are stopped from being delivered 
to customer or the finished goods inventory [Sandholm, 2001]. 

3.6  Kitting 
A kit can generally be defined as a container which holds a specific 
assortment of parts that are used in one or more assembly operations in 
the plant. Kit assembly is an operation where all the components and/or 
subassemblies that are required for a particular kit type are physically 
placed in the appropriate kit container. Conceptually, kit assembly is an 
order picking operation.  
It exist two types of kits; stationary kits and travelling kits. A stationary 
kit is delivered to a workstation and it remains there until it is depleted, 
where the product which is assembled moves from one station to 
another. A travelling kit is handled along with the product and it 
supports several workstations before it is depleted. A kit usually does 
not contain all the parts required to assemble one unit of the end 
product due to the complexity or product size [Bozer & McGinnis, 1992]. 
Kit assembly can be performed by pickers or by the assemblers 
themselves. Further, the picking can either be performed in a central 
storage or at decentralized areas located close to the assembly area, so 
called materials markets [Brynzér, 1995]. 

3.7  Customer Ordering Decoupling Point 
Customer Ordering Decoupling Point (CODP) is defined by Rudberg 
and Wikner (2004), as the point in the value-adding material flow when 
the decisions can be made under certainty concerning customer 
demand, see figure 6. There are five main COPD’s [Rudberg & Wikner, 
2005]: 
 

- Assembly to Order (ATO) 
- Engineer to Order (ETO) 
- Manufacture to Order (MTO) 
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- Make to Stock (MTS) 
- Make to Plan (MTP)  

 
 Figure 6: CODP’s in the value-added material flow (Rudberg & Wikner, 2005). 

When Assembly to Order (ATO) is used, all materials are sourced and all 
component manufacturing is carried out without connection to specific 
customer orders. The final assembly of the products is not performed 
unless a customer order has been made. Stocks only consist of all 
purchased components, raw material, components and semi-finished 
products that are produced within the company. The characteristics of 
ATO are short delivery time, relatively medium volumes and 
customized products [Jonsson, 2008].  
 
Engineer to Order (ETO) is about making highly customized products to 
meet individual customer requirements [Hicks, McGovern & Earl, 2000]. 
Orders need to pass through the develop department in order to adapt 
to the customer’s special needs and requests. The main advantage of 
using ETO is flexibility and to fully meet customer needs. The 
disadvantages are long delivery time to customer [Jonsson, 2008]. 

 



29 

Make to Order (MTO) means the products are only produced after it is 
ordered. This method can be used in order to reduce inventory and 
increase the level of customization. The characteristics of companies 
using MTO are customized products, low volume and relatively long 
delivery time to customer [Jonsson, 2008]. 

 
Make to Plan (MTP) and Make to Stock (MTS) are mainly used when the 
product is well known and small or no changes occur. The product is 
commonly standardized. The characteristics for MTP and MTS are large 
volumes and few product variants. They differ when it comes to the 
basis for planning and interaction with customer. Both of them have a 
really short delivery time and the volumes are often high but few orders 
[Jonsson, 2008]. 

3.8  Production Processes 
Production processes can be used to describe how the technical part of 
the production system looks likes. There are different kind of processes 
and the selection of process when developing a production system 
depends often on the volume and variety of the products [Bellgran & 
Säfsten, 2005].  
Figure 7 described by Krajewski et al. (2010) shows the product-process 
matrix for the manufacturing process. This section gives a description of 
the different production processes.  

Figure 7: Product-Process Matrix for Manufacturing Processes (Krajewski et al., 2010). 
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Job Process 
A Job process is a customized process with flexible and unique sequence 
of tasks. It contains the flexibility needed to produce a wide variety of 
products in significant quantities, with considerable divergence in the 
steps performed. The workforce and equipment are flexible to handle a 
wide divergence of tasks, which makes the customization high but 
volume for any product low. Typically for this type of process, products 
are made to order and are not produced in advance. In a job process, all 
similar resources are primarily organized around itself, with equipment 
and workers capable of certain types of work located together 
[Krajewski, Ritzman & Malhotra, 2010]. 

 
Batch Process 
The primary different between Batch Process and Job Process is that the 
volumes are higher in a batch process because of the repeatedly 
producing the same or similar products or parts. Also products of 
narrower range are provided and the production lots are handled in 
larger quantities. In the batch process, first a batch of a product is 
processed, and then production is switched to the next product. 
Eventually the first product is produced again. The volumes are average 
and the process flow is flexible, which means that the process 
divergence is still too great to provide a separate process for each 
product. The products are often processed in different steps where 
inventory can be held between [Krajewski, Ritzman & Malhotra, 2010]. 

 
Line Process 
In a Line Process, volumes are high and products are standardized which 
allows resources to be organized around particular products. There is 
minimal divergence in the process and little inventory is held between 
the processing steps. Due to the little variability in the production steps, 
production and material handling equipments is specialized.  
Production orders are not directly linked to customer orders, where 
standard products are produced in advance and held in inventory so 
they are ready to be shipped when a customer places an order 
[Krajewski, Ritzman & Malhotra, 2010]. 



31 

 
Continuous Flow Process 
A Continuous Flow Process is a high-volume standardized production 
with rigid line flow. The process divergence is insignificant and primary 
material moves through the process without stopping. The process is 
often capital-intensive and operates around the clock to maximize 
utilization and to avoid expensive shutdowns and start-ups [Krajewski, 
Ritzman & Malhotra, 2010]. 
In lean production, continuously flow should always be aimed for. 
When developing a one-piece flow, also numerous of activities to 
eliminate waste are activated. Some of the benefits of continuous flow 
are [Liker, 2004]: 
 

1. Builds in Quality – every operator is an inspector and works to fix 
any problem in station before passing them on. If defects are 
missed they will be detected quickly and the problem can be 
corrected. 

2. Creates Real Flexibility – with continuous flow the lead time is 
reduced. If the lead time is short, there is more flexibility to 
respond and make what the customer really wants.  

3. Creates Higher Productivity – in a one-piece flow cell, there is little 
non value-added activities like moving materials around. It is 
easy to detect who is too busy and who is idle. 

4. Frees up Floor Space – in a cell, everything is pushed close together 
and there is little space wasted by inventory.  

5. Improves Safety – when using one-piece flow, smaller batches of 
material is moved in the factory. Smaller batches mean getting 
rid of forklift trucks, which are a major cause of accidents.  

6. Improves Morale – people is doing more value-added work in one-
piece flow. They can immediately see the results of that work, 
giving them both sense of accomplishment and job satisfaction. 

7. Reduces Cost of Inventory – capital to invest is freed up when it is 
not invested in inventory sitting on the floor. Also, companies do 
not have to pay the carrying costs of the capital they free up. 
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3.9  Layout 
If the process layout is well considered it increases the productivity and 
the process flow. A well designed layout has a clear main flow and the 
resources are high utilized.  
There are many different designs for layouts, to mention some of them; 
functional layout, line-shaped production layout, cellular production 
layout, and fixed position layout [Jonsson, 2008]. 
 

Fixed Position Layout 
Manufacturing of bulky products; large turbines, aircraft and ships etc., 
makes it difficult to move the item. Instead of moving the product, 
resources are moved and organized around the product when no other 
alternative is appropriate [Jonsson, 2008; Bellgran & Säfsten, 2005].  
 

Functional Production Layout 
In functional production layouts, machines are grouped after their 
production functions. The materials are being transported from group to 
group, depending on what manufacturing process is needed. This kind 
of layout is appropriate when there are many different items being 
produced and in relatively small numbers. This layout is flexible; it can 
easily adapt to changes in product mix and volume changes [Jonsson, 
2008]. The cons with this layout design are the continuous need of 
controlling because of the variety of items, and also that it is a lot of 
transportation, which increases the transportation and material handling 
costs [Andreasson, 1997]. 
 

Cellular Production Layout 
When production resources are organized into groups the layout is 
structured as a cellular production layout. The layout is production 
centred instead of process centred, which shortens the lead time in 
production and it also lowers the tied-up capital. In comparison to line-
shaped layouts it is more flexible and adjustable to changes, but not as 
flexible as functionally shaped production layouts. It is difficult to 
maximize the utilization of all machines and workstations in the cells in 
this type of production [Bellgran & Säfsten, 2005; Jonsson, 2008]. 
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Line-shaped Production Layout  
In a line-shaped production layout, resources are being organized by 
item and are placed in the same order as the manufacturing of the item 
is being processed. It is an efficient layout when large quantities or 
continuous manufacturing of items are taking place, for example 
assembly lines in the car industry. It works well for flow-orientated 
manufacturing with straight flows of materials and transportations. This 
solution can shorten lead-times and queue time in the beginning of the 
line. The transportation and material handling time is relatively low. 
The disadvantage with the line-shaped production layout is the 
sensitivity for disruptions. Every process step is depending on the next 
one, which means that if one station is standing still the entire 
production is stopped. This also results in a less flexible system [Jonsson, 
2008; Andreasson, 1997].  

 
Lean System Layout 
Lean system layouts are mostly designed as line-shaped production 
layouts because it eliminates waste by reducing the frequency of setups. 
One-worker, multiple-machines (OWMM) cells are flexible work cells 
where the number of workers can be adjusted. One worker can handle 
multiple machines simultaneously to create a line flow [Krajewski, 
Ritzman & Malhotra, 2010]. A U shaped layout is preferred to have the 
equipment organized following the flow of material. This shape makes 
the movements of material and workers more efficient and makes 
communication better. People working in this kind of layouts need to be 
multi-skilled to be able to handle many machines, to make the system as 
flexible as possible. The line can also be I shaped or L shaped [Liker, 
2004]. Group technology (GT) is another option to achieve line-flow 
processes with low volume processes. The GT organizes parts or 
products with the same process steps into families, based on size, shape, 
manufacturing, routing requirements, or demand. By organizing these 
families into the same production process, it minimizes machine 
changeover or setup. When items have been divided into families, the 
next step is to create work cells by organizing needed machine tools for 
the basic process [Krajewski, Ritzman & Malhotra, 2010]. 
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3.10  Automation 
Automation is the use of monitoring and controlling the production and 
delivery of products and services through control systems and 
information technologies. Automation crosses all functions within 
industry from installation, integration, and maintenance to design, 
procurement, and management.  
Automation involves a broad range of technologies including robotics 
and expert systems, telemetry and communications, process 
measurement and control, sensors, wireless applications, systems 
integration, and test measurement [The Automation Federation, 2011]. 
 
