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ABSTRACT  

 

In order to create a machining line layout that supports the principles of lean a systematic 

approach is needed to ensure that a wide range of factors are taken into consideration. Despite 

this, many companies today design new layouts mainly considering delivery times of machines 

and equipment, and available space in the factory.  A combined literature and case study has 

aimed to identify the most important factors in a lean line layout and a supporting structure to 

apply these in the design or redesign of automated machining lines.  

 

Highly automated machining environments mainly distinguish themselves from the more 

thoroughly studied area of assembly line layouts in two ways. Primarily, automated machining 

lines separate the operator from the actual processing, making line balancing and productivity 

less dependent on the workstation design around the operator. Secondly, automated machining 

lines often involve a higher level of complexity, leading to a more comprehensive work load, 

requiring longer training times but also offering less repetitive assignments. Automation offers 

improved productivity, quality and ergonomics, but if the acquisition and allocation of 

automation is not substantiated by a well-developed strategy, automation risks contradicting 

lean principles by creating a more complex, rigid layout that places the machines in the center 

instead of the workers. 

 

Factors that are important in the design of the typically less automated assembly lines, such as 

minimizing the walking distance of the operator and rotating stations to provide meaningful 

work assignments, must in an automated machining environment give way to factors like 

visualization, material flow and maintenance. Visualizing a factory helps operators and 

managers learn and understand the factory better. Problems can be detected and corrected faster 

and disturbances in production can thus be reduced. A good material flow is straight with no 

intersecting flows, triggered by downstream demand and reduces unnecessary buffers and WIP 

that bind up capital and consume space. Finally, since the machines rather than the operators 

produce, a good maintenance is required to avoid unplanned stops.  

 

The value of teamwork and humans in production which are strongly advocated within lean 

remain important also in automated machining lines but acquires a new content compared to 

assembly lines. Teamwork in automated machining environments occur within a group of lines 

rather than in a single line and it is a major factor when it comes to competence development, 

production planning and worker satisfaction. While teamwork in assembly lines works to 

balance the production flow within the line, teamwork in automated machining lines has little 

or no effect on the line balancing. However, joint efforts in setups and in case of machine 

failures or worker absence help increasing productivity, and potentially smooth the production 

at the plant in its entirety.  

 

The empirical studies showed that there is no standardized way of working with machining line 

layout design and redesign, and factors considered were often coincidental and dependent on 

the functions and priorities of the participants at different layout meeting. To ensure that all 

factors are taken into consideration a supporting tool where the most important factors were 

divided into ten categories was developed. Layouts are evaluated and rated on one category at a 

time to support a systematic way of working. Ongoing discussions, adjustments and 

improvements to better comply with the factors are encouraged.  

 

Keywords; Lean, machining line layout, teamwork, visualization, automation 
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SAMMANFATTNING 

 

För att utforma en maskinbearbetningslinje som stödjer principerna inom lean krävs ett 

systematiskt tillvägagångssätt för att säkerställa hänsyn till ett brett spektrum av faktorer. Trots 

detta designar många tillverkande företag idag sina layouter med huvudsaklig hänsyn till 

leveranstider på maskiner och utrustning, samt tillgängligt utrymme i fabrikslokalen. En 

kombinerad litteratur- och fallstudie har syftat till att identifiera de viktigaste faktorerna i en 

lean layout, samt en stödjande arbetsstruktur för att tillämpa dessa vid utformning eller 

omformning av automatiserade maskinbearbetningslinjer.  

  

Högautomatiserade bearbetningsmiljöer utmärker sig främst från de mer välstuderade 

monteringslinjerna på två sätt. Först och främst separerar automationen operatörerna från själva 

bearbetningen, vilket gör balansering och produktiviteten i linjerna mindre beroende av 

arbetsplatsutformningen. För det andra leder automatiserad bearbetning till ett mer omfattande 

arbetsinnehåll, vilket i sin tur kräver längre upplärningstider men även mindre repetitiva 

arbetsuppgifter. Automation erbjuder högre produktivitet, kvalitet och ergonomi men om 

införskaffandet och placeringen av automation inte baseras på en välutvecklad strategi riskerar 

automation att motsäga principerna inom lean genom att skapa en mer komplex och rigorös 

planlösningar som placerar maskinerna i centrum i stället för människorna. Viktiga faktorer i 

utformningen av de typiskt sett mindre automatiserade monteringslinjerna, såsom att minimera 

gångavståndet för operatörerna och rotation av stationer för att skapa mer meningsfulla 

arbetsuppgifter, måste i en automatiserad bearbetningsmiljö stå tillbaka för faktorer som 

visualisering, materialflöde och underhåll. Att visualisera en fabrik hjälper operatörer och 

chefer att förstå fabriken bättre. Problem kan också upptäckas och rättas till snabbare och 

störningar i produktionen kan på så vis reduceras. Ett bra materialflöde är rakt och utan 

korsande flöden, triggas av behov i efterföljande processer och reducerar onödiga buffrar och 

PIA som binder upp kapital och tar upp yta. Slutligen, då det är maskinerna snarare än 

operatörerna som genererar värde för produkterna, krävs ett bra underhåll av maskinerna för att 

undvika oplanerade stopp.  

  

Samarbete och hänsyn till människor i produktion, som starkt förespråkas inom lean, är fortsatt 

viktiga i högautomatiserade bearbetningslinjer men omständigheterna skiljer sig gentemot de i 

monteringslinjer. Samarbete i en automatiserad bearbetningsmiljö sker mellan flera olika 

bearbetningslinjer, till skillnad från i en monteringsmiljö där samarbetet sker inom en enda 

linje, vilket har stor betydelse för kompetensutveckling, produktionsplanering och arbetstrivsel. 

Till skillnad från i monteringslinjer, där samarbete bidrar till linjebalanseringen, har samarbete 

i bearbetningslinjer liten till ingen inverkan på den enskilda linjebalanseringen. Däremot bidrar 

gemensamma insatser vid ställ, frånvaro eller maskinstopp till högre produktivitet och möjligen 

till att jämna ut produktionen i en fabrik som helhet.  

 

De empiriska studierna visade att det saknas ett standardiserat arbetssätt för utformning och 

omformning av bearbetningslinjer, och vilka faktorer som behandlades var ofta slumpmässiga 

och beroende av vilka funktioner och prioriteringar deltagarna på olika layoutmöten hade. För 

att försäkra att samtliga faktorer beaktas utformades ett stödverktyg där de viktigaste faktorerna 

delats upp i tio kategorier. Layouter utvärderas och betygssätts på en kategori åt gången för att 

stötta ett systematiskt arbetssätt. Verktyget syftade även till att uppmuntra diskussioner, 

justeringar och förbättringar för att bättre uppfylla de olika faktorerna. 
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1 INTRODUCTION 
 

This chapter presents the background and problem area of the thesis as well as detailing the 

purpose and delimitations of the work.  

 

1.1 Background 
Today, companies are facing an increasing global competition, with threats of outsourcing and 

off-shoring to other, low-cost countries (Säfsten et al., 2007) and to achieve product leadership, 

the maintaining and strengthening of the own manufacturing ability is critical (Chen et al., 

2010).  To stay competitive, businesses constantly need to improve productivity (Xu, 2000), 

but is no longer sufficient to simply produce high-quality products at low cost; the production 

systems also need to allow for rapid and cost-effective response to market changes, product 

changes and system failures (Koren and Shpitalni, 2010).   This forces companies to evaluate 

their current production system to remain in business as well as to explore new possibilities 

(Bellgran and Säfsten, 2005). Many companies respond to this business environment by 

implementing Lean production, which is focused around reducing waste; and more specifically 

the eight wastes Overproduction, Waiting, Transportation, Over Processing, Excess Inventory, 

Defects, Excess Motion and Underutilization of People (both mentally, creatively and 

physically).  

 

At the same time as more companies adopt lean production to their business in order to stay 

competitive, the use of automation is growing in industry. Though automation is a proven tool 

to achieve productivity improvements (Groover, 2008) and has long been accepted as a method 

for improving quality, performance and efficiency (Granlund et al., 2012) it is frequently 

discussed in the literature whether both manufacturing approaches can work together in 

harmony.  

 

In lean production, the aim is to arrange physical equipment in a way that contributes to the 

overall efficiency of operations (Zhenyuan et al., 2011). How space is managed is a 

fundamental part in in how people think, plan, and behave (Kirsh, 1993); thus a central element 

in shaping the world which constrains and guides workers. In cellular manufacturing, which 

originates in lean production, grouping of machines and parts are not the only requirement; but 

also the grouping of people and tasks (Bazargan-Larin and Kaebernick, 1997). When it comes 

to grouping of people, focus in modern manufacturing practices is said to be based around 

teamwork (Bikfalvi, 2010). Teamwork is found to be a key factor for improvement of business 

performances (Isa and Tsuru, 2002) and thus a strong competitive factor and is consequently 

progressively used as workplace practice (Bikfalvi, 2010).  

 

The layout is known to have a great impact on the system performance (Drira et al., 2007) and 

a well prepared environment facilitates the accomplishments of different tasks and often brings 

the time and memory demands of our tasks down to workable levels (Kirsh, 1993). A smart 

layout supports good communication and flow of information, and a visual factory can help 

reduce or even eliminate the eight wastes defined within lean and thereby create a much more 

productive and profitable company (Ortiz and Park, 2011). Ortiz and Park (2011) mean that the 

accidents or near misses in manufacturing come in forms of nonconforming products, late 

deliveries, and cost overturns and that the need for timely information together with desired 

human behavior is critical to the competitive survival of a manufacturing operation. 
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1.2 Problem Area  
While facility layout has been the key research area of the industrial engineering domain (Sahin 

and Türkbey, 2008), the machine layout, referring to the allocation of machines within a cell 

(intra-cell layout) and in relation to adjacent cells (inter-cell layout), has only been discussed to 

a limited extent (Bazargan-Larin and Kaebernick, 1997). While there is a large amount of 

research on the intra-cell layout in the assembly area, there is a lack of literature on automated 

machining line layout; even though automation is heavily used in today’s manufacturing (Ortiz 

and Park, 2011). Studies that do exist in the field of machining line layout are mostly 

concerned with proposing a mathematical programming model to minimize the number of 

intercellular movements, cost related objective functions or sometimes the machine/load 

utilization (Papaioannou and Wilson, 2009). However, one of the major problems with such 

models is that they separate different aspects to simplify the model, (Ho and Moodie, 2000) 

which leads to an inadequate holistic view and the risk of sub-optimizations. Moreover, 

evaluating criteria are often qualitative, which are subjective and cannot be compared easily 

(Francis and White 1974 and Banerjee, 1990 cited in Ho and Moodie, 2000). 

 

The layout’s great impact on a systems performance is well known but companies still often 

position machines and departments based on available space rather than the optimal location, 

which hampers the long term goal and results in unnecessary motion, transportation and 

lacking visibility (Ortiz and Park, 2011). A better understanding of factors such as visualization 

(Kirsh, 1993) and what influences teamwork, combined with relevant knowledge on how to 

apply these (Delarue et al., 2007; Procter and Burridge, 2008) could be an important step 

towards a production layout that promotes quality, productivity and employee satisfaction 

(Bikfalvi, 2010).  

 

The task of selecting a suitable production layout is challenging (Zhenyuan et al., 2011), but 

despite knowledge of the benefits and importance of a holistic approach in layout contexts, it is 

found to be a lack of literature addressing other aspects than minimizing distance and optimize 

flow paths. There is a need for a more realistic approach which takes not only parts and 

machines but also tools and workers into account (Säfsten et al., 2007). There is also a need to 

identify not just which aspects to consider in a holistic approach to a new layout, but also to 

identify which of these aspects are considered most important and how to manage these in the 

work towards an optimal layout.   

 

1.3  Aim and Research Questions 
The aim of this thesis is to develop a tool that supports the design of lean machining line 

layouts in highly automated environments. 

 

In order to fulfill the research aim, three research questions have been formulated: 

 

RQ1: What are important to consider when designing lean machining line layouts in highly 

automated areas? 

 

RQ2: How can elements of machining line layouts in highly automated environments be 

designed to support what is important to consider in these lines?  

 

RQ3: How can consideration to important elements be ensured in the design of lean machining 

line layouts in highly automated environments? 
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1.4 Delimitations 
This thesis is limited to investigate production line layout in the area of automated machining 

lines. Layout theories and practices from the more thoroughly studied area of assembly may 

however be regarded in this study when considered applicable for automated machining lines. 

Cellular manufacturing is at the foundation of this work and other kinds of production layouts 

such as functional layouts or single product lines will not be considered.   

 

Though layout on a facility level is outside the scope of this research, attention to line layout in 

accordance to support interaction between adjacent lines will be made. In optimizing the flow 

of products in relation to required travel distance, the distance to get parts to specific machines 

within a line will be considered but not the movement within machines and robot cells. Neither 

will the required travel distance of parts within the production facility as a whole be examined. 

Besides optimizing the flow of products in relation to travel distance, aspects of teamwork, 

visualization and productivity are the focus of this thesis. Specific batch size levels, work 

schedules and process planning are however not within the frame of this work. 

 

The work will be conducted over a 20 week period including theoretical studies, company 

visits and a case study at the Swedish manufacturing company Volvo Group Trucks Operations 

(GTO) in Köping (also referred to as Volvo and the case company).   

 



12 (82) 

2  RESEARCH METHOD 
 

This chapter details the method used when conducting the thesis. 

 

2.1 Research Approach 
In science studies there are three approaches to relate general theories and empirics. These are 

inductive, deductive, and abductive. The inductive approach makes broad generalizations from 

specific observations, while the opposite, the deductive approach, starts out with a general 

statement and verifies the observations based on the theories. The third approach, the 

abductive, moves between the different levels of abstraction and is based on making and testing 

hypotheses using the best information available. (Björklund and Paulsson, 2012) 

 

The inductive approach requires a large amount of observations in order to draw relevant 

generalizations. In this thesis, a deductive approach is chosen because it is less time consuming 

than the collection of the large amount of empirical research that an inductive approach would 

require.  Primarily, a framework of aspects related to machine layout in automated 

environments was created.   After that, a case study was performed at a production plant of a 

Swedish company in the automotive industry. A case study is especially suitable for 

researchers working independently as it allows for in-depth studies of a delimited problem area 

during a limited time frame (Bell, 2006). Beside the case study, reality was also studied 

through several visits at companies with similar production characteristics. The choice of 

empirical research was motivated by the opportunity to compare and verify theoretical 

information with practical implementations. The approach was also chosen in order to possibly 

find other aspects important to consider in the layout of a machining lines in highly automated 

areas than those found in literature. The use of a case study and the additional company visits 

also aimed to give the authors practical examples of how companies plan their layout in 

relation to important factors and investigate how consideration to these can be ensured; and 

thus seeking to answer the research questions stated in “1.3 Aim and research questions”.   

 

The primary method for gathering data and generate an understanding for the problems during 

company visits and at the case company was through interviews. Observations, the use of 

surveys, attendance at meetings and involvement in layout groups were other ways in which 

information and data was collected at the case company.  How the mentioned 

activities/methods were performed and managed as well as other aspects related to the choice 

of method will be further described in the following paragraphs of this chapter.  

2.1.1 Qualitative and Quantitative Data 

Quantitative data include information which can be measured or calculated, e.g. mathematical 

models, while qualitative data can create a deeper understanding for a specific phenomenon, 

but offer less opportunities for generalizations (Björklund and Paulsson, 2012).  In this study, 

qualitative data was  gathered as a profound understanding of which aspects to consider in the 

work of a new machining line layout were sought, and enabled not just an understanding of 

different aspects to consider but also their impact on work and workers.   The gathering of 

qualitative data was made through interviews both at the case company and at several company 

visits. 

 

As quantitative data enables conclusions to be drawn on relations between different phenomena 

(Lantz, 2013), quantitative data were gathered to further analyze interview results. This 

approach enabled a general picture of which aspects to consider when designing a new 



13 (82) 

machining line, as well as to indicate which aspects were generally considered most important 

at the case company. To gather the quantitative data, a weighing survey was set out to previous 

interviewers, as well as to several operators, area managers and production managers in the 

machining area, representatives of safety, maintenance, work place organization (WPO), Lean 

coaches, Volvo Production System (VPS) coaches, project leaders, and support personnel 

involved in the making of the new machining area layout, steering committee representatives 

and higher management such as the director of operative technical support, the department 

manager, the director of industrial engineering, and the director of production  at the case 

company. 