There are several aspects of benefits of using automation in production; 
robots are used in operations dangerous for human labor. The flexibility 
increases through the ability to shift the production immediately 
through programming and it has the capacity to work continuously for 
years with high standards. Automation also speeds up value-added 
steps of the process. This results in reduction of the lead time which 
leads to shorter waiting time for customer to receive products or services 
[Garcia & Lawton, 2007]. 

3.10.1 Supporting Technology 

Before adopting new technology a thoroughly made analyze should be 
made to see what impact it may have on the existing process. A 
firsthand view of the nature of the value-added work being performed 
by the workers should be designed, and then search for new 
opportunities to eliminate waste and even out the flow. Make a pilot 
where the improvements of the process are made with existing 
technology, equipment, and people. When accomplished as much 
improvement as possible, see if additional improvements can be reached 
by adding new technology. If it is determined that the new technology 
adds value to the process and it does not conflict with present operating 
principle, it can be implemented [Liker, 2004]. 
Similar method when implementing lean automation is written by 
Garcia & Lawton (2007). Lean automation aims at improving a system or 
process to achieve lean goals in elimination of non value-added waste. It 
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also speeds up value adding steps of the process through less labour 
work and material handling. To achieve the goal of lean automation the 
first step is to perform a deep and detailed study on the production 
system, so that opportunities for lean techniques, without automation, 
are analyzed and evaluated. Secondly, recognized lean techniques 
should be implemented to increase the efficiency of the production. 
Finally, after identifying lean automation opportunities, lean automation 
should be designed and implemented to improve weak points of the 
process flow such as removing bottlenecks. Without analyzing the 
production and implementing lean techniques; inserting automation 
tools may produce a new bottleneck and lead the production to higher 
costs [Garcia & Lawton, 2007]. 

3.11 Simulation model 
A simulation model can be described as a mathematical model of a 
system. Simulation models can be classified as static or dynamic, as 
deterministic or stochastic, and as discrete or continuous. There are 
many advantageous and situations when simulation models can be used 
[Jackson, 2011]: 
 

- For non existing systems it is less risky and more cost and time 
effective to build a simulation model instead of a prototype. 

- Existing systems can be too costly, hazardous or disruptive to 
experiment with. 

- When forecasting to analyze long period of time in a compressed 
format is needed. 

- When there is no practical, analytical or numeric solution in the 
mathematical model. 

- It can be developed as a design tool with logic to use when 
implementing it to the real system. 
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Some of the disadvantages are [Jackson, 2011]: 
 

- Simulation model gives no guarantees that it will actually work 
in the real system, because the output of the model cannot be 
proved so it cannot be completely reliable.  

- Simulation models are sometimes based on estimations and less 
accurate numbers than mathematical analysis.  

- Creating simulation models are time consuming, needs a certain 
technique and computer performance.  

3.11.1 Simulation Model in 3D 

A 3D-simulation model is a powerful way to create a digital, working 
replica of a production line or factory layout. It is possible to create 
virtual models of machine tools, robotics assembly, work-cells and lines. 
These virtual models allow validating, synchronizing and optimizing 
manufacturing processes before implementation on the shop floor, 
reducing manufacturing time and cost. 
The 3D-models are not only eliminating the need for expensive 
prototypes, but also the need for manual physical testing and helps to 
eliminate down time and repair costs through showing potential 
problems related to how machines may operate. 
With the help of simulation and virtual testing solutions, manufacturers 
can achieve optimal performance of equipment, as well as expand 
manufacturing capability and capacity. Results from early adopters of 
the technology proved that virtual simulation helped bring products to 
market quicker, with higher quality and lower overall costs 
[Manufacturing Automation, 2012]. 

3.12 Calculation Methods 
In order to analyze, investigate and compare concepts and solutions; 
different calculations are used; line balancing, theoretical minimum, 
efficiency, and utilization. 
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3.12.1 Line Balancing 

Line balancing is the assignment of work to stations in a line process, in 
purpose to achieve the desired output rate with the smallest number of 
workstations. Normally one worker is assigned to a station, thus the line 
that produces at the desired pace with the fewest workers is the most 
efficient one. Line balancing is performed when a line is set up initially, 
when a line is rebalanced, or when a product or process changes, and 
the goal is to obtain workstations with well-balanced workloads. 
Balancing the workload begins by separating the work into work 
elements, which are the smallest units of work that can be executed 
independently. Secondly the time standard for each element is obtained 
and also identification of the work elements, called immediate 
predecessors, which must be done before the next element is done. To 
help visualize immediate predecessors, a precedence diagram can be 
constructed, where work elements are denoted by circles with the time 
required to perform the work shown below each circle [Krajewski, 
Ritzman & Malhotra, 2010]. 

 
The first step in balancing a line is to calculate the cycle time. A line’s 
cycle time, in the context of line balancing, is the maximum time allowed 
for work on a unit in each station. To calculate the cycle time the desired 
output rate must be determined. The target cycle time is the reciprocal of 
the desired hourly output rate [Krajewski, Ritzman & Malhotra, 2010]: 

 

  
 

 
 

 
Where 
  c = cycle time in hours per unit 
  r = desired output rate in units per hour 
 

To achieve the desired output rate, managers use line balancing to 
assign every work element to a station, making sure to satisfy all 
precedence requirements and to minimize the number of stations. If 
each station is operated by different worker, minimizing number of 
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stations also maximizes worker productivity. The theoretical minimum 
(TM) for the number of stations is [Krajewski, Ritzman & Malhotra, 
2010]: 

   
  

 
 

 
Where 
  t = total time required to assemble each unit 
  c = cycle time 
 

Minimizing number of stations automatically ensures minimal idle time, 
maximal efficiency, and minimal balance delay [Krajewski, Ritzman & 
Malhotra, 2010]. 
 
Efficiency is the ration of productive time to total time [Krajewski, 
Ritzman & Malhotra, 2010]: 

          ( )  
  

  
(   ) 

 
Where   

 t = total time required to assemble each unit 
  c = cycle time 
  n = number of workstations 

3.12.2 Utilization 

Utilization is the degree to which a resource such as equipment, space, 
or the workforce is currently being used. It measures the ratio of average 
output rate to maximum capacity. The rate indicates the need for adding 
extra capacity or eliminating unneeded capacity. A process can be 
operated above its capacity level using marginal methods of production, 
such as overtime, extra shifts, and temporarily reduced maintenance 
activities, overstaffing, and subcontracting. The formula for utilization is 
[Krajewski, Ritzman & Malhotra, 2010]: 
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3.13 Analyze Tools  

FMEA, SWOT, investment and saving calculations are three different 

tools that can be used in an analyzing process to investigate benefits and 

disadvantages.  

3.13.1 FMEA 

One method to analyze a system from a quality and comparative 
perspective is FMEA (Failure Mode and Effects Analysis). It analyzes the 
quality and reliability for a system through a systematic review of a 
process; its function, modes of failure, causes of failure, and 
consequences of failure. 
A FMEA is often performed as a qualitative analyze of the relations 
between components modes of failure and corresponding consequences 
of failure at system level, and how to take action to inhibit error 
generation or reduce consequences of failure. It can be used in several 
different ways. Qualitative and rough analyzes can be suitable in the 
planning and development phase of a project where the purpose is to 
investigate the possibility to fulfil the markets demand on reliability.  In 
production development FMEA is used to evaluate production 
processes where defects of the product and how disturbances in 
production have caused those defects is studied. This analyze can then 
be used as basis in the development of process improvement [Bergman 
& Klefsjö, 2001; Sandholm, 2001].  

3.13.2 Investment and Saving Calculations 

Investments are decisions that have long-term consequences. It can be 
defined as a resource input at a moment of time that gives consequences 
in the future. Investments can be transformation of real and material 
assets as buildings, machines, and inventories, which investment 
decision can affect a production capacity. Companies can also invest in 
stock shares and security paper. A third category is investment in 
intangible or strategic investments as research and development and 
education [Andersson, 2001]. 
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Payback method 
One common calculation method of investments is the payback method. 
It is particularly suitable as a decision tool when choosing investment 
alternatives. Using the payback method, the investment that fastest 
repaid itself is the most beneficial.  
To calculate the payback time (P), the total investments cost (I) and the 
yearly profit/savings (S) of the investment must be known [Andersson, 
2001]. 

                
 

 
 

3.13.3  SWOT-analyze 

The SWOT analyzes is a tool to sort information systematically and to 
classify it. It is a strategic planning method for decision making that 
evaluates the strengths, weaknesses, opportunities, and threats involved 
in a project [Brassington & Pettitt, 2005].  
 

 Strengths: characteristics of the concept that give it an advantage 
over others. 

 Weaknesses: characteristics that place the concept at a 
disadvantage relative to others. 

 Opportunities: external chances to improve performance in the 
environment. 

 Threats: external elements in the environment that could cause 
trouble for the concept.  
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A1 
• Assembly of main terminals 

A2 
• Assembly of main terminals on the base part 

B1 
• Assembly of base part 

B2 
• Assembly of middlepart 

B3 
• Assembly of circuit boards and wiring 

B4 
• Wiring and assembly of top parts 

B5 
• Assembly of top parts and scanning 

C1 
• Testing in robot cell 

C2 
• Packaging 

 

4. CURRENT STATE ANALYZE 

4.1 Process Flow  
The current production of large size contactors contains of nine stations; 
eight workstations with manual work and one automated test cell, seen 
in figure 8. It is a line process where the production is standardized with 
low variation in the production steps. 
 

Figure 8: The process flow in the current production. 
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4.2  Layout  
The investigated work cell is designed in a line-shaped production 
layout; the workstations are placed in the same order as the process 
steps flow. The work cell contains of two line-shaped production areas; 
one line with the two first workstations, upper right in figure 9, and the 
rest of the workstations in the second area, lower left in the same figure. 
A line-flow process is also achieved because the large size contactors are 
gathered into a production family which is possible when the process 
steps are similar for all products. In the theory this is called group 
technology, where machines and tools are organized for the process.  

 

Figure 9: Layout of the current state production area. 
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4.3  Material Handling and Logistics 
The components needed in each workstation are stored either in shelves 
or on pallets, depending on size. A material handler is continuously 
refilling material; either when an operator signalizes that material is 
needed through a Kanban signal by using a flag or by putting an empty 
box on the top of the shelf. Also, direct communication between the 
operators and the material handler is convenient when refilling is 
needed. Normally the material handler refills material as soon as there is 
room available in the shelves. 