2.1.2 Secondary and Primary Data Gathering 

There are two different kinds of data, secondary and primary data. Secondary data can be 

literature or presentations while primary data are collected specifically for the study and can be 

gathered through for example interviews or surveys. It is important to consider that secondary 

data was written with another purpose than for the present study. (Björklund and Paulsson, 

2012)  

 
In terms of secondary data, a frame of reference was created by scanning for relevant 

information amongst existing literature. The purpose of the literature study was to map existing 

knowledge and identify current trends in the area of machining line layouts and methods to 

achieve an optimal layout. The library as well as several databases were used for this purpose. 

As primary data gathering, several interviews have been conducted at the case company as well 

as with other companies visited during the research. Several meetings have also been attended 

to at the case company.  

2.1.3 Structured, Semi structured and Unstructured Interviews 

A critical approach is the foundation for all interviewers and skilled ones are curious in the 

sense of inquiring, searching and re-evaluating personal mental models, principles and 

approaches. A well performed interview enables results that are adequately reliable and valid to 

be useful and accessible to others.  (Lantz, 2013) 

 

Interviews can be structured in different ways, from fully structured, such as surveys, to 

completely unstructured (Bell, 2006). In the structured interviews, it is assumed that the 

phenomenon is known and questions are formulated to capture the respondents’ perception or 

experience of already decided concepts and phenomena (Lantz, 2013). Questions are decided in 

advance and mostly delivered in the same order (Longhurst, 2010). In the more unstructured 

interview forms, the respondents freely describe their perception of a phenomenon and 

understanding for people’s subjective experiences can be reached (Lantz, 2013). Therefore, the 

conversation is directed by the respondent rather than by a set of questions. The semi structured 

interview is found in the middle and though it is supported by predetermined questions, it is 

characterized by a conversational manner allowing participants to change order of questions 

and explore issues they have found to be important (Longhurst, 2010). 

 

Interviews in this research, both at the case company and at company visits have been semi-

structured. Through analysis of this form of interview data, conclusions based on qualitative 

data, can be made and a greater understanding of new phenomena can be found (Lantz, 2013). 

In general, the more open or unstructured interview forms will generate varying definitions of 

phenomena or concepts, thus making the comparison between individuals, which is necessary 
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for quantitative conclusions, difficult or even impossible. To enable quantitative conclusions to 

be made, a more structured interview form where all alternative answers are the same for all 

respondents can be used (Lantz, 2013); thus the use of a semi structured interview approach 

followed by a final use of a survey at the case company. 

 

2.2  Research Process and Events 
The empirical base of the thesis is primarily a normative case study performed at, and in 

collaboration with, a highly automated Swedish manufacturing company in the automotive 

industry.  

 

As illustrated in Figure 2-1 below, a literature study was initially performed in order to create a 

frame of reference based on existing literature. Empirical data was gathered through interviews, 

observations and meetings. These events are further detailed below. All qualitative data was 

then analyzed and compiled into categories to finally be compared to the theories derived from 

the literature study. Finally, a weighing of the factors was made at the case company to make 

generalizations to support the development of a tool for evaluation of different layout concepts. 

  

 

 
Figure 2-1 Illustration of the research process 

 

Research Process 
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2.2.1 Literature Review 

The theory is mapped out using literature studies in the subjects of visual maintenance, cell 

formation, machine layout, teamwork, automation and lean production. The purpose of the 

literature study is to map existing knowledge and identify current trends in the area of 

machining line layouts and methods to achieve an optimal layout. The literature is found 

through internet searches in databases such as Discovery and Google Scholar. Further literature 

is obtained by recommendations from tutors, researchers in the area and from lists of references 

in related thesis reports. The use of multiple sources for finding articles, and journals are 

recommended and often needed) and as illustrated in Figure 2.2, it can help reveal a more 

accurate and comprehensive picture of the search area (Meho and Yang, 2007). 

 

 
Figure 2-2 Distribution of unique and overlapping citations in databases, based on Meho and Yang (2007) 

 

In a literature study there should be no extensive use of intentional sources or solely use 

sources which support certain beliefs or hypotheses; the goal is to obtain a balanced selection 

of literature (Bell, 2006). Therefore literature supporting different viewpoints is used in this 

thesis. 

2.2.2 Case Study 

The company was selected based on its interest in reassessing the current production layout. 

The case company’s production is characterized by a high level of automation and a vertical 

production layout, which means that one operator handles several machines and mostly an 

entire line. At the time of study, there were 225 white collar workers and 1160 blue collar 

workers employed at the manufacturing plant. In 2013, the plant delivered 90 000 final 

assembled products and had a turnover of 1, 3 billion SEK. 

 

In connection with an upcoming capacity step, the plant will undergo a re-making of their 

production layout. In the first step, focus is on the machining area and includes the introduction 

of new machines and automation, re-building and building of new lines as well as relocations 

of production cells. During the planning of this, the thesis was performed at the company. The 

company has divided the project into three levels; Macro level - dealing with the layout on a 

plant facility level, Midi level – referring to the allocation of lines within a block (inter-cell 

layout) and Micro level – which addresses the layout within one line (intra-cell layout). This 
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thesis is concerned with the micro and midi levels in the machining area, including the 

processing steps just before and after the quenching.  

 

The thesis was performed over a 20 week period and approximately 80-85% of the time 

dedicated to the thesis was spent at the case company, including the time spent on the literature 

review. 

 

Interviews 

36 interviews were conducted at the company, each with the duration of 45-90 minutes.  The 

interviews were held with workers ranging from operators to high management, and a list of all 

interviewees is provided in Table 2-1 below. Interviews with operators varied in terms of the 

operators’ age, gender, experience level, and in what type of production cell they worked in to 

provide a wide range of different views. The choice of interviewing workers from ranging 

areas at the case company was to enable a general and broad view of the manufacturing, 

including the opinions of people involved in daily operations as well as the more long term 

visions of the production (mainly expressed by different managers). These interviews aimed to 

identify which factors influence the performance on the machining lines and subsequently 

create a base for weighting the importance of each factor. The interviews covered topics such 

as organizational goals and visions, structures and routines for everyday work and 

improvement work and finally the past, current and desired future way of working in 

machining lines. In order to create a safe environment and encourage interviewees to speak 

freely and thereby prevent beautification of the company, all interviewees were informed of 

their anonymity in the study. To make interviewees as comfortable as possible, the interviews 

were to the highest degree performed at the respondent’s workplace. 

 
Table 2-1 List of interview respondents at Volvo 

INTERVIEW RESPONDENTS No. 

Director, Operative Technical Support 1 

Department Manager, Industrial Strategies  1 

Director Industrial Engineering   1 

Director of Production 1 

Department Manager  3 

VPS Coach 1 

Production Engineer  1 

WPO Coach 1 

Safety and Security 1 

Manager 1 

Industrial Engineer, Project Manager  1 

Area Manager 2 

Area Manager OTS (Operative Technical Support), Maintenance 2 

Project Manager  1 

Department Manager, Logistics Development 1 

Local Safety Pillar Owner, Lean 1 

Industrial Strategies, Project Manager 1 

Operators 15 

Total amount of interviews  36 

 

The list above includes department managers in charge of different kinds of production lines, 

and members of the steering committee. Discussions have also been made with a site layout 
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manager and two pre-production engineers at the case company and several of the above 

mentioned have had continuous contact with the authors after the interview.  

 

Meetings 

An average of 2 meetings per week has been attended to in order to create a deeper 

understanding of the daily operations and development processes of the company. Within 

these, observations of regular weekly meetings with the heads of departments are included as 

well as active participation in layout discussions and insight and participation in the machine 

acquisition process. Active participation in layout meetings included the presentation of 

ongoing literature and empirical findings, highlighting of identified factors to consider in the 

layout work as well as questioning, developing and evaluating layout proposals. The authors 

also contributed with knowledge and experience of creative tools and methods for generating 

ideas and developing concepts. As an example, which is illustrated in Appendix 1, this was 

made by supporting the layout group with colored, laminated machines of which different 

layouts easily could be built and discussed. In Appendix 2, different layouts drawn by the 

authors using AutoCAD Mechanical 2012, and brought to the meetings in order to show new 

ideas, break old ways of thinking, and rise discussions can also be found. Active participation 

in a Lean Machining project group has also been made; where advise- and follow-up meetings 

for the purpose of the thesis have been scheduled every other week as well as ongoing results 

and findings have been presented and distributed. For instance, interview questions were 

worked with and discussed with the Lean Machining group, contact to possible interview 

respondents was shared, and feedback was given in the making of the evaluation tool.  

 

Survey 

The purpose of a survey is to have a large amount of people answering the same question(s) to 

enable the researcher not just to describe, but also compare answers, relate different 

characteristics and categorize results in altered ways (Bell, 2006). In this thesis, the survey also 

served the purpose of laying a foundation on which a tool for analyzing layout proposals at the 

case company could be made.  

 

Drawing on the interviews, important factors to consider when designing a new machining line 

layout translated into 82 machine layout statements. The list, which can be viewed in Appendix 

3, was sent out to both white- and blue collar workers at the plant and the respondents were 

asked to rate to what degree the statements were important. The scale went from 0 - Not 

important to 1 - Somewhat important, 2 - Quite important, 3 - Very important and finally 4 -

Requirement with the additional possibility to answer X - No opinion/Don´t know to ensure 

that random responses due to lack of knowledge did not affect the results. The respondents 

were also asked to fill in gender, and amount of years working at the case company or with 

similar production. The survey was sent out in two rounds, the first to 40 white collar workers 

and the second was forwarded via the production managers to all operators in the department as 

well as placed in different break areas. 19 replies from white collar workers and 23 replies from 

operators were received, of which a strong majority, 53-82 % (depending on the gender and 

experience of those who chose not to specify this) of the respondents were men who had 

worked at the company for at least five years. More statistic and distribution of responses can 

be viewed in Appendix 3. The responses were used to calculate the average opinion of white 

collar and blue collar workers respectively, as well as a total average. Finally, the gathered data 

was used as support when developing the analyzing tool.  
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Documents 

Throughout the work at the case company the authors had access to former, current and future 

plant layout drawings. Meeting protocols, Lean-Machining vision, Logistic vision, time plan 

for projects, budgets, machine acquisition documents and plant evaluation result documents 

(RPA – Rapid Plant Evaluation) were also made available. At time of study, there was a travel 

prohibition and therefore plants outside Sweden could not be visited and the possibility to 

travel within Sweden was limited. However, reports and documentations from recent plant 

visits in Germany and Sweden conducted for benchmark purposes by a group within the Lean 

Machining group at the case company were accessible and have been studied. 

2.2.3 Benchmarking  

Company visits were conducted at three other manufacturing companies, most of them 

characterized by high automation, with the purpose of creating a benchmark for comparison 

and to generate a wider understanding of production in reality. Interviews and questions were 

focused around the purpose and effectiveness of the current layout, strategies in machining 

layout and visions for the future. The most important factors to consider in the making of a new 

layout in machining area were sought as well as how and if the layout is made in regards to 

these factors.  

 

Company A is a global company which manufactures specialized products and solutions for 

heavy industry. The visit took place in one of their Swedish manufacturing plants and included 

a 1-hour interview with a lean, six sigma black belt, quality & environment project manager 

with main focus on their recent redesign of a production cell. The plant has currently 50 blue 

collars and 170 white collars, and had a turnover of 0.5 billion SEK in year 2013.  

 

Company B is a small part of a global company operating in power and automation technology 

areas. A Swedish manufacturing plant was visited where a 2 hour combined interview and 

round tour of the production facility with a production manager took place. Due a complex 

organizational structure and a high amount of temporarily workforce to cope with constant 

volume fluctuations, turnover and worker distribution could not be determined. 

 

Company C is a global manufacturing company in the automotive business. The 2 hour visit 

took place in a Swedish manufacturing plant and included interview and round tour of the 

production facility with a production engineer manager.  The manufacturing plant is currently 

employing 649 blue collars and 222 white collars and in 2013 the plant had a turnover of 2, 18 

billion SEK.  

http://en.wikipedia.org/wiki/Heavy_industry
http://en.wikipedia.org/wiki/Heavy_industry
http://en.wikipedia.org/wiki/Motive_power
http://en.wikipedia.org/wiki/Automation
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2.2.4 Analysis of Gathered Data  

The general aim of the data gathering has been to indiscriminately collect as many factors and 

opinions as possible regarding the design of machining line layouts in highly automated areas. 

To avoid that results were affected by personal bias, the survey included all factors identified in 

interviews, benchmarking visits, and literature, instead of just a selection of factors. Thereafter, 

each factor was sorted into a suitable category and analyzed in terms of median and average 

perception of importance firstly among white collars and blue collars separately and then in the 

two groups combined. The survey results were imported to a Microsoft Excel document, where 

color coding was used to visualize different degrees of importance-ratings to help see trends 

and deviations clearly. It was of interest to see where opinions of white and blue collar workers 

coincided or differed since it can indicate the level of communication and shared vision 

between different levels at the company.  The distribution of the perceived importance of each 

factor combined with comments left by respondents on the survey, were studied to give an 

indication of the clarity of statements. The amount of importance-rating four in the survey was 

counted separately to see what factors most people considered crucial to the layout.   

 

The results in the weighing survey were also analyzed in respect to the RPA previously 

performed at the case company. It was of interest to see if low scores could be a result of 

specific factors being rated as low-importance in the survey, if aspects where considered 

important but still gained low scores in the RPA which can suggest poor support in the layout, 

or if low scores in the RPA was given to factors perceived as important by either blue or white 

collars which can indicate poor communications between organization levels. The weighing 

was also analyzed in terms of whether it agreed with the perceived level of certain aspects 

lifted in the literature and at the benchmarking company visits.  

2.2.5 Development of Layout Evaluation Tool 

The Layout evaluation tool was continuously improved and worked on throughout the duration 

of the thesis, based on expressed needs at the case company and feedback throughout the 

development. The analysis of gathered data was used as the most important input in the 

development and served as a base for the weighing made in the tool.  

 

The tool was also tested at the case company, which gave feedback and input to the final draft 

of the tool. The tool was tested at two layout meetings, each two hours long. Involved in the 

testing of the tool was two production technicians, one site layout manager, and one pre-

production engineer. 

 

The final version of the Layout evaluation tool is described in 4.1 Layout evaluation tool.  
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2.3  Credibility of Research and Source Criticism  
Credibility is a measurement of the authority of the study, and can be described in terms of 

validity, reliability and objectivity. These terms will be addressed below in relation to the 

events performed in the thesis.  

 

Common sources are literature, interviews, observations, surveys and experiments. With 

consideration to the short time frame, no experiments were conducted. The focus on the 

opinions of the participants motivated the personal contact of interviews over observations, 

which was mainly performed through a case study. To use a case study is a method that is 

sometimes criticized in research contexts. Some people question the value of a study focused 

on only a few events or units, and mean that information is difficult to verify and control; thus 

it will always be at the risk of biased or distorted results (Bell, 2006). In this thesis, a case study 

is essential to gain a profound understanding on machine line layouts and their impact on 

humans in production. However, because of the reasons mentioned above, the case study is put 

in relation to theories found in literature as well as to findings derived from visits at other 

companies. The survey used in the thesis aims to make generalizations of important factors to 

consider in a machining line layout. However, as the survey is just sent out at the case 

company, generalizations on a higher level cannot be made. 

2.3.1 Validity 

Validity deals with to what extent the study really measures what it intends to measure.  The 

validity can be ensured by the use of several perspectives and by specifying the target group for 

interviews and clarify the questions (Björklund and Paulsson, 2012). Validity are in some cases 

also related to generalizability, which means that conclusions drawn upon a small group also is 

valid for a larger group of individuals which is not studied (Lantz, 2013). To generalize data, a 

relatively large amount of people is required and surveys are often used for this purpose. 

 

Interviews 

 A problem with interviews in research contexts is that support for a hypothesis or point of 

view is sometimes sought and therefore no attempt of verification or falsification of the 

personal perceptions are made. Thus, there is a risk of questions that could give unwanted 

results are being left out of the interview (Lantz, 2013). In this thesis, no hypothesis was 

formulated in advance so no hypothesis needed to be supported. In this thesis, a high number of 

interviews were sought to verify different viewpoints and perspectives and thus aiming to find 

the important factors needing to be considered in layout planning of lines in high automated 

machining areas. In addition, interviews have been held with people of varying age, gender, 

experience, departments, cells, and with people from operator level to high management level 

at the case company. Other companies have also been visited for benchmarking purposes; 

together this ensures varying perspectives to the study. However, as relatively few 

benchmarking companies were visited, the results may be less generalizable than if more other 

companies had been included. There is of course also a possibility that other aspects would 

surface if more interviews at the case company would be performed. In preparation of the 

interviews, questions were discussed and worked with together with the Lean-Machining 

Group to ensure relevance and clarity of questions. No one involved was however 

professionally or well experience with performing interviews for research purpose and other 

questions or formulations might been used if this expertise would been accessible during the 

preparation which could have led to other replies from respondents.  
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Survey 

In respect to validity in terms of generalization, a survey was sent out at the case company 

based on the findings of the interviews. The survey, however, could only measure the 

importance of aspects found through interviews and not clearly demonstrate if some aspects are 

missed out on.  

2.3.2 Reliability 

Reliability signifies the accuracy of the measurements and whether the same result would be 

obtained if the study is repeated. Reliability can be improved by controlling the understanding 

and relevance of questions in surveys and interviews (Björklund and Paulsson, 2012). 

 

Literature 

Reliability has been considered in the literature review by only using peer-reviewed articles 

from reputable journals. The absolute main part of the articles used is written after the year of 

2000 and the majority is published after 2007, which is seen as reasonably up to date theories 

have been drawn upon in this thesis. It is also important to consider that even reputable 

scholars can be biased, and that articles are always written with a purpose different from the 

current study (Booth et al., 2008). Moreover, literature is written and multiplied material, 

written in a purpose different from the purpose of the actual study.   The search routines may 

also cause a non-exhaustive search result (Björklund and Paulsson, 2012). 

 

Interviews 

In regards to interviews, a well performed interview gives results that reflect the respondent. 

This is an important criterion for reliability and means that the respondents have had the 

opportunity to express their thoughts and that the respondents and the interviewer agree of what 

have been said and what it means (Lantz, 2013). To ensure this, the more unstructured 

interview form was used and the scheduled time for each interview was relatively long. All 

respondents have been given the authors contact information and been encouraged to make 

contact if they wanted to add anything to the interview. 

 

There is a large and relatively common problem that the interviewer in the more unstructured 

interview forms listen to respondents and interpret what is said to the own contexts and not the 

respondent’s (Lantz, 2013). The authors are also aware of the impact they themselves might 

have on the answers by the way the interview is performed, and act to minimize their impact as 

much as possible by holding back personal opinions and by asking counter-questions, repeating 

questions and having the respondents confirming the authors perception of answers.  

 

Survey 

In a survey, it is assumed that all respondents have the same definition of all words so that each 

question or statement is perceived in the same way (Lantz, 2013). It is also important that the 

alternative answers are adequate. All respondents of the survey used for this thesis have not 

been questioned about the meaning of each statement in the survey, hence the risk of varying 

perception of the words and phrases used. In addition, the purpose of a survey is to have a large 

amount of people answering the same question (Bell, 2006). The total amount of answers to the 

survey at the case company was 42; and it can be debated whether this rate of response is high 

enough for generalizations.  
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2.3.3 Objectivity 

Objectivity describes to what impact personal values have on the study. This is ensured by 

clarifying and motivating the choices made in the study so the reader can evaluate the result of 

the study (Björklund and Paulsson, 2012). The authors of this study have a non-positivistic 

approach to objectivity and treat this as an ideal. 

 

 

Interviews 

It is a real pitfall in interview contexts that the interviewers believe that they are unbiased and 

that their view is "clean", that they in their assessments truly reflect the respondents, and that 

their interpretation is not affected by their own beliefs and conceptions (Lantz, 2013). In 

attempts to avoid this, questions are asked from different viewpoints and the authors seek 

confirmation from the respondents of their perception of what is said. The topics are also 

considered in advance, and leading questions are avoided as far as possible during the 

interviews. Moreover, it is important to take into consideration that the interviewee does not 

necessarily share the official case company perspective. There is also a risk that the 

interviewees beautify their company, but the anonymity of the respondents is considered to 

prevent this. Moreover, the result of interviews is roughly determined by the preparation 

before, the interaction during, and the processing of data after the interview (Lantz, 2013). The 

authors of this study are not largely experienced with conducting interviews which might have 

an impact on the results. 

 

Company influence 

The thesis was written for the academy of innovation, design and engineering at Mälardalen 

University in Eskilstuna, but was performed in cooperation with and at a Volvo GTO. 

However, since the company requested an objective, theory-based evaluation of their current 

production system; there is little risk for the collaboration to hamper the objectivity of the 

study.  
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3 FRAME OF REFERENCE 
 

This chapter presents the theoretical framework of the thesis. The first half of the chapter deals 

with the context in which the thesis takes place; thus manufacturing systems, production 

systems, automation and lean production are addressed. This is followed in the second half of 

the chapter with topics more specifically related to the machine line layout, such as 

visualization, flow of material and line configurations.  

 

3.1 Manufacturing- and Production Systems 
To avoid confusion between manufacturing and production in the thesis, a brief definition of 

the terms will follow. 

 

Manufacturing is a broad term describing interrelated activities and operations, including 

design, materials selection, planning, production, quality assurance, management and 

marketing of the products of the manufacturing industries. Referring to CIRP (1990, p. 736), 

Lindström (2008) says production is thus a part of manufacturing, as illustrated in Figure 3-1, 

and is defined as the result or output of industrial work; meaning the act or process (or 

connected series of these) of physically making a product from its material constituents., 

Consequently manufacturing systems concern the organization of, and all activities in, a 

manufacturing company (Bellgran and Säfsten, 2005) in order to create production (Lindström, 

2008).  

 
Figure 3-1 Relationship between Production and Manufacturing 

 

Production systems are described to concern all activities connected to the actual realization of 

a product (Bellgran and Säfsten, 2005). The system consists of a range of different elements 

with inherent relationships, the most common being facilities, humans, machines and 

equipment (Löfgren §983 cited in Bellgran and Säfsten, 2005). To stay competitive, a 

successful manufacturing strategy is needed together with new work methods, more skilled 

humans and enabling technologies (Lindström, 2008). Lindström (2008) lists several future 

challenges for manufacturing systems such as: handling change, keeping the workforce 

motivated, and global competition creating a context requiring flexibility and speed. She also 

refers to the vision for future European manufacturing, stated by Manufuture 2004, urging 

companies to focus on value adding by improving performance, customizing products, and 
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investing in new human capital. Drawing on the work of Hayes and Wheelwright (1984), Slack 

and Lewis (2002), and Miltenburg (2005), Lindström (2008) translates future demands of 

customers and markets into seven competitive priorities; quality, dependability, flexibility, 

cost, speed, innovativeness, and performance. 

 

A common manufacturing system is Cellular Manufacturing System (CMS), which is a part of 

the product-flow type machine layout (as supposed to the job-shop type) and consists of 

various machines collected in a place called a cell (Monden, 2012). Rother and Harris (2001, 

Introduction) define a cell as “an arrangement of people, machines, materials, and methods 

with the processing steps placed right next to each other in sequential order, through which 

parts are processed in a continuous flow (or in some cases in a consistent, small batch size that 

is maintained through the sequence of processing steps)”. They further add that many companies 

use the terms “cell” and “line” interchangeably; as is the case in this thesis. CM is an application 

of Group Technology (GT) (Rafiee et al., 2010) and utilizes its philosophy where similar 

components are grouped together to benefit from similarities in design and production (Davies 

et al., 2012). CMS is one step towards improving productivity and flexibility (Isa and Tsuru, 

2002), thanks to benefits such as; shorter throughput time, early recognition of quality 

deficiencies (Bicheno et al., 2011), enhanced worker morale, and less conveyance, work in 

progress (WIP) stocks, and setup times (Monden, 2012). It is also due to less material handling, 

simplified production planning and control (Azadeh et al., 2009), and reduced man-hours, lead 

time, maintenance workers and supervisors, as well as increased flexibility of product mix and 

volume (Isa and Tsuru, 2002). Isa and Tsuru (2002) also map some perceived disadvantages of 

CM, the most important being difficulties to respond to sudden changes, increased operator 

training time, and difficulties in controlling work-pace. Highly automated implementations of 

CMS are sometimes referred to as Flexible Manufacturing Systems (FMS) (Groover, 2008). 

They consist of automated and multifunctional machine centers, such as Computer Numerical 

Control (CNC) machine tools, linked together by an automated material handling system 

(Moslemipour and Lee, 2010). FMS is typically capable of variable routings among stations 

and is flexible enough to operate as a mixed model system (Groover, 2008). FMS thus 

addresses changes in work orders, production schedules, part-programs, and tooling for 

production of families of parts (Mehrabi et al., 2001). The aim is to manufacture several 

families of parts on the same system with shortened changeover time. FMS, however, requires 

significant investments in terms of machining and automation, and also needs highly skilled 

personnel (Groover, 2008). Another derivative of CMS comes from the need to respond faster 

to market changes regarding product type and demand fluctuations. This concept is called 

Reconfigurable Manufacturing System (RMS) and is among other things built on a modular 

structure and multi skilled operators (Mehrabi et al., 2001). 

 

3.2 Automation 
A generally accepted definition of automation is the technology to accomplish a process or 

procedure without human assistance (Groover, 2008). More specifically, Groover (2008) 

explains automation as operation and control of production systems through the application of 

mechanical, electronics, and computer-based systems. Moreover, Frazelle (2001), states that 

automation implies that human labor is replaced by electronics or mechanical devices, both 

cognitively and physically. He divides this concept into mechanization and computerization, 

where the former essentially refers to the automation of, and in, the physical flow of goods, and 

the latter to the automation of, and in, the flow of information.  

 

 

 



25 (82) 

There are several levels of automation, and Frohm (2008) describes these as a continuum, 

ranging from completely manual to fully automated. Harris and Harris (2008) divide the levels 

of automation into five different steps as follow: 

 

 Level 1 Automation, where everything is done manually 

 Level 2 Automation, where the loading, unloading and transfer of parts are handled 

manually by an operator but the machine cycles automatically. 

 Level 3 Automation, where the operator once again loads the machine manually but the 

machine cycling and the unloading is done automatically, or at least the unloading 

provides an empty nest. The part is then manually transferred to next process step. 

 Level 4 Automation, where loading, machine cycling, and unloading are handled 

automatically and the transfer of parts is done manually. 

 Level 5 Automation, where everything is done automatic. 

The level of automation in machining is continuing to be higher than for assembling products; 

which is more complicated to automate due to the demand of high conversion flexibility (Wu, 

1994). To allow for operators in a machining lines to move on while a machine works in order 

to add value (so called one-touch automation), at least level 2 automation is needed. If 

operators instead stay to monitor the machine or must perform a manual task part way through 

the cycle (so called two-touch automation) the waste of waiting is built into the machine 

(Rother and Harris, 2001). If moving on to level 4 or 5 automation, cost, technical complexity 

(Rother and Harris, 2001), and changeover time often increase dramatically, while flexibility 

might decrease (Harris and Harris, 2008). Rother and Harris (2001) also point out that loading 

parts properly is easy for humans, but can require delicate technologies to automate. It is 

addressed that the use of robots and transfer lines in level 5 automaton, even though they might 

be attractive on paper, increase production complexity and often reduce process reliability, and 

process performance to below 70%; while level 3 automation is likely to run with about 95% 

uptime, and level 4 with 70-75% uptime (Harris and Harris, 2008).  

3.2.1 Advantages of Automation 

Automated production is addressed in the literature as offering several advantages and studies 

show that companies in general desire a higher degree of automation (Granlund and Friedler, 

2012). If properly managed, advantageous aspects of automation include improved productivity 

(Groover, 2008; Mathur et al., 2011), reduced labor costs, improved safety and quality, reduced 

lead-time and ramp-up time for bulk production, freedom from dependence on the availability 

of skilled labor (Mathur et al., 2011), better consistency in production (Bellgran and Säfsten, 

2005; Mathur et al., 2011) and high production efficiency (Bellgran and Säfsten 2005; Liu et 

al., 2014). 

  

When it comes to machines, many advantages over human workforce can be found, such as: 

performing repetitive tasks with consistency, store and retrieve large amounts of data reliably, 

perform computations quickly, perform multiple tasks simultaneously, apply high forces, and 

make outline decisions quickly (Groover, 2008). And robotics, a key technology in production 

for at least three decades (Friedler and Granlund, 2012), has long been accepted by the industry 

as a means for improving quality, performance and efficiency. For these reasons, Monden 

(2012) states that Japanese automobile manufacturers, like their American counterparts, to a 

large scale are installing industrial robots, especially in processes involving welding, painting 

and machining of parts. According to Monden (2012), the advantages of robotics are also 
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obvious when it comes to safety, product quality, and cost concerns. Firstly, robotics can 

relieve humans from hazardous work in environments with dangerous fumes or other 

environmental threats. Secondly, since robotics can perform repetitious operations with high 

accuracy and without fatigue, they contribute to the improved quality control of products. And 

thirdly, in regards to cost savings, the long-term savings in labor costs are hard to ignore; 

especially in countries with a high labor cost. Hedelind and Jackson (2008, cited in Friedler and 

Granlund, 2012) claim that the adoption of a high level of automation and limited amount of 

manual work can enable companies to compete in manufacturing. Finally, on the topic of 

flexibility, there are however some conflicting opinions regarding advantages of automation. 

While some authors (e.g. Liu et al., 2014; Asao et al., 2004) consider automation to decrease 

the production flexibility, Monden (2012) argues that production systems consisting of robots 

and machines benefit flexibility as they can be adapted to new models simply by a change of 

tools and adjustments in the memory of the robots, as supposed to a large investment in 

training of human operators. 

3.2.2 Challenges of Automation 

An investment in automation should be thoroughly assessed, but contrary to this automation 

decisions are often done in an ad hoc nature and not based on solid facts and a well-defined 

strategy (Winroth et al., 2007; Granlund et al., 2012). It is worth pointing out that automation 

does not per se guarantee advantageous results (Friedler and Granlund, 2012; Friedler et al., 

2013; Granlund and Jackson, 2013), even if the manufacturing industries traditionally have 

been using it as a mean to increase competitiveness and productivity. For instance, Asoa et al. 

(2004, cited in Miyake, 2006) discuss the use of conveyor lines, which are commonly used in 

automated production systems. They claim that the use of conveyor lines not only reduces the 

utilization of workers’ intellectual capacity but also is subject to balancing loss and requires 

substantial investments in facilities, support personnel, extra space, and double checking. 

Conveyor lines are thus said to bring rigidity to the production facilities. Such lack of 

flexibility is moreover the fundamental cause of other latent disadvantages as it complicates 

and increases cost and time for layouts; thus hindering introduction of new products and major 

product model changes. Also, the very nature of processes along conveyor lines have the 

inherent disadvantage of bringing a whole line to a stop if not all stations are available and 

ready to operate (Asoa et al., 2004, cited in Miyake, 2006). 

 

Another issue is the interface between the equipment and the operators. In a study where the 

use of robots in lean production systems were analyzed, it was found that operators saw robot 

stations as “black boxes”, had problems understanding the stations, and felt left out as they 

could not read the current state of operation or understand what was happening in the cell 

(Hedelind and Jackson, 2010). In the same study, it was also revealed that changeover and 

failure were the two most challenging operations the operator encountered within the robot 

station. 
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3.3  Lean Production 
The term Lean was first coined by Krafcik in 1988 (Krafcik 1988 cited in Bellgran and Säfsten, 

2005) and is most prominently found in the Toyota Production System (TPS). It is related to 

the reduction of inventory, investments, usage of space, human effort, development and 

throughput time, defects, and to the production of a growing variety of products (Nightingale 

and Srinivasan, 2011 cited in Granlund et al., 2012). The principles of lean production are 

shown to give an advantage in the ability to meet demands, cope with challenges and stay 

competitive (White et al., 1999). Some methods to achieve this are quality at the source - 

including machines that detect errors themselves, smaller lot sizes which requires shorter setup 

times, standardization of work and components, flexible workforce, 5S, preventive 

maintenance to avoid the disruption of planned stops, and continuous improvements 

(Krajewski et al., 2007). It is however essential to approach these factors from a system 

perspective, before considering the individual parts (Bicheno et al., 2011). Chen et al. (2010) 

also stress the importance of involving and respecting workers as much as possible, as this 

motivates worker creativity by offering a sense of importance, enjoyment and satisfaction 

Fundamentally, takt- and process times are needed to create lean flows, and 5S enables visual 

management and standardized work (Bicheno et al., 2011). 