 
Figure 10 illustrates the production flow. The semi-finished products 
assembled in workstation A2 are placed on pallet. When the pallet is 
full, or when workstation B1 needs a new pallet, the material handler 
transports the pallet by forklift to next workstation. In between 
workstation B1-B5 and until input of the finished product to the robot 
cell, the products are transported on assembly wagons. In the last 
process steps; C1 and C2, the products are transported on a conveyor 
system. When the products are finished and tested, they are packaged in 
boxes on pallets and transported to the shipping hall through a 
conveyor. 

    Figure 10: The process flow in the production cell. 
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4.4  Production Equipment  
In today’s production, a handful number of equipment is needed to 
assemble and finish the products. Most of the assembling is performed 
with manual work in support of screwdrivers. The equipment tools 
required for the entire production process of large size contactors are: 
 

- Assembly wagons 
- Screwdrivers  
- Robot test cell 
- Lift  
- Forklift  
- Hammer  
- Fixtures 

 
Same equipment is used for all different large size contactors; there is no 
need of changing tools dependent on which product is being produced. 

4.5  Production Planning 
Assembly to Order (ATO) is used for the large size contactors. Material 
and components are carried out without connection to customer order; 
while the assembly of products is not performed without a specific 
customer order connected to a product. Thus it is no stock of finished 
products, but stocks for components and material exist.  
Cause of no existing stock of finished products, the lead time must be 
short. The goal for the large contactors is to deliver the products in ten 
days after receiving the order. To plan the production Strategic and 
Operational Planning process (S&OP) is used. S&OP makes forecasting 
for the production one year ahead based on several different factors, 
which is revised once a month. Leveling out customer orders is also 
performed to get a smooth production. Not all customer want delivery 
right away, but ordering in pre-advance. The production must be 
planned so both the long and short term orders are met, and the lead 
time of ten days can be fulfilled. The information of the daily goal of 
production is communicated to the operators at meetings before every 
shift. The operators can continuously follow the production goal of the 
day and the result through a monitor at the production cell. 
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4.6  Quality Control 
In order to detect any defects in the product, visual control is performed 
in every workstation. It means that the operators are responsible for 
inspecting if there are any damages or missing components. If there are 
defects it must be repaired if possible or error reported and discarded. 
When the product is complete and the visual control is approved, the 
product goes on to the test cell. In the cell several tests are performed; 
high voltage tests and functional tests. A label with a serial number, 
placed on the base part in workstation 5, is scanned by the robot to 
indicate what product type it is and it also makes the product traceable. 
If everything is approved the product goes on to the packing, if not it 
comes out on a side conveyor indicating that the product has not 
fulfilled the quality test. What type of defect can be seen on a computer 
display and if possible executes are performed. Before packing the 
product, the operator in the packing station make a final visual control. 
If no defects are discovered the operator approves the product by 
putting a green sticker on the product that is traceable to the person who 
made the control, what week and which year it was produced.  

4.7  Ergonomics 
The ergonomics aspect in the work cell today is well considered. 
Ergonomists in general often prefer a combination of standing and 
sitting, mostly standing, and this is achieved in the work cell. Operators 
are sitting in two of the workstations and the rest is workstations with 
standing positions. When considering flexibility and monotonous work, 
the operators rotate and changes workstations after every break, 
approximately every two hours. The products are transported by 
assembly wagons between the workstations and in the packaging station 
the operators use a lift to do the packaging of the product, so no heavy 
lifts are needed. None of the workstations require any less ergonomic 
movements with unsatisfying angels or heavy lifting; it is only in the 
first and third workstation lifts of components weighting a bit more 
occur, concerning the terminal bars and the base part. 
The surrounding area with lights, noises, and other physical or 
psychological aspects are not affecting people negatively. Gear like soft 
floor carpets are used to achieve even more beneficial ergonomics. 
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4.8  Manning and Production Volume 
This section explains the working hours, capacity, reliability and ability 
to deliver for the current production.  

4.8.1 Working Hours 

The PCAF department works in two shifts and the large size contactors 
are produced at the afternoon shift, four times a week, according to the 
demand during the spring 2012. A full manned shift contains of eight 
operators, seven at the workstations and one at the packaging, but it 
varies because often when absence of operators no replacement is 
available.  
Operating time for one afternoon shift operator during a week is 29 
hours, and the daily operating time is 7.25 hours. During the breaks the 
production stands still. Breaks have been estimated to take some extra 
time for movement between the production and the lunch room. In table 
1 the working hours can be seen. Time loss in “other” includes meetings 
etc. 

 

Afternoon Shift 

Monday-Thursday 13:48 – 22:54 
Breaks 16:00 - 16:24 
 18:30 - 18:45 
 20:30 - 20:45 
Total time, breaks 1 h/shift 
Set-up time 0.6 h/shift 
Other 0.25 h 
  
Dailey operating time 7.25 h 
Weekly operating time 29 h 

                  
                 Table 1: Working hours in the PCAF department. 

If the weekly production goal is not achieved, extra shifts can be 
performed in the weekends. 
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4.8.2 Production Volume 

The average production plan during the spring 2012 is to produce 60 
contactors in one shift, which gives the output of 240 contactors per 
week. During 2011 the average production volume per week was 321 
contactors, see appendix 4. The reason for the larger number of average 
output is that more shifts where used during the spring 2011 due to 
higher demands.  

4.8.3 Reliability and Ability of Delivery 

Secondary data from ABB’s data base shows that the average on time 
delivery (OTD) for the large size contactors during year 2011 was 64%. 
The reason for this percentage is that the demands were high during the 
end of 2010, which resulted in slack in production during the first half of 
the year 2011.  

4.9  Time Study 
Time studies are performed in the production. From this data analysis 
with different methods can be done for further investigations and to 
discover problem areas. 

4.9.1 AviX-Study 

To be able to collect and analyze information of the current state and the 
possible future state production, AviX studies were performed both in 
the current work cell and also of the assembly steps for the new 
designed product. The production process was recorded in every 
workstation/assembly step to gather time studies, movements, and the 
differences in the assembly steps regarding the old and the new design. 
When finished recording, the videos were inserted in the AviX Method 
program and every movement was recognized and analyzed. The 
program gives every movement a standard performing time. When the 
entire production process was analyzed, a result was presented for how 
many percentages of the movements that are value-adding, necessary 
and non value-adding.  
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The result shows a total processing time of 22.39 minutes from the first 
assembly station until the finished product is packaged, results can be 
seen in appendix 5 and 6.  
 
Table 2 explains the processing time in each workstation. Workstation 
A2 is the most time consuming with a cycle time of 3.33 minutes, which 
also decides the cycle time of the entire line. Station C1 shows a 
processing time of 3.27 minutes but has a cycle time of approximately 
one minute due to the capability to handle several products 
simultaneously.  
The value-added work is 10% of the total work time, while the necessary 
work is 86% and the non value-added work is 5%. Basically all non 
value-adding activities are transportation between and movements 
within the workstations. Bad ergonomics makes up for 26% of the non 
value-adding activities and consists mostly of movements when 
reaching for material.  
 

Workstation Processing Time 
(minutes) 

A1 3.25 

A2 3.33 

B1 2.86 

B2 2.36 

B3 2.55 

B4 1.80 

B5 1.18 

C1 3.27 

C2 1.79 

  

Total Time 22.39 

 
           Table 2: Processing time for the workstations. 
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4.9.2 Value Stream Map 

Based on time studies, interviews and observations a value stream map 
of the current production flow is designed to identify possible 
bottlenecks, unnecessary actions, and to examine the entire lead time for 
the products. The value stream map is illustrated in figure 11.  

Figure 11: Value stream map for the large size contactors. 

The total lead time for the material flow, is approximately 34 days. The 
most crucial area seen in the value stream map is the inventory time for 
materials, which is 33 days. This number is an average of the inventory 
time for all components used in the large size contactors, calculated with 
numbers based on ABB’s secondary data. 
 



50 

Production controllers are making annually to monthly forecasts of the 
production. The orders of material both to internal and external 
suppliers mostly are sent electronically, due to signals set from each 
materials order point. Other ordering systems used are a Kanban system 
using cards for some of the material boxes that indicates when the 
reordering point is reached. Also, some refilling is performed directly by 
the supplier that visits to investigate the inventory. Regarding in-house 
production; production plans are sent internally that estimates the 
needed amount.  

 
The entire value-adding time to finish a product is 22.39 minutes, but 
then no waiting time or transportation in-between the workstations are 
included. To achieve the most optimal process for the current state 
production, the cycle time for the most time consuming workstation 
determines the tempo for every workstation in order to create a smooth 
flow. It can be seen in the value stream map; workstation A2 is the 
bottleneck with its processing time of 3.33 minutes. If this cycle time 
would be followed and if the conditions are optimal with a full manned 
team and available material and resources, the entire process to 
assemble and finish the product would in this case be 30.24 minutes, 
with an estimation of 2 seconds transportation to next workstation. 
Workstation C1 seems to be the second bottleneck, but it is misleading 
because several products can be input to the test cell even though not all 
products are finished tested. 

 
The waiting time in-between the workstations are varying depending on 
whether the team is full manned or not, or if all material is in place or 
not. The main waiting time is detected between workstation A2 and B1. 
The reason for this is that both A1 and A2 are using a push-system for 
the production. This creates an inventory in-between the workstations, 
consisting of in average two pallets with semi-finished base parts. Each 
pallet holds 14 base parts and calculations with today’s cycle time of 
creating 60 products per day during 8 working hours gives a cycle time 
of 8 minutes. This results in an average waiting time of approximately 
75 minutes for the two pallets to be emptied. 
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Workstation B4 takes approximately one minute extra when product 
type AF1650T is produced. The reason is an additional circuit board 
assembled in the workstation. The time for the assembling is not added 
in the value stream map because those models were not produced the 
period when the time study was performed, and this extra minute will 
still not make workstation B4 a bottleneck. 

 
The production planner is scheduling the production so the orders are 
finished one day before it must be shipped to reach the customer in 
time. This is because the shipping department need one day to do the 
final packaging and ship it on time. 

4.9.3 Bottlenecks 

As mentioned in the value stream map, the most crucial bottleneck is 
workstation A2 because it is most time consuming compared to the 
others. In order to achieve a smooth flow in the process, the 
workstations must be equal balanced. In the investigated work cell it can 
be seen that the workstations in the beginning of the operating process 
in average takes more time than the ones in the end, which indicates that 
the operating process is unbalanced; the workstations takes 
approximately between 1.18 minutes up to 3.33 minutes. 

4.9.4 Setup time, Changeovers and Maintenance 

Due to the manual labour, there is no setup time when starting 
production. There is either no changeover time when switching product 
type because of similar assembly steps between the products. 
Maintenance in form of cleaning the work cell is performed twice a 
week, 30 minutes each time. Preventive maintenance for the test cell is 
performed twice a year, and robot service once a year. 
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4.10 Capacity and Utilization 
According to the production plan, 60 contactors are produced in average 
every shift. The study made in AviX Method shows a possible cycle time 
of 3.33 minutes, on the basis that all material is available, all 
workstations are full manned, and there is no waiting time between 
workstations. With an addition of 20 percent for miscellaneous gives a 
possible cycle time of 4 minutes and a maximum capacity of 108 finished 
products per shift. The current utilization is: 
 

            
  

   
              

 

4.11 Disturbance analysis 
Analyse of process disturbances based on the time study and 
observations are performed in this section, analyzed in a fish-bone 
diagram. 

4.11.1 Fish-bone Diagram (Ishikawa) 

The fish-bone diagram, illustrated in figure 12, has been created to point 
out the most crucial factors of disturbances of the production process. 

Figure 12: Fish-bone diagram investigating production disturbances. 
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The production process is divided into two work areas which creates 
more transportation, waiting time and also inventory that increases the 
tied-up cost. Assembly of the products is done manually which leads to 
several disturbances factors. Operators have different work rates that 
create variation of the cycle time between workstations. Unplanned 
breaks of different reasons have been observed and also when using 
manual labour a certain degree of human errors exists. Often shift teams 
are not full manned that creates a slower production rate, and no extra 
operator is temporarily coordinated because of the lack of availability.  
 
The material handling can create disturbances when material is not 
available at the workstations due to miscommunications between the 
operators and the material handler. Defects of materials caused by 
material handling or faults in suppliers manufacturing also causes extra 
work. 
 
The problem that can occur in the environment and equipment areas are 
relatively small and not frequently. Though, if breakdown occurs in the 
test cell, it can cause big disturbance of the production. 

4.11 Benchmarking 
Benchmarking is used to get ideas and suggestions for how new 
production concepts can be solved and designed. Two different work 
cells at ABB Control Products are investigated to analyze different 
production concepts. 

4.11.1 NAFC 

The NAFC work cell is a new production line that will be implemented 
at ABB Control Products during the spring 2012. The cell is structured as 
a circular line-shaped production layout, where the contactors are 
placed on a conveyor that transports the contactors around through the 
workstations. The assembling in the workstations is done manually 
except from two affix stations and a test- and laser cell that is automated. 
The operators are placed inside the circular conveyor system, while the 
material is refilled from the outside. Kanban is used to refill the material 
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and are signaled through empty boxes. In the manual work stations, 
pick to light system is used. In such a system the material that shall be 
picked by the operators is enlighten. Six people is the number of a full 
manned team in the cell, but the cell is structured in such a way that the 
production line can have a smooth flow with three operators, where the 
operators handle multiple workstation simultaneously. To handle 
bottlenecks, two workstations can perform the same work elements at 
the critical areas. 
The NAFC work cell showed a possible solution for an effective 
transportation system of contactors. 

4.11.2 A-line 

The A-line is a production cell that produces a different model type of 
contactors. This production cell characterizes a line production with 
high production volume, repetitive work, and with a conveyor system 
that connects the entire cell. 
The assembling is performed both automatically and manually. The first 
processes steps are performed in an automatic cell. When finished, the 
products automatically are placed on the conveyor that transports the 
semi-finished product to next workstation. In following workstations, 
the assembling is manually handled and the products are transported by 
conveyors between the workstations. When the product is assembled it 
is tested in an automatic test cell before packing. The last workstation in 
this system decides the cycle time, because products cannot be passed 
on until the workstation is free. 
The benchmarking performed at the A-line generated possible ideas 
regarding automation solutions for production of contactors. 

4.12 New Product Design State 
This section clarifies the requirements and prerequisites for the new 
product design. 
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4.12.1 Process Steps 

The new product design changes parts of the assemble steps of the 
products. A large number of components will be integrated delivered 
from the supplier, which reduces the number of assembly activities. This 
reduction results in a decrease of the value-added time with 
approximately 16%. Most of the assembly steps are the same for each 
product type, but it exist some essential differences. The process steps 
for each product type are presented in appendix 7. 

4.12.2 Material Differences between the Product Types 

Most of the components and material to the different product types are 
similar. Between the product sizes, GAF/AF2050 and AF2650 have both 
individual terminal bar types compared to AF1350 and GAF/AF1650. 
AF2650 has also a different design of the base part. The GAF-products 
have additional magnets and magnet holders that need to be assembled 
and also different type of arc runners and arc chutes compared to the 
AF-products. AF1650T has an additional circuit board to the product 
components. 

4.12.3 Precedence Diagram 

In order to balance the workstations in the concept generation, the 
process steps have been mapped in a precedence diagram. It shows an 
overview of in which order the process steps can be performed, and it 
works as a guideline when the steps will be divided in workstations. 
Appendix 7 is the list of the process steps for all products; the assembly 
steps that must be performed in the same workstation. It will facilitate 
the design of workstations for the different concepts. Figure 13 
illustrates the precedence diagram, where each number is an assembly 
step, explained in appendix 7.  
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Term X in figure 13 is the assembly step where AF2650 begins, which 
differs from the other products. Term M is an additional assembling of a 
magnet and magnet holder required for GAF1650-2050, and T is the 
assembling of a solar circuit board included in product AF1650T. Except 
for these additional terms; all process steps are included in the 
assembling of the different product types.  

4.12.4 Requirements for the new concept design 

Parts of today’s production cell have recently been developed; the test 
cell and the packaging area for finished products. Solutions concerning 
how to assure that right material have been placed in right product is 
discussed and developed by another group at ABB Control Products. 
The assembly issue is critical because of the dangerous affects of 
assembling wrong components, which could lead to explosions during 
usage. The solution for this is to implement a magnet test in the process; 
testing what material it includes and if the magnets are placed in the 
right direction. This is why the concept generations need to be 
integrated with the three consisting/developed solutions: 
 

Figure 13: The process steps for the different contactors, connected in a precedence 
diagram.  
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- Test cell 
- Packaging 
- Magnet test 

 
Through discussions with the company, goals to aim at when designing 
the new production concept is to reach a cycle time of two minutes to be 
able to meet future demands and still keep good ergonomics according 
to Krajewski et al, and to reduce the total value-added time with at least 
18% compared to current state. The total value added time for current 
state is 17.33 minutes if the test cell and packaging station is excluded. 
The test cell and packaging station is excluded because those stations 
will be integrated in the new production concept, without changes. The 
value added time that will be reduced can be seen in figure 14. 
 

 
    Figure 14: Value-added time in each workstation in the current state production. 
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4.12.5  Available Floor Space 

Possible future layout changes in other production cells opens up more 
floor space for the new concept design of the production cell which is 
indicated with a red frame in figure 15. All concepts require that the 
freed floor space will be available and it is provided for a possible 
implementation in the future. 

 

 

  

Figure 15: The increased floor space area required for the future concept. 
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5.  CONCEPT GENERATION 

The concepts will be designed according to the given directives from the 
company and also from basis of the lean perspective. 
 
As mentioned, the desired outcome given by the company is: 
 

- A cycle time of two minutes 
- Reduced value-added time, at minimum 18 % 

 
According to the calculations, eight workstations are required to be able 
to assemble all different product types in the same production line with 
a cycle time of two minutes.  

 
Production of models AF1350-2050: 
 
Theoretical Minimum: 
 

   
∑ 

 
 
     

 
                      

 
Efficiency: 
 

           
∑  

  
(   )  

     

   
(   )         
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Production of model AF2650: 
 
Theoretical Minimum: 
 

   
∑ 

 
 
     

 
                      

 
Efficiency: 
 

           
∑  

  
(   )  

     

   
(   )         

  
Production of models GAF1650-2050: 
 
Theoretical Minimum: 
 

   
∑ 

 
 
     

 
                     

 
Efficiency: 
 

           
∑  

  
(   )  

     

   
(   )         

  
The efficiency for all models is satisfying, assuming that balancing 
solutions for the number of workstations are found. The balancing of the 
workstations will be based on the precedence diagram, to find the best 
possible balancing. 

5.1  Lean Perspective 
The concepts will be constructed with lean philosophy in mind with 
focus on reducing non value-adding activities; unnecessary movements, 
storage etc. to achieve an effective and competitive production concept 
according to Liker (2004). The preferred outcome is to achieve one-piece 
flow to build in quality, create flexibility, increase productivity, free up 
floor space and improve safety and morale. It also decreases the cost of 
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inventory when reducing the storage. Transportation systems and 
layout as a basis for the concept generation have also been considered. 
 
To achieve continuous flow a conveyor system for transportation is 
preferable. It makes the production cell more sensitive to disturbances, 
which clarifies bottlenecks and makes it easier to solve and improve the 
process in order to eventually make it more robust. Today’s testing cell 
includes a conveyor system. In aim to facilitate the handling of the 
products into the test cell a conveyor system in the entire production cell 
is evaluated to be the most efficient and waste reducing alternative. It 
reduces manual movements for the operators, ensures FIFO (First In, 
First Out) in production, and the number of WIP (Work In Process) will 
be more controlled.  
The concepts will be designed in line-shaped production layouts to 
facilitate effective production with less movement and transportation. 
Line-shaped production increases the flexibility; number of workers is 
adjustable and it is easier for one worker to handle multiple machines 
according to Jonsson (2008) and Andreasson (1997).  
All concepts will be generated in an ergonomically aspect, according to 
Bicheno (2004), by designing the workstations aiming for an even 
rhythm, standing positions and adjustable heights on work tables.  
 
Concepts will be designed based upon these restrictions and 
discussions. 
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5.2 Concept 1 
Concept 1 is a rebalance of the consisting production process, in aim to 
make it more efficient due to the changes of processing steps for the 
products. It is an alternative that can be implemented immediately 
without large investment costs.  
All workstations have been moved and grouped together with the rest 
of the workstations, which is possible with the availability of increased 
floor space, see layout in figure 16. Including all workstations in the 
same area are required when the product design is changed, due to the 
increased space needed for storing the base parts. Having a buffer in 
between the work areas as it is today would require a lot of floor space.  
 

 
 

Figure 16: Layout concept 1. 
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All assembling in concept 1 is performed manually, which requires 
seven operators, excluded the operator in the packaging area, to be full 
manned. The production line is balanced to have a cycle time of 3.22 
minutes, which is determined by workstation 1 that is the most time 
consuming workstation. Assembly wagons are used for assembling and 
transporting the products between the workstations. Material supply is 
supported from outside the production cell. Figure 17 represents the 
balancing and the processing times for concept 1. 