 

The principles of lean production have served many companies well, but it could lead to 

failures if they are not considered properly (Chen et al., 2010). Lean principles are 

fundamentally focused on improvements, but the most common mistake is to use lean to reduce 

storage and staff (Bicheno et al., 2011). Chen et al. (2010) further points out that the reduction 

of waste and focus on value-adding activities may also aim the focus on short term targets and 

hamper long-term competitive advantages; since the latter rarely offers a direct addition of 

value. Innovation activities should thus not be considered non-value adding. Such creative 

activities could also contribute to the re-energization and reduced job anxiety of employees 

(Chen et al., 2010). 

 

Further described below are; the concept of lean automation which concerns the level of 

automation in a lean company. Lean is also related to the use of space, investments, and 

inventory which all affect the fundamental lean principle flexibility. Humans in production 

including teamwork and multi skilled operators are central in lean as expressed by Chen et al 

(2010) and will be handled separately. Finally visualization is the part of the lean principles 

most intimately connected to the design of the layout and is suitable to close the chapter about 

lean production.  

3.3.1 Lean Automation 

Muffatto (1999) claims that high-tech automation traditionally has been used by companies 

which are not considered lean; while companies such as Toyota have adopted so called low-

cost automation (McCarthy and Rich, 2004). In Womack et al.’s MIT study from 1990 (cited in 

Hedelind and Jackson, 2010), it is highlighted that while many western automotive companies 

used automation extensively, Japanese companies with the highest productivity were those who 

had the lowest level of automation. Womack et al. did however believe that automotive 

industries in the future would be almost entirely automated in the operations. Today, 

simultaneously as many companies are adapting automation, they also implement principles 

and practices of lean production. This does however pose some challenges (Granlund et al., 

2012), for instance; difficulties concerning process visualization (Hedelind and Jackson, 2010), 

flow of products and material (Harris and Harris, 2008), and human centered practice e.g. 

creativity (Bicheno et al., 2011). It is a matter of debate in the industry whether traditional 
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automation fits lean production (Granlund et al., 2012; Hedlind and Jackson, 2010) and some 

authors argue that certain aspects of automation directly contradicts the lean principles 

(Bjurström and Jackson, 2011). Harris and Harris (2008) for example, mean that a lean 

production system is created to flow materials and products and that striving towards a high 

level of automation can make companies contradict that. But despite the difficulties related to 

adopting automation in lean production systems, they believe that lean systems are well-suited 

to automation, and many others similarly advocate the existence of a successful combination of 

the two concepts (e.g Monden, 2012; Granlund et al., 2012; Jackson et al., 2011; Bicheno et 

al., 2011; Hedelind and Jackson, 2010; Liker, 2004; Rother and Harris, 2001). They key lies in 

finding the right type and level of automation, ultimately referring to the concept of lean 

automation (Dulchlnos and Massaro, 2005). Lean Automation is a concept in the intersection of 

lean production and automation and has been defined as a technique which applies the right 

amount of automation to a given task and it stresses robust, reliable components and minimizes 

overly complicated solutions (Dulchlnos and Massaro, 2005). Referring back to the five levels 

of automation described in chapter 3.2, the third level of automation in a cell is concluded to 

best fit into a lean production system (Rother and Harris , 2001; Harris and Harris, 2008). This 

because operators often find it relatively easy to load and transfer a work piece (Harris and 

Harris, 2008) which makes level 3 automation fulfill many benefits of automation without the 

expense of; procurement lead time, maintenance requirements, downtime, and volume 

flexibility which often comes along with automatic transferring and loading of products 

(Rother and Harris, 2001).  

 

Bicheno et al. (2011) point out the value of small machines as a lean tool. According to them, 

small single-operation machines are better than large multi-operational machines, as the former 

do not create monuments and allow for a higher level of flexibility, easier planning, reduced 

material handling, and reduced vulnerability to machine failures. When it comes to integration 

of robotics in lean production systems, Monden (2012) state that it is important to see that it is 

a logical extension of, and not an abandonment of, lean principles. The goals of introducing 

robots are in fact fully in line with the principles of the system which generally are: cost 

reduction, quality assurance, flexibility and respect for humanity. Freeing humans from 

repetitive tasks, and thus releasing more time for meaningful human actions, is in agreement 

lean principles. Hedlind and Jackson (2010) have studied the introduction of robotics in lean 

production lines at Swedish and Japanese plants and found that a main focus was human 

centered solutions. This was shown in the use of human-machine interfaces, and in that humans 

were physically closer to the robots by, for instance, using other types of safety than fencing. 

Most important, to make robots fit into lean production systems; robots (like any other 

technology) must remain the tool of men and not the other way around (Monden, 2012).  

 

In response to complexity in automation systems, the ability to handle complex equipment 

without being an expert must also be central in the development towards a lean automation 

concept. It is possible to technically reduce the perceived level of complexity in automation 

equipment through the use of software support and intuitive control, e.g. graphical 

programming. In order to fit lean principles and practices, it is believed that the development of 

robotized working cells with solutions giving increased availability, the reduction of set-up 

times, the improvement of the ability to easily reconfigure, and the existence of information 

design to clearly present visual information and options to the operators are a necessity 

(Hedelind and Jackson, 2010; Jackson et al., 2011). Finally, if looking at the mother of lean 

production, Toyota only introduced new technology after it has been proved in direct tests 

involving a broad cross-section of expertise. Liker (2004) reports that after new technology has 

been thoroughly assessed in theory, seen first-hand, and then developed according to waste 
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reduction and flow leveling at Toyota; a pilot area is used to improve the new process with the 

existing equipment, technology, and workers. This, oppose to what some authors believe, does 

not exclude new or cutting-edge technology at Toyota (Liker, 2004).  

3.3.2 Flexibility 

Slack and Lewis (2002) divide the concept of flexibility into range flexibility and response 

flexibility. The former refers to how wide the range of abilities is, such as producing several 

different products. The latter refers to the ease with which movement between different 

activities occur, for example changing between two different products. 

 

The concept of flexibility can be further divided into several different types of flexibility 

(Lindström, 2008). In this thesis the main focus is on; labor flexibility - the workforce ability to 

perform many various tasks efficiently (Krajewski et al., 2007), material handling flexibility - 

the ability to transport various work pieces to the proper position, routing flexibility - to be able 

to produce a part with alternative routes in the system, process flexibility - to produce different 

parts without major setups and finally expansion flexibility - the ability to increase capacity 

(Lindström, 2008). Other types of flexibility such as; volume flexibility - the handling of 

demand fluctuations and different batch sizes and outputs, mix flexibility - to produce different 

combinations of products, manufacturing flexibility - reacting to environmental changes and 

manage uncertainty, and the machine flexibility - the variety of operations a machine can do, 

will be considered briefly. 

 

Designing manufacturing systems with the characteristic of capacity scalability enables 

management to increase or decrease production capacity quickly and cost-effectively in 

response to market demand (Spicer et al., 2002). Especially companies with high tooling and 

equipment investments, are dependent on a more intelligent and flexible manufacturing 

systems to cope with uncertainties (Chen et al., 2010). From a lean automation perspective, 

standardized and reusable automation solutions that are flexible and reconfigurable (both 

hardware and software) are crucial factors in achieving simple automation solutions. Jackson et 

al. (2011) say this would allow easy changes to the system: which in turn enables handling of 

future demands and product variants without large investments.  

3.3.3 Humans in Production 

Many companies move towards a higher level of automation, while Shinohara (1996, cited in 

Miyake 2006) on the other hand reports that Japanese manufacturers move away from large 

scale automation in favor for a more human centered workplace systems, emphasizing the 

usage of low-cost automation and highly skilled production workers (Isa and Tsuru, 2002). 

Human workforce offers several benefits over machines, such as the ability adapt to change, to 

generalize from observations and learn from experience, and to react to unexpected problems 

and develop new solutions even if problems are abstract or decisions need to be made on 

incomplete data (Groover, 2008). But for instance in Sweden, lack of skilled labor combined 

with expensive labor force is an increasing problem for small and medium enterprises (Friedler 

and Granlund, 2012). Due to increasingly high wages relative to productivity, operators are 

often viewed as a scarce resource and the allocation of multi-skilled operators is consequently 

one of the most important decision points on performance in the lean originated production 

system CMS (Azadeh et al., 2013). In the daily operations, multi-skilled operators comprise a 

team, where the members are jointly responsible for performance (Miltenburg, 2000). 

Operators who can perform several different tasks, at their own stations as well as at others’, 
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offer a level of flexibility that can help to smooth out imbalances and bottlenecks in the 

production (Krajewski et al., 2007) or reach shojinka -  defined as the alteration to achieve the 

optimal number of workers based on demand (Monden, 2012).  

  

The use of teamwork as a workplace practice is progressing and according to Bikfalvi (2010) 

more than 50% of employees work in four- to nine-person teams. Teamwork is closely linked 

with factors such as communication, training, conflict management, autonomy and worker 

assignment strategies (Fraser et al., 2013).  CMS rely heavily on the effectiveness of teamwork 

to maximize the benefits of cell production and human related factors in CM are most 

importantly communication, teamwork and training, but also top management support and 

employee involvement and finally measurements, reward systems, and job rotation (Fraser et 

al., 2013). Wemmerlov and Johnson (1997), stress that the adoption of CM should be viewed 

as a change process dominated by the people element, rather than a technical engineering-

dominated problem (Fraser et al., 2013).  One way to support this is the usage of cross 

functional teams consisting of different functions and levels, since this is known to contribute 

to better solutions and also a better acceptance of the final solution (Granlund and Jackson 

2013). Behavioral factors generate the most controversial aspects on layouts (Krajewski et al., 

2007) and should thus be pondered individually. According to Krajewski et al. (2007), a line-

flow layout may lead to higher absenteeism, turnover and dissatisfaction. Additionally, paced 

production, especially when highly specialized and repetitive, leads to reduced job satisfaction 

(Krajewski et al., 2007). The rotation between workstations is a solution for repetitive, boring 

jobs but only offers a marginal improvement according to Bicheno et al. (2011); and the trend 

seems instead to be a movement from repetitive work with short cycle time to more interesting 

assignments. This affects the layout by moving from a long, thin layout to a shorter, wider 

layout (Bicheno et al., 2011). Moreover, a good machine layout breaks down geographical 

barriers between operators, allows the range of jobs to be narrowed or widened easily, and 

offers a shared area (Miltenburg, 2000) which can support workers to develop their skills in the 

range of activities performed in a line (Monden, 2012). Problems with teamwork are, however, 

largely due to human interaction and not as affected by the setting in which the team operates 

within (Fraser et al., 2013). According to Monden (2012), multi-skilling may be met with 

resistance and needs to be carefully explained. 

 

In a study, Hedelind and Jackson (2010) noticed a difference in focus between Swedish and 

Japanese companies, where the managers of the former were very technology oriented, while 

the Japanese managers had very little interest in the technical solutions and instead trusted the 

production engineers with these questions. They also noticed that employees at Japanese 

manufacturing companies were eager to work with continuous improvement (Kaizen). At some 

of these companies the employees received cash bonuses for suggestions, and there was a large 

kaizen high-score list at the front of the plant to show the people with the largest contributions. 

By creating an innovation-encouraging culture in a lean company, Chen et al. (2010) claim that 

not only can employees be re-energized and job anxiety be reduced, but it can also provide an 

opportunity for employees to interact and stimulate creative thinking. 

3.3.4 Visualization 

Vision is a primary spatial sense and one of humanity’s most powerful capacities (Kirsh, 1993). 

Within Lean production, visualization is a fundamental part, and Kirsh (1993) state that much 

of workers’ everyday competence could come from the informational structure of the 

workplace.  
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Within lean, the principle is that status of work situations should be clear by simply looking at 

the production (Groover, 2008) and information about ongoing activities is visual for everyone 

(Bicheno et al., 2011). For instance, color markings of the operational level helps to detect 

variations with a single glance (Bicheno et al., 2011).  Visibility creates awareness which in 

turn leads to action and ultimately results (Ortiz and Park, 2011). Tools that provide visual cues 

and direction to clearly guide employees to appropriate locations and tasks are readily apparent 

in well-functioning lean plants and can greatly enhance productivity (Goodman, 2002). 

Moreover, visual controls may be used for management to communicate different goals 

regarding safety or business initiatives but is even more useful in the goal of producing a 

proper and balanced material flow and use of resources (Ortiz and Park, 2011). Goodman 

(2002) means that a good plant includes the use of a visual labeling system to clearly mark 

inventory, tools, processes and flows. It is also said that visual control is a critical tool for 

organizations striving to operate at the highest level in the increasing global economy of today 

(Ortiz and Park, 2011). Ortiz and Park (2011) believe the reason why a great use of visual 

control systems can still not be found in current production is management’s lack of knowledge 

to implement or understand the benefits of such a system. The implementation of a successful 

visual control system in production can complement other lean initiatives as well as provide the 

business with another competitive edge. Companies that develop a visual control system to 

deliver timely, accurate and appropriate information can benefit of a higher level of 

performance, fewer wasted actions, and improved profitability. Through timely communication 

which influences human behavior a company can improve both productivity, quality and 

delivery performance (Ortiz and Park, 2011).  

 

Ortiz and Park (2011) list the following net results of a visual control system: 

 

 Production employees  spend less time waiting 

 More timely, correct decisions can be made on the production floor 

 Improvement of first-pass quality and reduction of rework 

 Lower WIP levels 

 Lower purchased inventory levels 

The principle of making everything visible should also include ergonomics (Bicheno et al., 

2011). For instance, tool and equipment boards need to be placed ergonomically right and lube 

levels on machines should be visible without the need for operators to stretch or bend. Visual 

markings can also be used to indicate if objects can be moved manually or if lifting assistance 

is needed (Bicheno et al., 2011). Tompkins et al. (2010) list different ways of achieving 

visibility, including electronic boards, problem boards, colored standard containers, 

decentralized storage systems and marked dedicated areas for bins, inventory and tools 

(including shaded tool boards). 

 

5S 

5S gets its name from the five Japanese words Seiri, Seiton, Seiso, Seiketsu and Shitsuke which 

are roughly translated to Organization, Neatness, Cleaning, Standardization and Discipline 

(Groover, 2008) which is illustrated in Figure 3-2 below. Monden (2012) describes how, over 

time, various kinds of dirt such as unnecessary jigs and tools, oil, carts etc. tend to accumulate 

in the workspace. 5S aims to reduce the waste created by searching for dies, jigs and tools, 

unnoticed defects, and unsafe conditions (Monden, 2012) and poor 5S work is said to be the 

root cause to many problems in production (Bicheno et al., 2011). Further, after the 

implementation of 5S, machine leakage should be more easily detected and eliminated and all 
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vital parts of a machine should if possible be made visible by changing steel covers for plastic 

or glass to facilitate the inside machinery to operators and maintenance personnel (Bicheno et 

al., 2011). Bicheno et al. (2011) stress the importance of using 5S correctly and with the target 

on reducing waste, variations, and improving productivity as oppose to only focus on cleaning. 

If not used correctly, for instance if 5S simply is used as a mean of cleaning, attention might 

me stolen from the real priorities (Bicheno et al., 2011). 

 

 
Figure 3-2 Illustration of the steps in 5S 

 

Andon 

Ortiz and Park (2011) mean that the time and effort wasted in production just getting hold of 

current status is bothersome, and a properly managed communication light system can be 

profound. Andon is the visible control system of Toyota and consists of an electric light board, 

hung high in the factory to be visible to everyone, which shows when a worker has stopped the 

line (Monden, 2012). As illustrated in Figure 3-3, lamps also show the current status of 

machines and stations and the Andon-board is connected to a computer for registration of 

failures (Bicheno et al. 2011). Bicheno et al. (2011) further describe how sound can be a usable 

complement in production. They explain how each cell and department at Toyota has its own 

melody, and in the event of a stop or problem the assigned melody will sound in the speaker 

system of the production plant. Managers and maintenance personnel thus need to learn which 

melodies they are responsible for. Lastly, in a study by Hedelind and Jackson (2010), a wish to 

find the next step after traditional Andon was found. That indicates that machines should not 

just signal when something is out of tolerance, but instead adapt and continue producing. 