The total value-added lead time in concept 1 is 14.56 minutes. Compared 
to current state concept 1 will reduce the value-added time with 16%. 
Calculations for this are based on products AF1350-2050. Balancing of 
the process when producing GAF1650-2050 results in a higher cycle time 
in workstation 3, but it can be improved by kitting the preassembling of 
magnets in magnets holder, to shorten this assembly time. The balancing 
time for all products can be seen in appendix 8.  The processing time in 
workstation 7 is lower than the cycle time of 2 minutes, but it will be 
levelled out whilst the operator in workstation 7 will be responsible for 
picking and delivering a new assembly palette to workstation 3, since 
the palette can be picked from the same place as workstation 7 ends.  

  

Figure 17: Balancing and processing time (AF1350-2050) for concept 1. 
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5.3 Concept 2 
Concept 2 is a production line with eight workstations and with an 
approximately cycle time of two minutes. It is designed in a U-shaped 
line as can be seen in figure 18 and a conveyor is used as transportation 
system. In aim to reach the cycle time of two minutes, workstation 1 is 
split into two workstations where the operators perform the same 
assembly steps. All material supply is done from the outside of the 
production line. The H box in the layout represents the magnet test, 
needed in the future. 

 

Figure 18: Layout concept 2. 
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Since all workstations are manually performed, eight operators are 
needed, excluded the operator in the packaging. In figure 19 the 
balancing of the production line of the products AF1350-2050 can be 
seen. The balancing of all products and work elements in each 
workstation can be seen in appendix 9.  

The value-added lead time of the production line is 12.95 minutes and 
with a total value-added time of 14.56 minutes. That is a reduction of 
16% of value-added time compared to current state production. 

  

Figure 19: Balancing and processing time (AF1350-2050) for concept 2. 
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5.4 Concept 3 
Concept 3 is a production line with two parallel flows that combines to 
one through conveyors that is used as transportation system. The 
production flow with workstations 1-3 assemblies the base part while 
the flow with workstations 4-5 assemblies the middle part. It is 
illustrated in figure 20. The production line has eight manual 
workstations, excluded the packaging, with a cycle time of 
approximately two minutes. 

 

 

Figure 20: Layout concept 3. 
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In figure 21 the balancing of the production line of the products AF1350-
2050 can be seen. The balancing of all products and work elements in 
each workstation can be seen in appendix 10. The value-added lead time 
of the production line is 8.72 minutes and with a total value-added time 
of 14.56 minutes. That is a reduction of 16% of value-added time 
compared to current state production. 

 

 
 

 
 
 
  

Figure 21: Balancing and processing time (AF1350-2050) for concept 3. 
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6. CONCEPT ANALYZE & SELECTION 

The generated concepts are analyzed and compared in this chapter, and 

one concept is chosen for further development. 

6.1 FMEA 
To compare disturbance risks between the concepts, a FMEA focused on 
process disturbances was performed. Disturbance factors that have been 
considered are those who differ between the concepts. The FMEA 
highlights what factors needed to be closer considered and can be seen 
in appendix 11. 
Analyzing by giving the factors scores showed that the most critical 
disturbance factor is the assembly wagons. The assembly wagons can 
obstruct FIFO in the production because lack of systematic flow. If there 
have been a queue in-between two workstations the assembly wagons 
can go through the process in an unorganized order. Other factors to 
consider are the material refilling if the cycle time is decreased and the 
synchronisation and combination of flows if having parallel flows. 

6.2 Investment & Saving Calculations – Concept 1 

Investments to be considered and the savings are examined for concept 1, 

and also the concepts capacity. 
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6.2.1 Estimated Investment Cost 

Equipment used in concept 1 is the same as in current production, 
except for small installation costs, see table 3. Thus no need of 
investment of new material is needed. Production can be planned so no 
production losses need to take place when implementing the concept. 

 
Investment Cost Table Cost (SEK) 

Installation 15 000 
  
Total Investment Cost 15 000 

 
         Table 3: Investment Cost Table for concept 1. 

6.2.2 Production Volume Scenarios 

With a theoretical cycle time of 3.22 minutes and additional 20% for 
miscellaneous gives a cycle time of approximately 4 minutes. The 
maximum capacity for one shift when full manned is 108 products, see 
table 4. 
 

Production volume/day Number of shifts required 

<108 1 Shift 

108-216 2 Shifts 

>216 3 Shifts 

 
          Table 4: Production volume scenarios and the number of shifts needed. 

The yearly cost per operator is 770 400 SEK, based on 253 working days 
per year, and an hourly operator cost of 350 SEK. Paid working time for 
one shift is 8.7 hours. 
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Shift cost with eight operators, including packaging station, five days a 
week is approximately 6 163 200 SEK per year. 

6.3 Investment & Saving Calculations – Concept 2 & 3 

Investment and saving calculations and production volumes for concept 2 

and 3 are investigated. Concept 2 and 3 has similar figures which is why 

both are explained in this section.  

6.3.1 Estimated Investment Cost 

The estimated investment cost for concept 2 and 3 can be seen in table 5. 
 

Investment Cost Table Cost (SEK) 

Ergonomic Workstations 200 000 
Conveyor 125 000 
Material Shelves 35 000 
Installation 200 000 
  
Total Investment Cost 560 000* 

 
        Table 5: Investment Cost Table, concept 2 and 3.  
       *Figures from LÅ-Konsult AB 

6.3.2 Production volume scenarios 

With a theoretical cycle time of approximately 2 minutes and additional 
20% for miscellaneous gives a cycle time of 2.4 minutes for concept 2 and 
3. The maximum capacity for one shift when full manned is 181 
products, see table 6. 
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Production volume/day Number of shifts required 

<181 1 Shift 

181-362 2 Shifts 

>362 3 Shifts 

 
          Table 6: Production volume scenarios and the number of shifts needed. 

Shift cost for concept 2 and 3 with nine operators, including packaging 
station, five days a week is approximately 6 933 600 SEK. 

6.3.3 Estimated Pay-Off 

As long as the production demand is lower than 108 products per day, 
all three concepts are able to meet the demand with one shift. In that 
case, concept 2 and 3 have a 545 000 SEK higher investment cost, figures 
compared in table 3 and table 5, and also 770 400 SEK more expensive 
labour cost compared to concept 1. 
If the demand rises above 108 products per day, concept 1 (C1) needs 
two shifts to meet the demand while concept 2 and 3 can produce with 
one shift up to a demand of 181 products per day. The yearly labour 
savings by using one shift for concept 2 and 3 (C2 and C3) instead of two 
shift for concept 1 will be 5 392 800 SEK. 
 

(               )                        
 

(           )                               
 
In that case the estimated pay-off for investing in concept 2 or 3 will be 
0.1 years. 
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6.4 SWOT-analyze  
SWOT-analyzes was designed for all concepts, where all strength and 
opportunities, weakness and threats were considered. The SWOT-
analyzes for the concepts can be seen in table 7-9. 

6.4.1 Concept 1 (C1) 

 

Strengths & Opportunities Weakness & Threats 

Low investment cost No guaranteed FIFO 
 All material supply from outside 
the production cell 

Manual transportation of product 

U-shaped layout Buffers between workstations 
 Space consuming material shelves 
 Two different transportation 

systems 
 Operators must manually pick a 

new palette 
 Possible to move the product 

upstream in the process 
 Longest lead time 
 Highest cycle time 
 
Table 7: SWOT-analyze for concept 1. 
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6.4.2 Concept 2 (C2) 

 

Strengths & Opportunities Weakness & Threats 

FIFO Higher investment cost than C1 
Easy to detect problems Material supply from outside and 

inside the production cell 
Uniform transportation system Conveyor + hoists increases risk 

for breakdown 
Controlled WIP Higher shift cost than C1 
Continuous flow New equipment 
Cycle time approx. 2 minutes  
U-shaped layout  
Shorter lead time than C1  
 
Table 8: SWOT-analyze for concept 2. 

6.4.3 Concept 3 (C3) 

 

Strengths & Opportunities Weakness & Threats 

FIFO Higher investment cost than C1 
Easy to detect problems Not U-shaped layout 
Uniform transportation system Conveyor + hoists increases risk 

for breakdown 
Controlled WIP Higher shift cost than C1 
Continuous flow New equipment 
Advantageous material supply  
Cycle time approx. 2 minutes  
Shorter lead time than C1 and C2  
 
Table 9: SWOT-analyze for concept 3. 
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6.4.4 Comparison of the Concepts 

Shorted lead time is a factor that is always beneficial because it increases 
productivity. The lead time in concept 3 is the shortest one with 8.72 
minutes, compared to concept 1 at 14.56 minutes and concept 2 with a 
lead time of 12.95 minutes.  
According to the lean philosophy, continuous flow is preferred to 
achieve the most efficient production process without any unnecessary 
inventories; buffer or safety stocks. Conveyors as transportation system 
facilitates continuous flow, compared to assembly wagons in concept 1 
that are transported manually.   
The FMEA shows that concept 1 is affected by least number of risk 
factors. The critical factor for concept 1 is that there might not be FIFO in 
production when using assembly wagons. Concept 3 is concerned by 
most number of factors that need to be considered if choosing that 
concept. 

6.5 Selection of Concept 
Concept 1 is a suitable solution for fast implementing without large 
investment costs. Seen in appendix 12, figures from the business plan 
shows a steady increment of production volume demand the next years. 
Concept 1 can work as a temporary solution while the production 
volume demands remains the same or if it exist lack of investment 
capital. 
 
The concept that has the most beneficial pros, considering future 
demand is increasing, is concept 3 which is why it is selected for further 
development. Concept 3 is definitely more beneficial than concept 1 
when the demand exceeds 108 products per shift. As seen in the SWOT-
analyze, concept 3 has similar pros as concept 2 but with a shorter lead 
time that works as an advantage. It is more efficient than concept 1 and 2 
with a better balancing of the workstations and a conveyor system that 
creates continuous flow without the need of operators to transport the 
products. It has also a greater capacity than concept 1, ready to use 
when the production volume demand rises. 
To achieve the goal for minimization of the value-added time with at 
least 18%, possibility for automation will be investigated.  
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7. DEVELOPMENT OF SELECTED 

CONCEPT 

The chosen concept 3 is further developed and explained in this section. 

7.1  Automation Solution 
The concepts have been designed with manual labor to begin with, 
according to theory by Liker (2004) and Garcia and Lawton (2007). Next 
step is to identify possible automation solutions.  
In aim to contain a cycle time of two minutes for concept 3, workstation 
1 have to be multiple with two operators. That is resource-consuming 
and therefore has workstation 1, mount fixed contacts on terminal bars, 
been identified as a work element possible to automate.  
The automation consultant company LÅ-Konsult AB was contacted for 
investigating possible automation solution and investment cost. 
Proposal of automation solution can be seen in figure 22.  

Figure 22: A suggested automation solution for 

mounting terminal bars and contacts (figure 

from LÅ-Konsult AB, 2012). 
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The automation solution has a capacity to assemble six terminal bars 
needed for one contactor in 1.5 minutes. Investment calculations for the 
automated solution can be seen in table 10. 

 
Investment Cost - Additional Cost (SEK) 

Automation Solution 750 000 

Installation 200 000 

  

Total Investment Cost 950 000 

 
                Table 10: Additional Investment Costs. 
                *Figures from LÅ-Konsult AB. 

The new balancing of the production line can be seen in figure 23 with a 
value-added lead time of 8.61 minutes and total value-added time of 
12.84. That is a 12% decrease of value-added time compared to concept 3 
without automation. The balancing is designed as even as possible, 
concerning the steps needed to be connected to each other according to 
the precedence diagram. 

 

 
 
Figure 23: Balancing of the production process with the automation solution. 
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7.1.1 Estimated Pay-Off 

With the automation solution the number of operators is reduced by two 
in the assembly process. The yearly cost for two operators are 1 540 800 
SEK working one shift, five days a week. The pay-off time of the 
investment is 0.6 years. 
 

               

              
 
       

         
           

7.2  Developed Concept Design 
The layout of Concept 3 has been developed as seen in figure 24. 
Workstation 1 is now automated, the shelves have been adjusted in size 
depending on what material is needed in each workstation, and 
workstation 2 is designed to be able to rotate the products in aim to 
facilitate the mounting of terminal bars.  

Figure 24: Developed layout for concept 3. 
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The conveyor that enters workstation 2 is designed to be able to handle 
both terminal bars that come from the automated station and from a 
separate container of AF2650 terminal bars. The palette goes back to 
workstation 2 automatically on a separate conveyor, below the main 
conveyor. The base part and the middle part are mounted together in 
workstation 6, supported by a hoist. 
 
The differences between current state and concept 3 are compared in 
table 11. 
 

 Current State Concept 3 

Value-added lead time (min) 17.33 8.61 
Total value-added time (min) 17.33 12.84 
Yearly labour cost (SEK) 6 163 200 5 392 800 
Investment cost (SEK) - 1 510 000  
 
Table 11: Comparison between the current state production and concept 3. 

The value-added lead time is 8.61 minutes, excluding the test cell and 
packaging, and with a total value-added time of 12.84. It is compared to 
current production a decrement of approximately 26% of value-added 
time. One operator less in the assembly process is needed compared to 
current production which gives a yearly saving of 770 400 SEK per shift. 
The total investment cost for concept 3, with addition of the automated 
workstation is 1 510 000 SEK. If Concept 3 is implemented and run with 
one shift, the pay-off time regarding the labour savings is approximately 
two years, see calculation. 
 

        
               

              
 
         

       
         

 
An increased capacity of production shortens the pay-off time 
furthermore. The total value-adding lead time, including the magnet 
test, the test cell and the packaging, is 13.97 minutes, see figure 25. 
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7.3  Quality Insurance Solutions 

 
In addition to the concept presented there are alternative solutions to 
insure quality in the material handling for workstation 2 and 3, where 
the material differs between the AF- and GAF-products. 
 

 Pick to light 

 Kitting 

 Separate material shelves  

Pick to light is a support for the operator to pick the right component in 
the right order in the assembling process.  It increases the quality 
assurance and standardizes the work. Pick to light is preferable to use to 
guarantee that the GAF- and AF-components are not mixed, provided 
that the material is correct placed from the material supply. The negative 
aspect with pick-to light is that it decreases the manual control because 
the operators do not need to inspect the material in the same degree as 
without the system.  
Kitting of certain components is another solution that increases the 
quality and minimizes the risk of assembling wrong material in the 

Figure 25: The total value-adding lead time for the entire production process. 
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products. Kitting the GAF-components that differs compared to the 
other products is an alternative solution. 
Separate material shelves are also a method for separating different 
material for different products to reduce the risks for incorrect 
assembling. 
 
Depending on the number of products that have been wrongly 
assembled and detected in the magnet test, and the volume of the GAF-
products, different of these quality assurance solutions are suitable. As 
long as the volumes of GAF are at the same level as today, the specific 
GAF-components could be kitted and available in the workstation only 
when GAF is being produced. If the demand of GAF increases, separate 
material shelves could be a suitable solution and if the amounts of 
wrongly assembled products are proved to be high, pick to light could 
be beneficial. 
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8. VISUALIZATION OF CONCEPT 

In this chapter a simulation model of the chosen concept is presented. A 
simulation model gives a complementary description of the concept. 
 
Figures 26-28 shows the production concept in different views. Figure 29 
shows a close-up of how the automation solution possible can be 
integrated with workstation 2 and figure 30 shows a closer picture of 
how the two parallel flows can possible be combined together at 
workstation 6. 

Figure 26: The production concept created in 3D Create, view 1. 
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Figure 27: The production concept, view 2. 

Figure 28: The production concept from above. 
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Figure 29: The automation solution visualized. 

Figure 30: Visualization of the parallel flow and the assembling of 

the middle part on the base part. 
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9. DISCUSSION OF RESEARCH 

QUESTIONS 

DMAIC-model, PDSA-cycle, and guidelines for layout 
development are all similar process development models within 
continuous improvements. The production development process 
designed in this thesis project has been developed through these 
models but with a focus on generating suggestion for production 
development, not implementing the suggestions. The result of the 
process is seen in figure 31. 

 
Figure 31: The result of the designed process development model. 

The arguments for how the process has been designed: 
 
Planning and Preparation: To be able to perform a satisfying 
production development project a project plan must be designed. 
Aim of the project, problem statement, delimitations, and time 

Planning & 
Preparation 

Current 
State 

Analyze 

Concept 
Generation 

Concept 
Analyze & 
Selection 

Visualization 
of Concept 
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plan must be generated to get a correct goal and focus of the 
project. 
Current State Analyze: To develop a production or process, 
knowledge of the current state and how it truly works today must 
exist. It is essential to know what pros the current state contains to 
maintain and further build on it, and the cons and disturbances of 
the process to know what can be improved and developed. The 
tools and methods used in this section are “go and see”, value 
stream mapping and a fish-bone diagram. 
Concept Generation: To develop an optimal production concept 
several concept should be generated to find different possible 
solutions. Generating several concepts, by using brainstorming, 
boosts the creativity and combination of different concept can lead 
to new ideas and solutions. Precedence diagram is a useful tool 
when balancing the workstations.  
Concept Analyze and Selection: The different concept that been 
generated must thoroughly be analyzed in the aspects of 
economy, productivity, and risks in aim to find the best solution 
for the certain case. The concept analyzes and selections were 
based on results from the FMEA, investment and saving 
calculations and the SWOT analyze. 
Visualization of Concept: Through a 3D-simulation model, a better 
understanding of how the new concept will work will be gained. 
Also people not involved will easily and fast understand how the 
concept is build up. 
 
This model was applied in this project to generate a new 
production concept for department PCAF at ABB Control 
Products. The outcome of following the model was a satisfying 
project plan with clear aims and delimitations. The current state 
analyze gave a deep insight in the current production, which was 
an important foundation for the next process step; concept 
generation. Analyze and selection of concept with its tools and 
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discussions was a support to choose the most suitable concept.  
The visualization communicated the finished result in a pleasant 
way. The result of the developed process model has been tested 
and it fulfilled its purpose.  
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10. CONCLUSIONS & 

RECOMMENDATIONS 

Conclusions and recommendations of the analysis and results are 

presented in this section. 

 
To design a production development process, the DMAIC-model and 
PDSA-cycle are appropriate methods to use to structure the process. The 
methods can be applied in projects to improve processes, redesign an 
existing process or develop a new process. But as every project is unique 
with diverse goals, the development process can be designed differently 
for each project. For this project DMAIC-model and PDSA-cycle have 
been a foundation for the development process structure, but been 
slightly modified to be suitable for the aim of the project. The 
development process for this project has been design as followed: 
 

1. Planning and Preparation – a project plan is developed and 
background facts for different methodologies and systems are 
gathered. 

2. Current State Analyze – data collection and analysis of the process 
as it works today is performed. 

3. Concept Generation – concepts are generated to establish different 
possible solutions.  
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4. Concept Analyze and Selection – the concepts are analyzed and 
compared to each other and the best option is selected. 

5. Visualization of Concept – the selected concept is further 
developed and visualized. 

 
Using this development process has ensured quality of the project and 
also reliability and validity of the result.  
 
Lean principles have been used in this thesis project to understand and 
investigate the current state production and to generate beneficial 
concepts.  
 

- Go and See for Yourself (Genchi Genbutsu) has given the 
understanding for the production process steps. Manual 
observations, video studies and discussions with operators have 
given a deep insight in how it works. 

- Just-In-Time is considered in all concepts, for example; reduced 
transportation and waiting time for both products and operators, 
and well considered motion regarding ergonomics.  

- Visual Control is considered by inputting the magnet tester in the 
production process as an additional quality test. Also, the chosen 
process is sensitive to disturbances, which makes it easy to see 
where problems occur and must be fixed. It is easy to follow the 
process and additional manual visual control is desired. 

- Standardization is provided to achieve the cycle time of two 
minutes, which the production concept is designed to meet. It is 
achieved through well-known work tasks in each workstation 
and repeated work. 

- Level out the Workload has been considered by balancing the 
workstations in a preferable way to decrease the non value-
adding time in production. 

- The ergonomics in the new production concepts has been 
focused on Lean Ergonomics; to work in a regular rhythm, 
standing positions in the workstations, height adjustable 
workstations, ergonomically placed material and tools, and a 
safe environment.  
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The tools within the lean philosophy used in this thesis project are value 
stream mapping and fish-bone diagram. The value stream map was 
performed to get an overview of the entire production process and 
current bottlenecks, and the fish-bone diagram investigated possible 
disturbances factors in the production process, which have been 
important factors to consider when generating new concepts. 
 
Outcomes of the thesis are: 
 

- Mapping and analyze of current production state: The mapping of 
current production shows a production ability to keep a cycle 
time of 4 minutes which gives a capacity of 108 products per 
shift. Today the production plan is to produce 60 products per 
shift which only gives utilization of 55.55%. Recommendation for 
the company is to further investigate the disturbances factors 
and root causes of the low utilization. 