 

 
Figure 3-3 Andon lamps show current state at station 
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Team Area 

Information on company performance must be available to all employees and preferably 

communicated on a board in a place where people interact. In the team area it is recommended 

to place a diagram over the balancing of the production line and the diagram should be updated 

on a routine basis to ensure the standardization (Bicheno et al., 2011). The team area should 

also include a competence matrix with operators on the x-axis and work tasks on the y-axis, 

showing the operator performance from beginner to instructor (Bicheno et al., 2011). It is 

suggested that at least quality, delivery precision, and economy/costs are visualized for 

everyone (Bicheno et al., 2011). Goodman (2002) however, mean that both short- and long-

term goals for the plant and the team as well as statements about internal and external customer 

requirements, production schedules, work instructions, productivity levels, incoming and 

outgoing quality, scrap and rework levels, attendance, vacation schedules, safety, and levels of 

employee training should be displayed at each work center. To avoid pitfalls such as suspicion 

and retardation of the work, it is within lean recommended that the operators themselves 

measure production times; this also contributes to a sense of ownership (Bicheno et al., 2011). 

 

Visual Production Performance 

A production control board, as illustrated in Figure 3-4, monitors the production performance 

in real time and can be one of the most valuable management tools for increasing output (Ortiz 

and Park, 2011). As it provides feedback on the production status on an hourly basis instead of 

just at the end of the day, it allows operators to tackle problems immediately (Ortiz and Park, 

2011). Monitoring real time conditions is especially useful in environments of heavy, rotating 

machinery as it provide help to lower costs related to production (Bicheno et al., 2011). 

Kanban priority boards may also be used where there are changeovers to continually inform the 

operators of how urgent the products need to be delivered to the next station. This method is 

still considered to be the most effective for production control (Bicheno et al., 2011). 

 

 
Figure 3-4 Example of production control board 

 

Moreover, when evaluating the leanness of production plants, Goodman (2002) report that 

better plants call attention to scrape rather than hiding it. By shining a light on scrap, or color 

marking it, it can be immediately seen where and when scrap is building up and actions against 

it can be taken. Finally, a standard visual total productive maintenance (TPM) system is needed 

to ensure that overall equipment effectiveness is achieved on the production floor. All 

machines or areas must have visual TPM boards displaying required maintenance work for 

both operators and maintenance staff. Purchased dates, costs, and maintenance records of 
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machines should also be posted on the machines to allow for preventive maintenance to be 

planned (Goodman, 2002).  

 

Visual layout 

For a visual management system to work, a proper layout supporting communication and flow 

of information and material is critical. Long distances between different stations add waste and 

make the internal customer less visible. Process based plant layouts are thus not conducive to 

visual management. The reduction of inventories, deliveries to points of use, and quality 

measurements within the production line are all factors that affect and need to be supported by 

the layout. Tools are needed everywhere, and placing tools on vertical boards opens up floor 

space compared to horizontal surfaces.  

 

A well designed environment reduces search and simplifies the cognitive burden by providing 

useful information and reducing the amount of different choices, ultimately creating a layout 

that is obvious enough to eliminate the need to memorize the right option (Kirsh, 1993). Simple 

and timely information helps employees make better and timelier decisions (Ortiz and Park, 

2011). There is a difference between physically and informatively preparing an environment; 

even though the two often go together (Kirsh, 1993).  The former refer to planting physical 

barriers or constraints in the environment to reduce the physical degree of freedom in a 

workplace and the latter to use information in order to reduce the perceived degree of freedom. 

This is also referred do as hiding affordances. To make the right choice easy to make, one can 

also work with reminders, or highlighting affordances. Examples include the use of unusual 

features, surprising colors, sounds, or smell which will remind workers of what tasks need to be 

performed (Kirsh, 1993). According to Goodman (2002), it is also important that visitors (of 

any kind) should be welcomed to the plant and given an overview of its layout, workforce, 

customers, and products. 

 

3.4 Flow of material 
The movement of material can be divided into intra-cellular and inter-cellular flows. The flow 

within the cell (intra-cellular flow) depends on the level of automation. The flow to and from 

the cell and between adjacent cells (inter-cellular flow) also has an impact on the layout of the 

cell. When designing flows, a flow planning hierarchy from top to bottom may be followed, 

starting with effective flows between departments followed by effective flow between 

departments and finally effective flow within workstations (Tompkins et al., 2010). In order to 

avoid flow disturbances when introducing automation in the lean system, it is essential to 

consider the interaction of material flow and flow of operators (Hedelind and Jackson, 2010). 

In relation to material flow and the human workforce, Goodman (2002) means that in the best 

plants when it comes to leanness, workers clearly know who their internal and external 

customers are. When evaluating the leanness of a plant, the best ones rely on a single pacing 

process for the material flow throughout the entire factory (Goodman, 2002). The pacing 

process controls speed and production for all upstream activities, and demand at each 

workstation is triggered by demand at the next, resulting in improved quality, reduced 

downtime, and less built up inventory (Goodman, 2002).  

 

Ideally, materials are moved once, in efficient containers and over as short a distance as 

possible (Goodman, 2002). Backtracking and bypassing are two material movements in flow-

line layouts that need to be minimized (Drira et al., 2007). Backtracking is the movement from 

one machine to another preceding it in the flow-line arrangement while bypassing describes 

when a part skips some machines in the flow-line arrangement (Chen et al., 2001). In a good 

lean layout, storage of production material should be done at line side as oppose to in separate 
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inventory areas and tools and setup equipment should be kept close to machines (Goodman, 

2002).  

3.4.1 Means of Material Transport 

There are several different ways to transport material inside and outside the line. For high-

volume production, highly automated conveyor lines are often used (Tompkins et al., 2010). 

They provide the most efficient process solution but cause disadvantages such as high 

investments, inflexibility in production layout (Tompkins et al., 2010), rigidity when coping 

with product model changes and product mix variations (Miyake, 2006), and finally space of 

the conveyor itself (Shinohara, 1995 cited in Miyake 2006) which tend to cause barriers for 

movements, communication and quality (Bicheno, 2011). The connection of the machines 

causes the entire line to stop when one machine fails, which in turn causes large deviations in 

production rates (Tompkins et al., 2010). When designing the material flow with conveyor 

lines the processing equipment is arranged according to the processing sequence, and buffer 

sizes between workstations must be predetermined and given space by vertical storage systems, 

spiral type conveyors, or increased space between machines (Tompkins et al., 2010). Due to 

the predictable material flow, the conveyor line is often used with straight lines, U-lines and 

circular lines.  

 

FIFO-lines are sloped conveyor or sliding lanes for material supply using gravity to move to 

and from the station. If held short, FIFO-lanes may encourage material flow but long lanes may 

result in unnecessary inventory. A long FIFO should optimally be replaced by two shorter ones. 

(Bicheno, 2011) 

 

Forklifts are used both inside lines and between them and serve to transport pallets with 

materials. Forklifts can handle pallets on different height levels and thus work well with pallet 

shelving. Forklifts need space for parking (Bicheno et al., 2011) require wide aisles, encourage 

unnecessary movement of materials and consequently also storage of the transported pallets at 

the lines; therefore, an easy way to assess a plant’s use of space is counting forklifts (Goodman, 

2002). Forklifts also constitute risks to the workers (Bicheno et al., 2011) are expensive to 

operate, and increase pollution (Goodman, 2002).  

 

Material carts refer to human handled carts on wheels which are flexible and promote smaller 

batch sizes. It is according to Bicheno et al. (2011) important that the material is not handled 

by the people operating the cell. Another concept for transportation, between different lines, is 

the milkrun, which consists of a train which pulls several material carts. The best ones have low 

material carts and containers with wheels that can be moved by people. (Bicheno et al., 2011) 

 

Material can also be transported by automated guided vehicles (AGV), which includes an upper 

surface that can transfer material to and from the vehicle, and a driving device. AGVs also have 

a set of sensors to detect the set route and other intruding objects. (Kawano et al., 2000) 
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3.5 Machining Layout 
In a clean and orderly plant, it is easy to find parts, count and estimate inventory, parts move 

efficient and safe and the plant is well lit, have good air quality and noise levels are kept low 

(Goodman, 2002). A good layout minimizes inventory accumulation and excessive walking, 

removes obstacles in walking paths and aims to bring the manual value-adding steps as close as 

possible to each other (Rother and Harris, 2001). From a lean perspective, good line layouts 

allow for visual and verbal communication between operators within a line and make it 

possible to see others’ inventory levels (Goodman, 2002). One factor to consider is the material 

handling system, since this affects the flow path. A rotating arm can have a loop or a U-shaped 

flow path while conveyors or automatic guided vehicles (AGV) have straight, loop, U-shaped 

or serpentine flows (Ho and Moodie, 1998). Another important factor in the layout design is 

ergonomics; paying attention to ergonomic aspects in the workplace is both ethically beneficial 

as well as economically (Bicheno et al., 2011)  

3.5.1 The Layout Process 

Layout problems usually consist of many different objectives and the process is badly 

structured. In the traditional machine layout problem, the two most popular criteria are 

minimization of total flow distance and the number of backtracking movements (Ho and 

Moodie, 1998) but many evaluating criteria are qualitative which makes it very difficult to 

determine the best solution (Banerjee, 1990 cited in Ho and Moodie, 2000).  

 

Location of material is often an overlooked part of the layout. Recommendations for this 

include making sure stored material and equipment do not create obstacles on the walking path 

and also to eliminate space where WIP inventory cumulates. Saving material inside or close to 

the process should also be avoided since this makes it more difficult to overview and 

understand the function of the cell. (Bicheno et al., 2011) 

 

The design of lines includes the allocation of machines. The line layout is typically done after 

the facility layout and the material handling system is decided, since this affects the layout of 

machines (Drira et al., 2007). One way to design a cell is to view it as a one-operator driven 

line, regardless of how many operators the cell is planned for. This is said to ensure the optimal 

layout regardless of the amount of workers (Rother and Harris, 2001; Bicheno et al., 2011). 

While it is relevant to decrease unnecessary movement of operators to improve individual 

efficiency and consequently productivity, this needs to be weighed against the productivity of 

the entire factory (Monden, 2012). When workers are separated to reduce movement, they 

cannot cooperate with each other; which have a negative effect on the line balance of the entire 

factory. Operator waiting time will be absorbed by producing to stock instead of helping the 

adjacent line to smooth the process.  When line balancing of the entire factory is considered, it 

is important to consider that the operators need to move in order to be able to help each other 

(Monden, 2012). General rules are to place machines and workstations as close to each other as 

possible, but to leave a diameter of 1.5 meters for the work area. Any movement outside this is 

considered excessive (Rother and Harris, 2001; Bicheno et al., 2011; Ortiz and Park, 2011). A 

bad layout leads to small unnecessary movements which are repeated many times per day 

(Bicheno et al., 2011). Moreover, the heights for work surfaces should be consistent and 

movements such as reaching up, down or out should also be avoided to avoid unnecessary 

waste of time and wear of the employees (Ortiz and Park, 2011). 
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3.5.2 Line Configurations 

Lines can be built in different shapes, from straight I-lines to more complex configurations. 

The advantages and disadvantages of the different configurations are found in the literature and 

opinions regarding which configuration is most advantageous vary widely between different 

researchers. A Table for easy overview of the different cell configurations found in the 

literature can be found in Appendix 4. 

 

 

Groover (2008) defines three different forms of flow, supported by different configurations; the 

in-line flow, the segmented in-line flow, and the rotary flow. The in-line configuration consists 

of a sequence of stations in a straight line and is best suited when the application consists 

exclusively of in-sequence moves; although a U-shape also works well here. The segmented in-

line configurations consist of several straight line transfer sections where the segments are 

usually perpendicular to each other. Advantages compared to the straight line is that it can be 

more easily adapted to the floor space (e.g. if there is no room for a long straight line), and 

fixtures can be automatically returned to the front of the line (in a U or rectangular shape). In 

the case of rotary configurations (illustrated in Figure 3-5 below), the work pieces are attached 

to fixtures in the periphery of a circular worktable. This table is then programmed to present 

each work piece to the different processing steps. If compared to in-line and segmented in-line 

configuration, the rotary flow cannot readily accommodate buffer storage capacity and are 

commonly limited to smaller work parts and fewer workstations. However, the rotary 

configuration usually requires less floor space and involves less expensive equipment. 

(Groover, 2008) 

 

 
Figure 3-5 Illustration of rotary flow based on Groover (2008) 
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I-shape lines 

I-shapes (also referred to as in-line configurations or linear layouts) organize machines in a 

process along a straight line in sequential order, which reduces the need for unnecessary 

stocking of outputs between the processes (Monden, 2012). This layout is common for 

machining large work pieces since these parts require many operations and this configuration 

can accommodate a large number of stations (Groover, 2008). The linear flow is also easier to 

design (Ho and Moodie, 1998). For large products, the I-shape also facilitates flexibility and 

material handling (Bicheno et al., 2011). Together with the U-shape, the I-shape layout is 

suitable when the application exclusively consists of in sequence moves (Groover, 2008) 

 

Weaknesses of the linear layout are for one that the operations cannot be reallocated between 

the operators to handle changes in demand. The lines are also independent from one another. 

These factors make it impossible to handle needs of fractional workers in the lines. The number 

has to be rounded up which leads to unnecessary waiting times of at least one worker. 

(Monden, 2012) 

 

U-shaped lines 

The U-shape is part of the segmented in-line configurations. It works well when the product 

flow is in sequence, and allows cooperation between workers. The products enter and leave in 

the same area which facilitates transports to and from the cell and the return of fixtures to the 

front line.  The exit and entrance are at the same spot and within TPS, always handled by the 

same operator (Miltenburg, 2000; Monden, 2012). This minimizes the material handling 

(Tompkins et al., 2010).The shape allows a more efficient use of operators tending the 

machines, and it promotes better communication among workers (Tompkins et al., 2010). The 

U-shape facilitates training by reducing the geographical barriers between the operators. The 

center of the U-line is a shared area where operators can learn each other’s skills (Miltenburg, 

2000). 

 

Many researchers think that the U-shaped layout is one of the most important components for a 

successful implementation of lean production (Miltenburg, 2000). Kara et al. (2011) say that in 

the assembly area, U-shaped lines have increasingly substituted traditional assembly lines, 

while Toyota’s U-lines according to Isa and Tsuru (2002) are most commonly used in 

machining and benefits production rather than the final assembly. Machine-work is separated 

from operator-work to make machines work as independently as possible (Miltenburg, 2000). 

Monden, (2012) mentions that systems using automatic large scale machines often have 

workers located only at the exit and entrance. If these positions are different, two operators will 

always be needed, and each worker will have idle or waiting time. With a U-line, one worker 

can handle both the loading and the unloading (Monden, 2012). 

 

One of the most important advantages of the U-shaped layout is the flexibility to increase or 

decrease the necessary number of workers when adapting to the changes in production 

quantities (Monden, 2012). U-shaped lines can also be combined to deal with the problem of a 

fractional need of workers. The operations can then be allocated in a way that a worker handles 

both the entry and exit of a line and the U-turn of the adjacent line (Monden, 2012). Other 

advantages of the U-line are the improved communication and feedback for quality (Bicheno et 

al., 2011). 

 

The U-lines come in many different forms depending on the number of products manufactured, 

the number of machines in the line, and the number of operators tending the machines 

(Tompkins et al., 2010). A Simple U-line is defined by Miltenburg (2010) as being used alone 
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or as a building block for more complex U-line configurations. The more complex 

configurations are called; multi-lines in a single U-line, double dependent U-lines, embedded 

U-lines and figure-eight pattern U-lines (Miltenburg, 2010). 

 

Multi-lines in a single U-line as illustrated in Figure 3-6 are several lines combined to a large 

U-shape. This configuration can be run by a single operator when demand is low and operators 

can be added to increase the production rate. 

 

 
Figure 3-6 Illustration of Miltenburg’s (2010) Multi-lines in a single U-line 

 

 

Double dependent U-lines as illustrated in Figure 3-7 consist of two U-lines whose entrance 

and exits are facing each other. This configuration offers the same possibilities as Multi-lines in 

a single U-line above. 

 

 

 
 

Figure 3-7 Illustration on Miltenburg’s (2010) Dubble dependent U-lines 
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Embedded U-lines which are illustrated in Figure 3-8 are arranged with a large U-line operated 

from the inside surrounding a small U-line operated from the outside. This configuration is 

space consuming and violates the principle of the same operator handling both entrance and 

exit. It is consequently not used very often. 

 

 
Figure 3-8 Illustration of Miltenburg's (2010) Embedded U-lines 

 

Figure eight pattern layouts consist of three U-lines as can be seen in figure 3-9. These are 

generally run by two operators. This layout might, like the Embedded U-lines, cause different 

operators to handle the entrance and exit of a line. 

 

 
 

Figure 3-9 Illustration of Miltenburg's (2010) Figure eight pattern 

 

Multi-U-line facility are several U-lines combined together to ultimately form a large U. 