- Balancing of production line for the new product design: A new 
balancing of current production modified for the new product 
design. Can be implemented to produce the new products 
immediately without any larger investment cost or disturbances 
of production. 

- Automation solution: An automation solution has been suggested 
for workstation 1 where the fixed contacts are mounted on the 
terminal bars. The solution can be implemented in every concept 
that has been developed, and also in current production. 
Calculations have showed that an investment of the automation 
solution is economically defendable with an acceptable pay-off 
time. 

- New production concept: A new production concept has been 
developed to fit the new product design and with a high capacity 
to meet future demands. Results of the new concept is a cycle 
time of approximately two minutes, an value-added lead time of 
13.97 minutes for the entire production process, and a decrease of 
total value-added time by 26% compared to current production. 
The pay-off time for the investment is approximately two years if 
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no high increase of demand occurs, otherwise the pay-off time 
will be shorter.  

 
Recommendation for the company is to use concept 1 as a temporally 
solution for a fast implementation of the new product design or while 
the product volume demand remains in same level as today. Though, if 
capital is accessible for an investment the company should invest in 
concept 3 to have the production capacity and be prepared when the 
production demands increases.  
The automation solution should be implemented in each case due to the 
economically benefit and the decrease of current bottleneck. 
 
To solve the quality aspect of different materials for the GAF-products, 
kitting is recommended to use as long as the volumes remains at the 
same level as today. Kitting of the magnets and magnet holders for the 
GAF products is also recommended to keep an even cycle time when 
switching production to the GAF product types. If the volumes increases 
and kitting is showed to be resource demanding, solution of separate 
material shelves or pick to light should be further investigated. 
Further analysis if implementing concept 3 is to study solution to 
integrate the automation solution and the separate terminal bars for 
AF2650 so both are accessible and ergonomic healthy for workstation 2. 
The system to place the middle part on the base part should also be 
further investigated to ensure the middle part can be lifted without any 
ergonomically problems for the operators. 
 
This thesis project has been educational and interesting to perform. One 
of the difficulties in this thesis project was to estimating the savings for 
shorted lead time. That is why the estimated pay-off time for concept 3 
includes savings for labor cost, not shorted lead time.  
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Appendix 1 – Contactor Components 

  
 
1. Main terminals  

2. Moving contacts  

3. Fixed contact  

4. Coil  

5. Magnet  

6. Magnet  

7. Coil terminals  
 

 
 
 
 
 
 
 
 



 

Appendix 2 – Contactor Dimensions 

 
 
Product dimensions for the products: 

 

- GAF1650 

- GAF2050 

- AF1350 

- AF1650(T) 

- AF2050 

 
 



 

Appendix 3 – Contactor Dimensions AF2650 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix 4 – Production Volume 2011 

 
 

 

 

 

 

 

 

    
     The average production volume per week during year 2011. 
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Appendix 5 – AviX: Time Study 
 



 

Appendix 6 – AviX: Losses 



 

Appendix 7 – Process Steps 
AF1350-2050 (AF1650T)  

  
No. Assembly steps No./Contactor 

Time 
(min) Immediate Predecessor 

1 Mount fixed contacts on terminal bar 3 x 6 
3,22 none 

2 Place and mount terminal bars 6 
1,3 1 

3 Place and mount arc runners 
6 0,7 2 

4 Place arc chute 6 
0,22 3 

5 Place springs 3 
0,11 none 

6 Mount and place bridges 3 
1,26 4, 5 

7 Place middle part 1 
0,07 6 

8 Mount middle part 1 x 8 
0,72 7 

9 Mount magnet core and place on middle part 2 
0,56 none 

10 Place core holder 2 
0,22 9 

11 Mount core holder 2 x 4 
0,56 10 

12 Place coils 2 
0,19 11 

13 Place wear guards 3 
0,17 none 

14 Mount small circuit board 1 x 2 
0,4 none 

15 Mount large circuit board 1 
0,17 13 

16 Connect cabels from coils to large circuit board 2 x 2 
1,12 12, 15 

17 Mount terminal holder and terminal connection 1 + 2 
0,22 18 

18 Connect cables from small circuit board large circuit board 2 
0,19 14, 15 

19 Connect cables from small circuit board to terminal holder 2 0,19 17 

T Mount T-circuit board 1 
0,94 17 

20 Mount cable holder 1 
0,24 16, 19, (T) 

21 Mount and place armature assembly 2 
1,26 8, 20 

22 Mount shaft and circlip 1 + 1 
0,21 21 

23 Scan circuit board and serial number and applicate label 1 + 1 + 1 
0,17 22 

24 Place wear guards on cover and place cover 2 + 1 
0,25 23 

25 Mount cover 
1 x 4 0,36 24 

26 Mount auxiliary contact 
1 or 2 0,06 25 

27 Place wear guards for attachment 
4 0,3 none 

28 Place cover label 
1 0,12 26, 27 



 

  
Total: 14,56 

 

   
15,31 

 AF2650  

  No. Assembly Steps No./contactor Time(min) Immediate Predecessor 

X Place spacers and mount terminal bars and arc runners 6 + 6 + 6 
2,36 none 

4 Place arc chute 6 
0,22 3 

5 Place springs 3 
0,11 none 

6 Mount and place bridges 3 
1,26 4, 5 

7 Place middle part 1 
0,07 6 

8 Mount middle part 1 x 8 
0,72 7 

9 Mount magnet core and place on middle part 2 
0,56 none 

10 Place core holder 2 
0,22 9 

11 Mount core holder 2 x 4 
0,56 10 

12 Place coils 2 
0,19 11 

13 Place wear guards 3 
0,17 none 

14 Mount small circuit board 1 x 2 
0,4 none 

15 Mount large circuit board 1 
0,17 13 

16 Connect cabels from coils to large circuit board 2 x 2 
1,12 12, 15 

17 Mount terminal holder and terminal connection 1 + 2 
0,22 18 

18 Connect cables from small circuit board large circuit board 2 
0,19 14, 15 

19 Connect cables from small circuit board to terminal holder 2 0,19 17 

20 Mount cable holder 1 
0,24 16, 19 

21 Mount and place armature assembly 2 
1,26 8, 20 

22 Mount shaft and circlip 1 + 1 
0,21 21 

23 Scan circuit board and serial number and applicate label 1 + 1 + 1 
0,17 22 

24 Place wear guards on cover and place cover 2 + 1 
0,25 23 

25 Mount cover 
1 x 4 0,36 24 

26 Mount auxiliary contact 
1 or 2 0,06 25 

27 Place wear guards for attachment 
4 0,3 none 

28 Place cover label 
1 0,12 26, 27 

  
Total: 11,7 

   

  



 

GAF1650-2050 

No. Assembly steps No./Contactor Time(min) Immediate Predecessor 

1 Mount fixed contacts on terminal bar 3 x 6 
3,22 none 

2 Place and mount terminal bars 6 
1,3 1 

3 Place and mount arc runners 
6 0,7 2 

M Place magnet in magnet holder and mount on base part 8 
0,89 3 

4 Place arc chute 6 
0,22 3 

5 Place springs 3 
0,11 none 

6 Mount and place bridges 3 
1,26 4, 5 

7 Place middle part 1 
0,07 6 

8 Mount middle part 1 x 8 
0,72 7 

9 Mount magnet core and place on middle part 2 
0,56 none 

10 Place core holder 2 
0,22 9 

11 Mount core holder 2 x 4 
0,56 10 

12 Place coils 2 
0,19 11 

13 Place wear guards 3 
0,17 none 

14 Mount small circuit board 1 x 2 
0,4 none 

15 Mount large circuit board 1 
0,17 13 

16 Connect cabels from coils to large circuit board 2 x 2 
1,12 12, 15 

17 Mount terminal holder and terminal connection 1 + 2 
0,22 18 

18 Connect cables from small circuit board large circuit board 2 
0,19 14, 15 

19 Connect cables from small circuit board to terminal holder 2 0,19 17 

20 Mount cable holder 1 
0,24 16, 19 

21 Mount and place armature assembly 2 
1,26 8, 20 

22 Mount shaft and circlip 1 + 1 
0,21 21 

23 Scan circuit board and serial number and applicate label 1 + 1 + 1 
0,17 22 

24 Place wear guards on cover and place cover 2 + 1 
0,25 23 

25 Mount cover 
1 x 4 0,36 24 

26 Mount auxiliary contact 
1 or 2 0,06 25 

27 Place wear guards for attachment 
4 0,3 none 

28 Place cover label 
1 0,12 26, 27 

  
Total: 15,45 

 



 

Appendix 8 – Concept 1, Balancing 

 
AF1350-2050(T) 

  
AF2650 

   
GAF1650-2050 

 

           Station 
1 Workelement Time (min) 

     

Station 
1 Workelement 

Time 
(min) 

  1 3,22 

     
  1 3,22 

  Total: 3,22 

     
  Total: 3,22 

           Station 
2 Workelement Time (min) 

 
Station 2 Workelement 

Time 
(min) 

 

Station 
2 Workelement 

Time 
(min) 

  2 1,3 

 
  X 2,36 

 
  2 1,3 

  3 0,7 

 
  Total: 2,36 

 
  3 0,7 

  Total: 2 

     
  Total: 2 

           Station 
3 Workelement Time (min) 

 
Station 3 Workelement 

Time 
(min) 

 

Station 
3 Workelement 

Time 
(min) 

  4 0,22 

 
  4 0,22 

 
  M 0,89 

  5 0,11 

 
  5 0,11 

 
  4 0,22 

  6 1,26 

 
  6 1,26 

 
  5 0,11 

  27 0,3 

 
  27 0,3 

 
  6 1,26 

  7 0,07 

 
  7 0,07 

 
  27 0,3 

  Total: 1,96 

 
  Total: 1,96 

 
  7 0,07 

        
  Total: 2,85 

           Station 
4 Workelement Time (min) 

 
Station 4 Workelement 

Time 
(min) 

 

Station 
4 Workelement 

Time 
(min) 

  8 0,72 

 
  8 0,72 

 
  8 0,72 

  9 0,56 

 
  9 0,56 

 
  9 0,56 

  10 0,22 

 
  10 0,22 

 
  10 0,22 

  11 0,56 

 
  11 0,56 

 
  11 0,56 

  Total: 2,06 

 
  Total: 2,06 

 
  Total: 2,06 

 
 
 

          



 

Station 
5 Workelement Time (min) 

 
Station 5 Workelement 

Time 
(min) 

 

Station 
5 Workelement 

Time 
(min) 