Optimally all the lines in a large room should form a U-line together (Miltenburg, 2010). 

 

L-shape lines 

The L-shape is also one of Groover’s (2008) segmented in-line configurations. This 

configuration basically consists of two or more straight lines, usually perpendicular to one 

another.  This configuration is superior to the I-shaped line when available floor space limits 

the length of the line or when a special surface is most suitable for machining (Groover, 2008). 

 It can also be advantageous for different storage considerations (Bicheno et al., 2011). 
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Circular shaped lines 

One application of the segmented in-line configurations is the circular or rectangular line. This 

layout automatically returns fixtures to the origin. Another advantage is when the application 

requires backtracking moves. In this case the products do not have to interrupt the flow by 

stopping or moving backwards, but can simply recirculate. (Groover, 2008) 

 

 

Other shapes of lines 

The bird cage layout, illustrated in Figure 3-10, is described by Monden (2012) as one of the 

layouts Toyota has chosen to avoid. In the bird cage layout each worker is surrounded by 

several machines of the same type. This layout makes it difficult to synchronize stations with 

each other and intermediate inventory is often produced. 

 
 

Figure 3-10 Illustration of Monden's (2012) Bird cage layout 

 

A layout, which Toyota names the isolated island layout, ensures a smooth flow of products 

and a continuous walking route with the least distance. However the workers in this layout are 

isolated from each other and therefore cannot help each other. This layout improves the 

efficiency of individual workers by removing unnecessary movements, but creates inventory 

between different islands.  (Monden, 2012) 

 

Serial and parallel configurations  

In  serial line configurations, also referred to as coupled operations, the material is moved 

automatically and the downtime of one station causes the whole line to come to a halt since the 

other machines are either blocked or starved (Spicer et al., 2002), which reduces the output to 

zero (Belmokhtar et al., 2006). The opposite would be to have decoupled operations, so called 

“islands”. However, this kind of layout bakes the waste of overproduction and waiting into a 

cell and this is repeated many times each shift (Rother and Harris, 2001). Moreover, while 

decoupled operations in a line prevent the whole line to come to a stop when there is a problem 

they also make it difficult to notice production problems when they happen (Rother and Harris, 

2001). As a result of this, and also the decreasing cost of CNC machining centers, the long 

serial lines are more often exchanged by high volume manufacturers for parallel configurations 

with shorter lines connected with crossovers (Spicer et al., 2002). This allows for parallel 

processing but also for the machines to back-up other failed machines, causing only a portion 

of the productivity loss. This leads to parallel systems having a higher throughput than serial 

systems (Spicer et al., 2002). 
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4 EMPIRICAL FINDINGS 
This chapter presents the empirical findings of the thesis. A categorization of the different 

factors has been made and used in the paragraphs in this and the following chapters. The 

categorization is partly based on the RPA assessment developed by Goodman (Goodman, 

2002) but has been adjusted to fit the factors identified in literature and during the interviews 

and also in order to support the layout rather than the daily operations. 

 

4.1 Case Company 
The empirical findings are based on interviews, advisory meetings, observations and 

participation at meetings concerning layout development, observations of daily operations, and 

the result of the survey performed at the case company. The survey rated different factors 

ranging from 0 to 4 points, where 0 points are given to factors that are not important, and 4 is 

given to factors that are essential in the layout. To further visualize the results, a conditional 

format has been used on the cells, highlighting the lowest values with red color and the highest 

values in blue. The data has been divided into responses from white collar workers (WC – 

column) and operators (OP) to display differences in opinions between the functions, and a 

total average, calculated as the mean value of the white collar and operator averages is added to 

indicate a mutual rating. Excerpts of the data gathered through the survey will be presented in 

chapter 4.1.2 to 4.1.11 and a full version of the survey result can be viewed in Appendix 3. 

 

The company has earlier, as a part of a lean strategy, moved towards a cell manufacturing 

system with multi-product lines, geographically grouped together with other lines producing 

similar products. The aim of this was to increase efficiency, reduce WIP and also to put people 

with similar competences closer to each other. In a coming capacity step, creating a straight 

material flow on a facility level is the primary focus on a macro level in the factory.  The 

material flow within the lines aims to fit the macro flow. With the low reliability, long setup 

times and often poor balancing of lines, the strategy to create buffers between machines to 

avoid production losses due to material shortage and to make lines semi-independence (this 

will be further addressed later in this chapter) is adapted at the company.  
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In 2013, a workshop group at the case company visited two German manufacturing plants, and 

two Swedish manufacturing plants to by themselves perform a Rapid Plant Assessment (RPA), 

developed by Goodman (2002). As illustrations in Appendix 5 shows, the company received 

both less than average scores and the lowest scores of those involved in the comparison. As 

illustrated in Figure 4-1 below, low scores was given in; Basic order and Cleanness, Visual 

Management system, Buffers and WIP, and Management of complexity and variability.  

 

 
 

Figure 4-1 Results of 2013’s RPA, received from Volvo GTO  

 
The biggest gap between the case company and the other evaluated plants, were related to 5S, 

Instructions, Cleanness and Visual Management. In general, it was found to be an absence of 

high results in the evaluation; except from Commitment to Quality and Supply chain 

integration. As can be seen in Table 4-1 below, only 6 of 20 possible yeses were given the case 

company in the RPA questioner which is the foundation to the graph illustrations in Figure 4-1.  

 



44 (82) 

Table 4-1 RPA Questionnaire based on Goodman (2002) received from Volvo GTO 

RPA Questionnaire
yes no

1 x 

2  x

3  X

4  X

5  X

6  X

7  X

8  X

9  X

10  X

11  x

12  x

13 x 

14 x 

15 x 

16  x

17  x

18  x

19 x 

20 x 

Total number of yeses 6

Have key product characteristics been identified and are fail-safe methods used to forestall propagation of defects?

Would you buy the products this operation produces?

Is the plant laid out in continuous product flow lines rather than in "shops"?

Are work teams trained, empowered, and involved in problem solving and ongoing improvements?

Do employees appear committed to continuous improvement?

Is a timetable posted for equipment preventive maintenance and continuous improvement of tools and processes?

Is there an effective project management process, with cost and timing goals, for new product start-ups?

Is a supplier certification process--with measures for quality, delivery, and cost performance--displayed?

Is material moved only once as short a distance as possible and in appropriate containers?

Are visitors welcomed and given information about plant layout, workforce, customers, and products?

Are ratings for customer satisfaction and product quality displayed?

Is the facility safe, clean, orderly, and well lit? Is the air quality good and noise levels low?

Does a visual labeling system identify and locate inventory, tools, processes, and flow?

Does everything have its own place, and is everything stored in its place?

Are up-to-date operational goals and performance measures for those goals prominently posted? 

Are production materials brought to and stored at line side rather than in separate inventory storage areas?

Are work instructions and product quality specifications visible at all work areas?

Are updated charts on productivity, quality, safety, and problem solving visible for all teams?

Can the current state of the operation be viewed from a central control room, on a status board, or on a computer display?

Are production lines scheduled off a single pacing process with appropriate inventory levels at each stage?

 

4.1.1 Safety and Environment 

Through interviews, it was found that the company has been successful at reducing the amount 

of reported accidents at the plant recent years. Safety is considered essential for reducing the 

amounts of accidents and occupational injuries, but also to increase job satisfaction. A large 

focus on lifting aids and other ergonomic facilitators could be identified during interviews with 

both operators and management. Practices for this are thoroughly described in standard sheets 

at the company and well developed for frequent operations. For instance, the manual material 

loading should avoid the 180 degree loading where the operator is located between the pallet 

and the conveyor.  Loading and unloading is automatized is the plant where this is feasible, and 

remaining lines are equipped with height adjustable platforms and hoists. Heavy lifting and 

uncomfortable work positions do however occur at times when work is performed within the 

machines, due to poor machine design.  

 

During interviews with operators, a concern for forklifts and work in the forklift aisles could be 

observed. The general pursuit at the company was to eliminate all work in forklift aisles; some 

also expressed the need for removing jobs also close to forklift trafficked aisles. This was 

especially addressed where work was done with the operators back towards the aisle. This 

meant that they were unable to see forklifts approaching, which lead to uneasiness amongst the 

workers. The ideal vision for the future was to eliminate all forklifts in the plant; the goal in the 

nearer future was to replace forklifts with pallet trucks in areas where operators are working.  
 

As can be seen in the Table 4-2 below, a safety risk that received considerable attention was the 

work within robot cells. Safety in these areas was to be achieved by full insight in the robot 

cell, especially from the control panel to prevent robots to be started while someone in the cell. 

It is also ensured by safety locks the operators use to hinder the door to the robot cell from 

closing. The robots can in turn not be started unless all the doors are closed. During one 
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interview, the request for totally automated safety – thus safety should not be a result of human 

action and hence not be lacking because of forgetfulness – was lifted. According to the 

company’s standard sheets, the lines should also be easy to evacuate in case of danger. 
 

Table 4-2 Questions and results regarding safety and environment 

Questions Average WC Average OP Total average 

Full insight to robot cells from control panel 3,39 3,24 3,31 

Automatic safety in robot cells 3,24 3,63 3,43 

Lifting aid at every heavy and/or repetitive lift 3,89 3,65 3,77 

All work can be executed ergonomically. 3,58 3,53 3,55 

Forklifts are eliminated from the blocks 3,00 2,36 2,68 

Machines, electrical cabinets etc. are not handled 
close to or on forklift aisles. 2,79 3,29 3,04 

 
 
Another problem related to safety and environment is dust from dry processing and fluid 

leakages from wet processing. The latter is due to leaking machines and products leaving the 

machines un-dry. Processing fluids on the floor makes them slippery which constitutes a risk of 

slipping for the workers. The company’s plan was to add a rubber coating to the floor to make 

them easier to clean, but operators also requested that oil leakages from machines and 

processes must be prevented. It was however frequently addressed that it is important that the 

work area is easy to clean. Other ideas on how to achieve this came up during interviews, such 

as; fixed facilities where machines are elevated and cabinets, lockers and other equipment are 

provided with wheels to enable cleaning underneath. To many operators interviewed, the 

biggest concern related to cleaning was wet process spill inside robot cells. This was due to 

floors being uneven and occupied with cables and other objects making them hard to clean as 

well as much processing fluid spill spread outside the robot cells.  

 

Finally, environmental aspects are related to noise, light and air in the plant. Noise is a constant 

factor in machining area and in the planning for the new layout, consideration to noise was 

made by placing machines so that the processing part of the machines, which created the most 

noise, was facing away from the center where the operators were expected to reside. The use of 

noise protection was also discussed but it was concluded in meetings that these often 

compromise the visual overview of a block and should therefore be avoided if possible.  

Handling of chip containers are also a common noise concern among operators and many 

addressed the need for better wheels on containers, the elimination of long metal chip tangles 

getting stuck in the wheels, and shorter routes for transporting full containers to reduce the 

noise level. The manual transporting of chip containers was also commonly addressed in 

relation to ergonomic practices as these are heavy and hard to move for operators. 

 

In relation to light, sufficient lightning was viewed as important by operators and during 

interviews many addressed directional lamps within machines to be beneficial as fixed lamps 

could be blinding in some work positions or provide insufficient light in other. The plant was 

generally dark, which was addressed by a planned repainting of the factory in light colors. 

Floors were also planned to be painted in a light tone but the avoidance of reflection was 

brought up by both white collars and operators. Finally, air (and foremost the temperature) was 

frequently addressed as a concern by operators but also recognized by white collars. The indoor 

climate at the plant was generally warm throughout the year but at summer months it could 



46 (82) 

reach unbearably temperatures. The plan was to install a new cooling system to come to turns 

with the air environment.  

4.1.2 Visual Management 

It is considered central at the case company to make the workplace visually transparent to the 

operators. The current layout was optimized with regards to the operators in a single line; the 

future vision was to move this to a central area with an overview over an entire block and make 

everything visual. Seeing machines, light beacons, status of production, machine failure causes, 

product flow, buffer levels and upcoming material requirements are viewed most important 

according to the weighing survey, see Table 4-3 below. 

 
Table 4-3 Questions and results regarding visual management 

Question Average WC Average OP Total average 

High application of 5S. 3,26 2,44 2,85 

Overview over all machines in a line 3,26 3,18 3,22 

Overview over all lines in a block 2,89 2,40 2,64 

Real overview as supposed to computerized 2,33 2,69 2,51 

The line has no blind-zones 2,56 2,53 2,54 

Light beacons are visible 3,42 3,41 3,42 

Production status is easily understood 3,32 3,24 3,28 

Failure causes are easily understood 3,32 3,29 3,31 

Product flow is easily understood 3,21 2,88 3,05 

Full overview into the block from the aisles 2,21 2,18 2,19 

 

 

It came up during operator interviews that use of gratings for surrounding robot cells can 

hamper visually as these allows boards, tools etc. to be hung on them. Construction including 

Plexiglas was considered a better solution, but the combined use of Plexiglas and sensor-

fencing were generally preferred amongst the interviewed workers in the plant.  

 

A debate during interviews was whether visual overview of a block needed to be over the 

actual machines, or if overview achieved by illustrating the machines on computer screens 

could suffice. As Table 4-3 above show, real overview received medium importance in the 

survey; so did the importance of not creating any blind-zones.  

 

It is common to have colored walking paths for workers in the production plant to separate 

humans from trucks, albeit these were not guaranteed to be forklift free, since forklifts could 

use these zones when passing obstacles in drive ways, meeting another truck, backing, or when 

crossing corners in turns. From a layout perspective, clear sight at line corners, around entry 

and exit points to lines is necessary. The use of mirrors at intersections was also observed.   
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4.1.3 Scheduling System 

The scheduling was ultimately based on customer orders but the pressures on the production 

output was very high which lead to the lines working at full speed regardless of the activities at 

the downstream processes. Because of this, the company had large inventories and material 

often cumulated at the end of the soft processing lines due to problems in the quenching area. 

This consumed a lot of space at the lines and was solved with pallet shelving. The vision is 

however to reduce the use of forklifts, which requires that material is stored accessible for other 

material transportation systems.  

 
Table 4-4 Questions and results regarding scheduling systems 

Question Average WC Average OP Total average 
Upcoming material requirements are easily 
spotted 3,16 3,18 3,17 

Buffer levels are easy to see 3,21 2,88 3,05 
There’s a dedicated location for in-and 
outgoing material 3,53 2,65 3,09 

 

Among others, buffers are currently used to keep lines running during lunch breaks, thus 

enabling operators to have lunch breaks together. In interviews, foremost with the management 

level, the question whether this practice should be used in the future was lifted. As can be seen 

in Table 4-4 above, visual buffers and material requirements are considered important both by 

white and blue collars. Regarding suitable buffer levels, an idea for the future layout included 

to present one shift’s planned material at the line to enable visual status and minimize the risk 

of overproduction. Concerns regarding the space this would require at each line were however 

lifted among both white and blue collar workers and whether this concept should be included in 

the vision was not yet decided. 

4.1.4 Use of Space 

Industrial area is considered a valuable resource to the company and there were some conflicts 

between leaving space for future expansions and a maximum utilization of the space. The 

general compromise is to leave space for currently known planned expansions while 

prioritizing the current utilization of the floor over potential future expansions. Some areas 

were however still left empty in order to avoid intersecting flows and create a consecutive flow 

of material on macro level.  

 

On a micro and midi level, limited space within the blocks forced the layouts to use space as 

efficiently as possible. During the layout meetings a lot of time was spent on making the 

movement between machines as short, safe and easy as possible. This was for instance made by 

having mirrored machines  (meaning control panels on machines next to each other facing the 

same area), by not creating any blind zones, separate operators from truck aisles, and avoid 

material handling systems creating barriers. The company has, before this study, implemented 

a material transporting system, called a portal, in one line. In this system, the parts are being 

transported elevated between machines and were selected for the low foot print and spacious 

layout it could provide. The pilot implementation of the portal system was regarded as a 

success at the company and a decision to apply that solution to other lines where possible were 

made. Due to the portal not allowing many parts to be transported at once, the company found 

the system insufficient for lines where products whit low cycle times are processed.  
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Equipment for setup and maintenance are also available close to the machines. In- and 

outgoing material and metal chip containers rarely have dedicated places, a topic which is 

briefly considered in the layout of new machining lines but frequently addressed during 

interviews with operation.  

 
Table 4-5 Questions and results regarding use of space 

Question Average WC Average OP Total average 
 Machines can be operated with minimal movement for 

operators 2,56 3,00 2,78 

It’s possible to sit at the workplace 2,11 3,41 2,76 

There is space available for a desk  2,37 3,47 2,92 

There is space for measuring stations 3,11 3,53 3,32 

It is easy to move between lines 3,16 3,18 3,17 

Similar machines are close to each other in the block. 2,22 2,69 2,46 

In- and outflow can be seen at the same time 1,89 2,12 2,01 

The layout is space-efficient 3,17 2,69 2,93 
 

Previously operators in each line have generally decided the design and location of their work 

place within the line. The company vision for the future layout was to have a standardized team 

place at each block and a group of people representing WPO and VPS were assigned to design 

the standardized team place and was informing the layout group on midi level about the 

location and space requirements for this area. The benefits of a standardized team area were 

besides esthetic benefits in the plant, thought to facilitate the rotation of operators between 

blocks due to recognition and ease to orientate in the new work place. For the same reasons, a 

strive to conform the layouts of the machining lines in their entirety was also made.  

4.1.5 Material Flow 

The company vision for the material flow was on creating a logical, straight, flow on the macro 

level. Focus was also on creating a visual flow of material. On a midi-level the configurations 

used were straight lines in cases with very long lines where there is only room for two layouts 

within the same block, and a U-shape or L-shape on the block layouts containing four lines. 

The company wanted as far as possible to create coherency in line layouts (and thus material 

flow) throughout the factory, but due to processing differences between different product 

groups, it was decided that coherent material flows for each product group should be sought.  

The curing of the products was too complex and space consuming to be integrated in the 

respective lines. This causes the production to be divided into three parts; soft processing 

production cells, curing, and hard machining cells. The production system is thus a mix of 

cellular manufacturing and a process layout, and the aim was to avoid any kind of crossed 

flows between these three parts. The material flow on a midi- and micro level is not as 

explicitly described in the vision, but generally needs to support the macro flow.  
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Table 4-6 Questions and results regarding material flow 

Question Average WC Average OP Total average 
 

Delivery and pickup places match the macro flow 3,16 2,50 2,83 

Logistics can deliver straight to point-of-use 2,71 1,88 2,30 
The line is loaded and unloaded close to delivery 
points.   2,65 2,00 2,32 
Linen kan laddas och plundras utan att störa 
processen 3,37 3,00 3,18 
Material loading adapted to future atomization (eg.. 
AGC) 2,42 3,00 2,71 
Processes producing the most metal chips are closest 
to pick up point. 2,32 2,24 2,28 
There’s space to move easily with metal chip 
containers 3,26 3,24 3,25 

 

Through interviews and observations it was noted that a clear vision for the material handling 

in the interface between logistics and operators in each line was absent.  Through information 

from logistics representatives, an idea for the future layout is the use of pallet-trains 

/AGV/AGC which automatically load and unload each line. Whether this material handling 

strategy is decided to be included in the vision or not is however not communicated clearly and 

only sporadic consideration to this solution is made during layout meetings.  Logistic 

department representative also addressed that metal chip containers should be places close to 

forklift aisles, preferably in order of what process producing most chips. This was supported by 

operators and considered during layout meetings.  

 

The company worked towards minimizing repackaging and separate storage areas. 

4.1.6 Teamwork and Motivation 

Each line was operated by one to two workers per shift, and the training period could be several 

years for an operator to be fully independent on a complete line. The average utilization of 

operators was allegedly under 25%. The company's future vision was largely focused on the 

value of human competence. Forklift aisles between production lines in the same block are 

avoided to the highest degree in the new layout to benefit teamwork. Stairs as a way to 

facilitate movement between areas that are blocked by conveyors are considered a last resort 

due to inconvenience and safety risks. A central team area for meetings and work with 

improvements is planned for each block, possibly with a shared desk area for paper work; as 

oppose to the current situation were some operators have individual areas for desk and paper 

work, and others have shared areas for this.  

 

Conscious efforts to involve people from different parts of the manufacturing plant are made, 

including operators, finance, production technicians and purchasers. The interviews showed 

that operators to a higher degree wanted to be involved in the choice and purchase of machines 

than in the design of the line layouts - which they also were.  

 

For continuous improvements, the company has a standardized way of working with this, but 

it’s commonly perceived by operators as bureaucratic, troublesome and many operators point 

out the lack of motivation from the reward and recognition system.  
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Table 4-7 Questions and results regarding teamwork and motivation 

Question Average WC Average OP Total average 
 There’s a dedicated place for team-meetings. 3,16 2,19 2,67 

There’s a joint desk place within the block. 2,95 2,65 2,80 
The team area location has overview over all lines in 
the block 2,74 2,35 2,55 

The team area is located with regards to noise 3,11 2,71 2,91 

 
During interviews, operators also addressed the presentation on white boards of figures and 

numbers of production status in team areas and at meetings. Some operators thought that much 

information was irrelevant to present, hard to understand, and that white boards were too 

frequently used. While others believed figures and numbers of production status etc., could 

motivate and contribute to the feeling of joint ownership of the team.  

4.1.7 Condition and Maintenance of Equipment and Tools 

The factory consisted of lines of widely varying ages. The oldest lines had machines over 68 

years old while others were renewed within the last year. During interviews with operators, 

leakages of processing fluids from machines combined with the lines being difficult to clean 

were perceived as a big problem. Interviews with the maintenance department revealed that the 

level of complexity was perceived as unnecessarily high; especially for the material handling 

systems within the lines. Interviews with operators also pointed out that the maintenance of 

machines was prioritized on the expense of the material transporting system such as conveyors.  

  
Table 4-8 Questions and results regarding condition and maintenance of equipment and tools 

Question Average WC Average OP Total average 
There’s space for maintenance to reach everything 
with a crane 3,21 3,18 3,19 
Maintenance can be conducted safely for 
technicians and operators 3,63 3,65 3,64 
Products are clean from oil/chips/dirt when leaving 
the machine 3,37 3,06 3,21 

Maintenance is conducted free from forklift aisles 2,68 3,18 2,93 
Maintenance workers can keep eye contact during 
work 2,33 3,00 2,67 

The line is easy to clean 3,17 3,31 3,24 

 

As can be seen in Table 4-8 above, many aspects regarding condition and maintenance in the 

lines are considered of high importance to both operators and white collars. During layout 

meetings, consideration was foremost made to maintenance ease of access to machines with 

crane. 
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4.1.8 Management of Complexity and Variability 

The level of automation was, besides competition with low cost countries, high due to high 

quality demands on the products. At the case company, many solutions are so customized that 

they are new even to the supplier, which often leads to delays and unexpected problems that 

need to be solved in ongoing production; creating a degree of dissatisfaction and annoyance on 

the production floor. Some results of the survey related to automation and complexity are 

presented in Table 4-9 below. During interviews, automation was a subject for disagreements; 

regarding aspects such as the space and process efficiency of a multi-process machine contra 

the simplicity and reliability of several single-process machines, or the efficiency of a highly 

customized machine contra the price and flexibility of more standardized solutions, or the 

ergonomic and fast automatic loading contra higher utilization of operators. The need for 

challenging the current automation level at the case plant was however expressed by 

representatives of high management during meetings and interviews. This view of automation 

was also found if several interviews on other levels at the company. 

 

To make new machine easier to learn, operators and white collars address the need for more 

coherencies among brands of machines in the plant. To meet this, the case company was 

working towards using only a few (by the case company evaluated and approved) suppliers for 

machines and automation solutions acquisition. The company has listed their suppliers into 

group A, B and C illustrating what suppliers should first be considered. This action was also 

made to create a closer relationship to suppliers which could benefit the cooperation of finding 

reliable, customized automation solutions, and minimize the use of new, untested suppliers. 

The idea of creating a prototype plant for testing new automation solutions and develop new 

concepts for the production system was also briefly lifted at the company as a response to 

process disturbance and irritation among workers when introducing new equipment in 

production. The idea of creating a prototype plant to assess, try out and learn new automation 

concepts and machines were briefly mentioned at the case company as a solution to this.  

 

 
Table 4-9 Questions and results regarding management of complexity 

Question Average WC Average OP Total average 

Machines are easy to learn 2,58 2,26 2,42 

The lines use the latest automation solutions 2,28 2,56 2,42 

The lines use tried and proven automation 2,72 2,94 2,83 

The automation level is kept simple 2,79 2,47 2,63 
Machines are compatible with existing loading and 
transporting systems. 2,72 3,13 2,92 

Automation follows a company standard 2,63 2,56 2,60 
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4.1.9 Flexibility 

The main focus of flexibility was on reduced setup times (process flexibility) to increase 

production and facilitate the change between different products in a line, allow space for future 

capacity increases (expansion flexibility), and labor flexibility. Due to long setup times, the 

strategy was to connect lines with a semi-independence, which means that products can be 

introduced or brought out half way through a line, to allow for flexible routings (routing 

flexibility) in case of planned or unplanned stops. This is taken in consideration at layout 

meetings and as illustrated below, white and blue collar workers regard this fairly similarly in 

importance. Routing flexibility was further facilitated by the grouping of similar products and 

processes in the factory, and products within the same groups going through very similar 

processing. The company was also starting to move away from fully sequential lines towards 

wider layouts with two or more machines doing the same process to increase reliability and 

ensure that parts of the production can continue even in cause of machine failure. 

The setup times are currently substantial, at some cases up to a full shift. Teamwork and joint 

efforts during the setups are perceived as the primary solutions.  According to earlier studies 

performed by personnel at the case company, the setup times allegedly vary slightly depending 

on who does the setup, but the effect of cooperation is significantly better.  

 
Table 4-10 Questions and results regarding flexibility 

Question Average WC Average OP Total average 
The lines within the block mainly have machines of the 
same brand.  2,24 2,76 2,50 

The line can be adapted to new products 3,05 2,88 2,97 

The line can adapt do volume fluctuations 2,89 3,06 2,97 

There’s space for future expansion 2,74 2,93 2,84 

It’s easy to rebuild and move the line 2,37 2,06 2,22 

It’s possible to alter product routes in case of failure 2,68 2,44 2,56 

4.1.10 Quality Control 

The products produced at the plant are considered to maintain a high quality which is a big part 

of the plants competitiveness. This was also stated in the RPA evaluation, illustrated earlier in 

this chapter. All measuring was handled in a central measuring department and delays often 

occurred because the lines had to wait for approval from the measuring department to start the 

production. A vision for the future was to complement the central measuring department with 

smaller measuring stations within each block to facilitate regular quality control and reduce the 

waiting time between the measuring department and the lines.  

 
Table 4-11 Questions and results regarding quality control 

Question Average WC Average OP Total average 
There are dedicated locations for quality control along the 
line 3,00 3,24 3,12 

Quality control spots are equipped with measuring tooling.  3,00 3,53 3,27 
The operators are physically close to the products 
throughout the line 2,74 3,13 2,93 

Scrap levels are visualized at the line 2,72 2,25 2,49 
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4.2  Benchmarking Company A 
Company A recently developed a completely new production line with the purpose of creating 

self-supporting production cells in favor of the current functional layout. The largest benefits of 

this were the facilitated planning and the one-piece flow. The highest priorities in the design 

were material flow, safety and industrial footprint.  

 

A U-shape was considered for the micro-layout thanks to its minimal footprint but had to give 

way to a layout that better supported the material flow on a facility level. Conveyors between 

each machine were used to create one-piece flow and to save the space that was originally 

consumed by pallets and WIP on the floor between the machines.   High quality demands and a 

complex production flow required high investments on the material transportation system 

within the line. The transport distance on conveyors was despite this not a priority, and 

algorithms to achieve the minimal distances were seen as troublesome and with a limited 

overview and thus used very little. Instead, access to the products and overview were 

considered more important.  

 

Teamwork was not considered of high importance in the layout process but rather a question 

for the way of working during operations. However, there was an aim to reduce distance 

between workers, mostly by installing stairs in order to cross lines.  

 

To make the layout process more creative and visual, company A printed illustrations of each 

machine included in the line under construction on magnetic paper.  This made different 

concepts for the layout easy to theoretically try and illustrate as well as it facilitated 

understanding and discussion. 

 

4.3  Benchmarking Company B 
Company B recently rebuilt some assembly lines within the plant. The most important 

parameters were the material flow in and out of the cell and also to each assembly station, 

ergonomics, flexibility, productivity and social factors such as enjoying the workplace to 

decrease the employee turnover.  

 

As the company is mostly focused on assembly the work assignments were short and simple 

and did not require cooperation to be handled. Instead, due to the repetitive work, teamwork 

was considered a socially important factor where a higher employee satisfaction was achieved 

by allowing for the assemblers to communicate with each other while working. Rotating 

between stations was a part of the daily routine with the purpose of giving more variety to the 

job and to allow workers to be added or subtracted from the line to handle volume fluctuations. 

Due to the high amount of components the material flow was a high priority and the entire 

plant was designed with regards to the flow of material. Each assembly station is fed with a 

FIFO system built on standard components which also allows it to be easily rebuilt. Industrial 

robots were considered more flexible and cheaper than conveyors and hoists. The robots were 

generally very small. In case of larger components delivered on pallets, the entire pallet could 

be brought out of the pallet rack manually by using a ratchet.  

 

Quality was mostly ensured automatically, with cameras inspecting the products and defective 

products are automatically channeled out of the product flow to be adjusted. The fact that the 

product moved from person to person also ensured a better quality than a chase system where 

the operators move with their respective products and thus are less likely to detect own 

assembly errors. 
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Workers are constantly involved in kaizen work, and small solutions such as assembly fixtures 

are often made by workers in the plant. The automation is simple and machines can often be 

fixed solely with an allen wrench and there are several workers within the daily operations who 

can fix problems immediately. 

 

The visualization level is high, with pick-the-light systems and floor markings for the location 

of different things.  

 

Ergonomics are as mentioned important, and mostly achieved by height adjustable platforms. 

Adjustability is the motto, people should be able to decide the appropriate work height for 

themselves, as well as whether they want to do the work sitting down or standing. Regarding 

safety the aisles are shared between forklifts and workers. The robot cells are generally too 

small to enter, and always too small to allow for anyone to hide there. Despite this a routine of 

always bringing the ignition key into the robot cell, combined with the robot automatically 

interrupts the work whenever the door is opened, are added to increase safety at the plant. One 

of the lines are operated from the inside, this is optimal with regards to the material flow but 

might be a hinder in case of evacuation.  

 

4.4  Benchmarking Company C 
The greatest focus in respect to the production layout is made to flow, flexibility, and visual 

management. Since a few years back, company C's production layout is characterized by single 

machine arrangement as oppose to the earlier line arrangement. This was made respect to 

achieve higher level of flexibility, utilization of machines, and to decrease sensitivity to 

disturbance in production. Quality benefits from single machine arrangement as it include 

several decision making stations which allows for the right choice to be made. The new 

management however wants to optimize the plant with respect to better utilization of workers, 

an effective and straight material flow on macro level, space for new machines and cells, and 

they advocates the line concept in favor for one piece flow, reduction of WIP. Thus the plant 

needs to defend their current production layout. 

 

Through the use of single standing machines the plant can handle product variations well, but 

lead time and can delivery reliability can be negatively affected due to buffers and several 

routings opportunities. Moreover, the current strategy in arranging machines contributes to 

volume flexibility, as single machines can be easily added or subtracted where needed. It also 

affect costs as a whole line do not need to be purchased to meet increased demands in capacity. 

Focus at the company has been on making every machine accessible by crane to allow 

machines to be easily moved. This spacious layout is however seen as unnecessary as it creates 

a large footprint; but it is positive to have a plan for how to move machines. The company 

point out that flexibility must exist, but it is costly and should not challenge the optimization of 

daily operations.  

 

Material is moved manually within the machining area on manual carts, and otherwise 

transported by forklifts or AGC which automatically loads to robot cells through conveyors. 

Material is triggered by a pull system. The plant had previous problems with forklift traffic and 

material control. Implementing visual management and control helped improve the situation as 

forklifts were reduced and status of production was easily understood. To reduce traffic, 

processes that creates most chip was also placed closes to exits.  Between stations, dedicated 

floor space for different products are assigned and metal rails make sure the manual carts are 

organized in straight lines and in a FIFO system. Color markings on the floor indicate max and 
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min buffer levels. This enables the right decision to be made by anyone, facilitate scheduling, 

and works to prevent overproduction. It also requires communication and cooperation of 

operators responsible for the buffer, thus create teamwork even if not official stated as a way of 

working. For larger distances, kanban cards are used. Visualization is also considered through 

the use of monitors showing machine status in break areas and other areas where operators are 

located. Status of production, including output, goal and difference is also made visual in 

machining area and is a mean for motivation, fast response and action. The company also point 

out the importance of a good first impression of the plant, and work towards this by offering a 

spacious, light and informative entrance to the production floor.  