  12 0,19 

 
  12 0,19 

 
  12 0,19 

  13 0,17 

 
  13 0,17 

 
  13 0,17 

  14 0,4 

 
  14 0,4 

 
  14 0,4 

  15 0,17 

 
  15 0,17 

 
  15 0,17 

  16 1,12 

 
  16 1,12 

 
  16 1,12 

  Total: 2,05 

 
  Total: 2,05 

 
  Total: 2,05 

           Station 
6 Workelement Time (min) 

 
Station 6 Workelement 

Time 
(min) 

 

Station 
6 Workelement 

Time 
(min) 

  17 0,22 

 
  17 0,22 

 
  17 0,22 

  18 0,19 

 
  18 0,19 

 
  18 0,19 

  19 0,19 

 
  19 0,19 

 
  19 0,19 

  20 0,24 

 
  20 0,24 

 
  20 0,24 

  21 1,26 

 
  21 1,26 

 
  21 1,26 

  T 0,94 

 
  Total: 2,1 

 
  Total: 2,1 

  Total: 2,1 (2,85) 

        

           Station 
7 Workelement Time (min) 

 
Station 7 Workelement 

Time 
(min) 

 

Station 
7 Workelement 

Time 
(min) 

  22 0,21 

 
  22 0,21 

 
  22 0,21 

  23 0,17 

 
  23 0,17 

 
  23 0,17 

  24 0,25 

 
  24 0,25 

 
  24 0,25 

  25 0,36 

 
  25 0,36 

 
  25 0,36 

  26 0,06 

 
  26 0,06 

 
  26 0,06 

  28 0,12 

 
  28 0,12 

 
  28 0,12 

  Total: 1,17 

 
  Total: 1,17 

 
  Total: 1,17 

      

        
Total value-add time: 

14.56 
(15.31)  

Total value-add time: 11,7 
 

Total value-add time: 15,45 

 
 



 

Appendix 9 – Concept  2, Balancing 
 

AF1350-2050(T) 
  

AF2650 
  

GAF1650-2050 
 

           
Station 1.1 Workelement Time (min) 

     

Station 
1.1 Workelement 

Time 
(min) 

  1 1,61 
     

  1 1,61 

  Total: 1,61 
     

  Total: 1,61 

           

Station 1.1 Workelement Time (min) 
     

Station 
1.1 Workelement 

Time 
(min) 

  1 1,61 
     

  1 1,61 

  Total: 1,61 
     

  Total: 1,61 

           

Station 2 Workelement Time (min) 
 

Station 
2 Workelement 

Time 
(min) 

 
Station 2 Workelement 

Time 
(min) 

  2 1,3 
 

  X 2,36 
 

  2 1,3 

  3 0,7 
 

  Total: 2,36 
 

  3 0,7 

  Total: 2 
     

  Total: 2 

           

Station 3 Workelement Time (min) 
 

Station 
3 Workelement 

Time 
(min) 

 
Station 3 Workelement 

Time 
(min) 

  4 0,22 
 

  4 0,22 
 

  M 0,89 

  5 0,11 
 

  5 0,11 
 

  4 0,22 

  6 1,26 
 

  6 1,26 
 

  5 0,11 

  27 0,3 
 

  27 0,3 
 

  6 1,26 

  Total: 1,89 
 

  7 0,07 
 

  27 0,3 

    
  Total: 1,96 

 
  7 0,07 

        
  Total: 2,85 

 
 
 
 
 
 
 
 

          



 

Station 4 Workelement Time (min) 
 

Station 
4 Workelement 

Time 
(min) 

 
Station 4 Workelement 

Time 
(min) 

  7 0,07 
 

  8 0,72 
 

  8 0,72 

  8 0,72 
 

  9 0,56 
 

  9 0,56 

  9 0,56 
 

  10 0,22 
 

  10 0,22 

  10 0,22 
 

  11 0,56 
 

  11 0,56 

  11 0,56 
 

  Total: 2,06 
 

  Total: 2,06 

  Total: 2,13 
        

           

Station 5 Workelement Time (min) 
 

Station 
5 Workelement 

Time 
(min) 

 
Station 5 Workelement 

Time 
(min) 

  12 0,19 
 

  12 0,19 
 

  12 0,19 

  13 0,17 
 

  13 0,17 
 

  13 0,17 

  14 0,4 
 

  14 0,4 
 

  14 0,4 

  15 0,17 
 

  15 0,17 
 

  15 0,17 

  16 1,12 
 

  16 1,12 
 

  16 1,12 

  Total: 2,05 
 

  Total: 2,05 
 

  Total: 2,05 

           

Station 6 Workelement Time (min) 
 

Station 
6 Workelement 

Time 
(min) 

 
Station 6 Workelement 

Time 
(min) 

  17 0,22 
 

  17 0,22 
 

  17 0,22 

  18 0,19 
 

  18 0,19 
 

  18 0,19 

  19 0,19 
 

  19 0,19 
 

  19 0,19 

  20 0,24 
 

  20 0,24 
 

  20 0,24 

  21 1,26 
 

  21 1,26 
 

  21 1,26 

  T 0,94 
 

  Total: 2,1 
 

  Total: 2,1 

  Total: 2,1 (2,85) 
         

 
 
 
 
 
 
 
 
 
 

          



 

Station 7 Workelement Time (min) 
 

Station 
7 Workelement 

Time 
(min) 

 
Station 7 Workelement 

Time 
(min) 

  22 0,21 
 

  22 0,21 
 

  22 0,21 

  23 0,17 
 

  23 0,17 
 

  23 0,17 

  24 0,25 
 

  24 0,25 
 

  24 0,25 

  25 0,36 
 

  25 0,36 
 

  25 0,36 

  26 0,06 
 

  26 0,06 
 

  26 0,06 

  28 0,12 
 

  28 0,12 
 

  28 0,12 

  Total: 1,17 
 

  Total: 1,17 
 

  Total: 1,17 

      
        

Total value-add time: 
14.56 

(15.31)  
Total value-add time: 11,7 

 
Total value-add time: 15,45 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 



 

Appendix 10 – Concept 3, Balancing 
 

AF1350-2050(T) 
  

AF2650 
  

GAF1650-2050 
 

           Station 
1.1 Workelement Time (min) 

     

Station 
1.1 Workelement 

Time 
(min) 

  1 1,61 
     

  1 1,61 

  Total: 1.61 
     

  Total: 1,61 

           Station 
1.2 Workelement Time (min) 

     

Station 
1.2 Workelement 

Time 
(min) 

  1 1,61 
     

  1 1,61 

  Total: 1.61 
     

  Total: 1,61 

           

Station 2 Workelement Time (min) 
 

Station 
2 Workelement 

Time 
(min) 

 
Station 2 Workelement 

Time 
(min) 

  2 1,3 
 

  X 2,36 
 

  2 1,3 

  3 0,7 
 

  Total: 2,36 
 

  3 0,7 

  Total: 2 
 

  
   

  Total: 2 

           

Station 3 Workelement Time (min) 
 

Station 
3 Workelement 

Time 
(min) 

 
Station 3 Workelement 

Time 
(min) 

  4 0,22 
 

  4 0,22 
 

  M 0,89 

  5 0,11 
 

  5 0,11 
 

  4 0,22 

  6 1,26 
 

  6 1,26 
 

  5 0,11 

  27 0,3 
 

  27 0,3 
 

  6 1,26 

  Total: 1,89 
 

  Total: 1,89 
 

  27 0,3 

        
  Total: 2,78 

 
 
 
 
 
 
 
 
 
 
 

          



 

Station 4 Workelement Time (min) 
 

Station 
4 Workelement 

Time 
(min) 

 
Station 4 Workelement 

Time 
(min) 

  9 0,56 
 

  9 0,56 
 

  9 0,56 

  10 0,22 
 

  10 0,22 
 

  10 0,22 

  11 0,56 
 

  11 0,56 
 

  11 0,56 

  12 0,19 
 

  12 0,19 
 

  12 0,19 

  13 0,17 
 

  13 0,17 
 

  13 0,17 

  14 0,4 
 

  14 0,4 
 

  14 0,4 

  Total: 2,1 
 

  Total: 2,1 
 

  Total: 2,1 

           

Station 5 Workelement Time (min) 
 

Station 
5 Workelement 

Time 
(min) 

 
Station 5 Workelement 

Time 
(min) 

  15 0,17 
 

  15 0,17 
 

  15 0,17 

  16 1,12 
 

  16 1,12 
 

  16 1,12 

  17 0,22 
 

  17 0,22 
 

  17 0,22 

  18 0,19 
 

  18 0,19 
 

  18 0,19 

  19 0,19 
 

  19 0,19 
 

  19 0,19 

  20 0,24 
 

  20 0,24 
 

  20 0,24 

  T 0,94 
 

  Total: 2,13 
 

  Total: 2,13 

  Total: 2,13 (2,88) 
        

           

Station 6 Workelement Time (min) 
 

Station 
6 Workelement 

Time 
(min) 

 
Station 6 Workelement 

Time 
(min) 

  7 0,07 
 

  7 0,07 
 

  7 0,07 

  8 0,72 
 

  8 0,72 
 

  8 0,72 

  21 1,26 
 

  21 1,26 
 

  21 1,26 

  Total: 2,05 
 

  Total: 2,05 
 

  Total: 2,05 

  
 
 
 
 
 
 
 
 
 
 
     

 
      

 
      



 

Station 7 Workelement Time (min) 
 

Station 
7 Workelement 

Time 
(min) 

 
Station 7 Workelement 

Time 
(min) 

  22 0,21 
 

  22 0,21 
 

  22 0,21 

  23 0,17 
 

  23 0,17 
 

  23 0,17 

  24 0,25 
 

  24 0,25 
 

  24 0,25 

  25 0,36 
 

  25 0,36 
 

  25 0,36 

  26 0,06 
 

  26 0,06 
 

  26 0,06 

  28 0,12 
 

  28 0,12 
 

  28 0,12 

  Total: 1,17 
 

  Total: 1,17 
 

  Total: 1,17 

           
Total value-added time: 

14.56 
(15.31)  

Total value-added time: 11,7 
 

Total value-added time: 15,45 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix 11 – FMEA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix 12 – Business Plan 2011-2015 

 
 

 A2011 F2012 F2013 F2014 F2015 

AF1350 3 953 4 430 5 335 6 303 7 389 

AF1650 7 055 7 906 9 521 11 249 13 188 

GAF1650 10 11 13 16 19 

AF2050 1 580 1 771 2 132 2 519 2 953 

GAF2050 4 4 5 6 7 

AF2650 0 25 200 220 242 

      
Total: 12 602 14 147 17 206 20 313 23 798 

Daily demand: 50 56 68 80 94 