 

Machines are unfortunately often bought on deliver time, but optimal is to minimize the 

amount of different brands on machines to benefit operators, maintenance, and stocking and 

cost of spare parts. Earlier, a high automation level was sought in order to keep cost of workers 

low. Today, a lower level of automation is a result of instead keeping costs of investments 

down. It is seen as importance to place similar stations close to each other as it minimize 

distances for operators, improve control and facilitate rotation of operator. Common places for 

meetings can also be positive, but more important is that operators are close to the own 

machines. Machines should be place to create straight corridors in the plant and if possible 

machines should be facing each other to make use of the same work zone.   

 

Finally, a large problem within the ergonomic practices is that operators sometimes prefer 

manual handling to lifting aids, since the latter is perceived to slow down the work.  
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5 ANALYSIS 
 

In this chapter, parallels, similarities and conflicts between theoretical and empirical findings 

will be highlighted. In literature, future demands of customer and markets was found and was 

by Lindström (2008) translated into the seven competitive priorities: 1. Performance, 2. Speed 

3. Cost, 4. Innovativeness, 5. Dependability, 6. Flexibility, and 7. Quality. A company’s 

production layout can impact all of these priorities and is critical to long-term survival in 

production.  

 

The case company is characterized by a Cellular Manufacturing System, which in theory can 

support all seven competitive priorities identified by Lindstöm (2008). The priorities are 

supported by benefits of CM found in the literature such as: reduced conveyance, man-hours, 

lead time and support personnel which supports productivity), shorter throughput time and 

setup time  which benefits speed), less WIP which benefits cost), enhanced worker morale 

supports innovativeness), early recognition of deficiencies supports dependability and quality), 

simplified planning and increased flexibility of product mix and volume. The most important 

downside to CM according to theory includes difficulties to respond to sudden changes, 

increased operator training time, and difficulties in controlling work-pace (Isa and Tsuru, 

2002). This have been confirmed by interviews, discussions, and observations at the case 

company; foremost the two latter aspects. 

   

5.1  Safety and environment 
When weighting the statements derived from the interviews, the respondents at the case 

company rated safety related factors the highest. Ergonomic questions, including the manual 

material handling, received the highest ranking of all - which indicates the priority of 

ergonomic questions and how well communicated this is throughout the manufacturing plant. 

According to literature, paying attention to ergonomic aspects in the workplace is both ethically 

and economically beneficial (Bicheno et al., 2011); thus it can benefit the fourth competitive 

priority identified in the literature- Cost. Also at reference companies A, B and C were 

ergonomic practices the first aspects of safety to be brought up. At case company C, the biggest 

issue related to ergonomics was that operators did not use existing help aids for manual work 

since the equipment slowed down the work pace. While preparing a workplace ergonomically 

it is therefore important to know that even if workers have the option to use lifting aids, it is not 

guaranteed that they do. This is especially true when lifting aids are slower than manual 

handling, and products are of manageable size. Increased ergonomics might thus be further 

supported by more agile equipment. At company B, which mostly indulged in assembling 

small products, adjustability was the motto when it came to ergonomics and the use of height 

adjustable platforms was the most frequent way of ensuring ergonomically correct work 

positions for employees, both sitting down and standing up.  Adjustable platforms were also 

used at the case company, mostly at material loading stations; but enabling workers to perform 

the work sitting or standing like company B was not considered.  A wish to perform any other 

work than paper work and monitoring while sitting down was not expressed at the case 

company.  Ergonomics of the daily work was generally well developed at the case company but 

practices in case of machine failure, changeover, or maintenance still have room for 

improvements. In interviews with operators, it was found that the major ergonomic issues were 

caused by machine design where components were often placed well into the machines and 

thereby hard to reach in case of failure. Improvements could be achieved with suitable 

platforms and lifting tools. From a layout perspective, there must consequently be space 

available to add lifting tools and platforms where they are needed, and when purchasing 

machines, ergonomics should be considered also in case of failure.   
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A surprising result was that despite the strongly communicated goal of eliminating forklifts at 

the case company, this was considered a comparatively low priority when weighted, especially 

among the operators. This is possibly due to the fact that forklifts are used in the daily work 

and there are no alternatives presented. The risks of forklifts could then be weighed against 

completely manual handling instead of alternative methods such as AGV or milkruns. At 

company C, the number of forklifts was decreased as operators moved material on manual carts 

or AGC instead of with forklifts. The case company, company C, and literature (Goodman, 

2002; Bicheno et al., 2011) clearly expressed a concern for forklifts in production 

environments (due to space requirements, safety of workers, levels of dirt and pollution, the 

encouragement of unnecessary movement, and cost). At company B, workers and trucks shared 

aisles; but they were on the other hand not highly trafficked.  

 

Regarding the work in and around robot cells, it must be impossible to start a robot without 

being absolutely certain that nobody is within the robot cell. Some people at the case company 

even stress the value of eliminating the human factor in the security system by fully automating 

the safety in robot cells, for example with pressure sensitive floors inside the robot cell. The 

safety inside the robot cells at company B were supported by the cells often being too small to 

enter and always too small for anyone to hide inside them.  

 

Literature stressed that in a clean and orderly plant, parts move in an efficient and safe manner. 

The case company planned to achieve the first partly by adding a rubber coating to the floor to 

make the floors easier to clean. This can however make the floors even more slippery in case of 

oil leakages. The focus should therefore also be to reduce leakages and make sure that products 

are clean and free from oil when they leave the machine. A clean plant, for example with a high 

implementation of 5S, makes it easier to detect machine leakages. A well organized and orderly  

layout where everything has assigned places makes it easier to find tools and count inventory, 

which in turn supports the competitive factor speed.  To avoid a high noise level already in the 

layout phase, the direction of machines can be decided with regard to which parts of the 

machines create the most noise and the allocation of workers, as long as this can be done with 

respect to the visual overview. Later on noise levels caused by for example poorly lubricated 

machines or metal chips stuck in container wheels also are reduced in a clean plant.  

 

5.2 Visual management  
Visual aspects of a plant are according to both theory and practice important on many levels; 

and a main part of lean production. For instance, making it easier to spot machine failures 

shortens the response time and time to understand the status. This increases productivity, 

decreases unnecessary work and improves profitability which relates to competitive priorities 

like performance, speed and cost. Visualization also supports decisions, motivates the 

workforce and influences human behavior; which all benefit quality. 

 

The case company showed low ratings on 5S, cleanness and visual management in the RPA, 

and this is consequently a matter of focus today and well outspoken in the vision for the future 

layout. According to literature, current lack of visual control systems in production is thought 

to be a result of poor knowledge of benefits and how to implement such system (Ortiz and 

Park, 2011). The benefits of visualization were however expressed by managers at all visited 

companies. An urge to improve the low ratings in the RPA were expressed by the management 

of the case company early on in the thesis work, but the survey result (table 4-3) indicated that 

the perceived value of the central visualization tool 5S was not translated down to the 

operators, who rated this as a fairly low priority. Increased level of implementation could be a 
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result from better communication and promotion throughout the work force and from 

management stressing the importance of visualization. According to literature, poor 5S is often 

a cause to production problems (Bicheno et al., 2011); and it is thus important to spread the 

vision and knowledge about 5S throughout the company. Observations during layout design 

meetings revealed that focus on technical aspects such as machines and automation solution for 

material transport overshadowed discussions about visualization. Visualization is part of a long 

term strategy and doesn’t always offer a clear relation to quantifiable results such as increased 

productivity.  Aspects of visualization tended instead to be brought up mainly by workers with 

no direct responsibility for the line’s performance; for instance by logistics personnel, head 

team leader of the layout project or higher management.  

 

The learning time for new operators is very long at the case company and making the plant 

layout obvious by both hiding and highlighting affordances (Kirsh, 1993) to guide workers are 

readily apparent in well-functioning lean plants (Goodman, 2002) and it works to enable 

understanding, reduce the level of stress, and can greatly enhance productivity.  

 

Company B decidedly had the highest level of visualization of the visited companies. They 

used pick the light systems for the assembling and floor markings for the location of different 

things. Company A brought the idea of visualization into the layout planning process by having 

machines printed out on magnetic papers to allow different layouts to be tried out in theory. A 

similar method was tried out at the case company and was met positively as it benefitted 

creativeness and discussion. Such a strategy also made sure all equipment was taken into 

consideration and was assigned a specific area – something that had been lacking at the case 

company in earlier layout processes. Taking it one step further, thus making 3D illustrations to 

work with in the layout process, could benefit the feeling for space and accessibility which was 

perceived as troublesome for some workers at the case company and explained why some 

operators rather were involved in the machine acquisition process than the layout. 

 

An issue in automated production, found in literature and supported by the empirical study, is 

that automation challenges the visualization of processes. For instance, the interface between 

automation and operators can be troublesome and the literature pointed out that operators saw 

robots cells at “black boxes” (Hedlind and Jackson, 2010); thus this area need much attention 

when it comes to visual management. According to both literature and visited companies, 

sufficient information, located at places where people actually read it, helped to create 

understanding, engagement, ownership and responsibility. The literature also suggested the use 

of sounds, and different melodies assigned to each station, to signal in the event of a stop or 

problem (Bicheno et al., 2011). This has not been discussed at any company in the empirical 

study. Usage of sound might be hampered by, or further add to, an already noisy environment.  

 

That a visual management is dependent on both layout and communication is supported by 

both theory and practice. To benefit visualization, literature and empirics advocate that distance 

between different stations (and lines) should be minimized as well as building of barriers or 

monuments. (Rother and Harris, 2001; Bicheno et al., 2011) The existing layouts at the case 

company had been designed at various times the last decades and were at best optimized with 

regard to the operators in a single line  To support teamwork, which is an important part of the 

case company’s vision, visualization of the layouts need to be based on a block level rather 

than a single-line level. Light grids instead of steel gratings are promoted both in theory and 

practice as they help open up the layout. At the case company, it was lifted that it also prevents 

tools and similar to be hung up on the gratings which further hampers visibility. Literature also 

advocates the use of vertical tool boards to benefit visualization, free up floor space and reduce 
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horizontal surfaces (Ortiz and Park, 2011) for 5S purposes. Color coding to distinguish work 

zones and its associate tools, equipment etc. is also recommended in literature (Ortiz and Park, 

2011) but not stressed during company visits besides from when separating walking paths from 

forklift ways. At the case company, color coding to emphasize work zones had to give way to 

the strive for standardization.  According to the survey it was considered of lower importance 

to actually see the machines in a line, and a computer screen would generally suffice. This 

aspect of visualization was not encountered in the studied literature, but at company C – real 

overview of production status and buffer levels was considered to be highly important in the 

layout. Overview from the outside of the block, which was briefly brought up during an 

interview as a matter of safety, was considered one of the lowest priorities in the entire survey, 

strongly indicating that the focus of visual overview is from the inside of the block.  

 

According to literature, ergonomics should also be part of the visualization (Bicheno et al., 

2011). This was not mentioned amongst the aims at any company visited, but a few operators 

mentioned that they needed to stand up and/or turn around to see the lights beacons on the 

machines from their desk. It was also observed that placing a monitor very high and without 

sufficient tilt caused awkward postures while looking at them.   

 

Finally, Goodman (2002) advocated a layout that is welcoming to any kind of visitor and 

company C showed a high level of attention to this by providing a spacious, light and 

informative plant entry. At the case company, this aspect was mainly lifted in terms of 

providing a light and clean plant and by assigning an information board illustrating the 

products and processes of the respective lines at each block  

 

5.3  Scheduling system 
While visual buffer levels and material requirements were a high priority in the weighing 

survey, paced production between different processes in the plant was only briefly mentioned. 

The existing use of shelving systems at the case company required forklifts for the material 

handling, and caused the material to be moved several times and stored at different locations, 

which increased the complexity of the material flow and prevented the elimination of forklifts.  

According to literature, a well-planned lean layout allows for operators to communicate 

verbally and to see each other’s inventory (Goodman, 2002). But if each line produces its full 

capacity without balancing these with the rest of the plant, (and over production is not 

considered to be a bad thing), the purpose of visual buffers and inventory in the first place 

might be questioned. The literature suggest that kanban still is considered the most effective 

method for production control (Bicheno et al., 2011), any particular interest in this is however 

not emphasized at the case company. 

 

The simultaneous control of in- and outgoing material, which is highly praised by advocates of 

the lean inspired U-line configuration thanks to its support of line balancing and paced flows, 

was rated as the lowest priority of all in the survey.  While the literature ponders on the 

question if U-shaped lines support machining lines or assembly lines the most, the interviews 

and observations indicate that the benefit of line balancing due to the operator handling both 

the exit and the entrance, is not achieved with highly automated production and large buffer 

levels. Visual buffer levels and other ways to quickly grasp the production status are generally 

rated higher amongst white collar workers. Operators often complained about lack of space for 

outgoing material, but did not rate a dedicated location for the material as a particularly high 

priority. Dedicated locations for material was however frequently adapted at company A and B, 

and company B enabled correct decisions and prevention of overproduction by visualizing 

material demands and buffer levels between processing stations.  
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5.4  Use of space 
According to the literature, layouts have a great impact on system performance but despite this 

being a well-known fact it was claimed that companies often position machines and 

departments solely based on available space (Ortiz and Park, 2011). This statement has been 

verified by the empirics, but a change in companies’ attitude toward production layout was 

expressed at the visited companies. The literature further stated that the way space is managed 

has a strong impact on humans and the work they perform. This is supported by the interviews 

where improvements and benefits of layouts were often addressed from a workers perspective.  

 

Industrial footprint was commonly addressed at the case company and at company A as one of 

the main priorities in the layout process. Industrial space requires a high investment, and 

reducing the footprint is thus in direct relation to cost. As oppose to literature which address 

conveyors to be space consuming, company A used conveyors to create one-piece flow and to 

save space originally consumed by WIP and pallets. Company C did not address footprint to 

the same extent, but the interviewee there addressed the current spacious layout allowing 

access to all machines with crane to enable move of machines as a good idea in theory, but an 

unnecessary waste of valuable space 

 

At the case company, the plant space was first divided into blocks to fit the general material 

flow and new line layouts were then adjusted to fit within the dedicated areas. In the literature a 

space of 1.5 meters between the machines was recommended to allow space for movement but 

at the same time minimize the required movement of the operator. At the company of the case 

study, the operator utilization was comparatively low and the geographical distance between 

specific machines in a block, for example machines of the same type were considered a low 

priority. Despite this, the ease with which operators could move between machines in the line 

and/or block was rated as important; possibly because this is more related to job satisfaction 

than productivity.  Regarding the workspace, operators prioritized space for desks and chairs, 

while management prioritized low footprint and left it to VPS coaches to design the 

standardized workplaces. 

 

Regarding certain line configurations, the kinds of flow described by Groover (2008); in-line 

and segmented in-line flows were both found at companies in machining areas. Rotary and 

segmented in-line flows were in turn found in the assembly area. At the case company, in-line 

flows were used for those product groups where space requirements for the entire line matched 

the length of the block. In accordance with the literature, segmented in-line flows in shapes of a 

U or L were used where room for a straight line was not available – as they could be more 

easily adapted to floor space. The properties of different line configurations, such as the line 

flows tendency to create absenteeism, higher turnover and dissatisfaction, seem to be more 

relevant in lines with a low level of automation, such as assembly lines or machining lines 

using two-touch automation. To avoid these disadvantages, the trend was to move from 

repetitive work with short cycle time to more interesting assignments which from a layout 

perspective can be achieved with a shorter, wider layout (Krajewski et al., 2007; Bicheno et al., 

2011). This is to some extent hampered by the already long learning period, and the strategy 

was not addressed at any of the companies engaged in machining and thus not regarded as 

important to consider. Furthermore, no real need to expand the assignments to make them more 

interesting could be identified.  

 

Further, the properties of the line configurations were in the literature generally described as 

the lines being independent. Drawing from the literature, an open area in the middle supports 



61 (82) 

communication, teamwork, developing competence and worker flexibility. For the block 

layout, this also opens up for the L-configuration to be attributed with many of the benefits of 

the U-line. Finally, at company B, straight arrangement of machines to create straight corridors 

was sought. Straight corridors are also preferred for material transportation between 

blocks/lines/single standing machines. Finally, the case company and company B expressed 

that machines should be directed towards a shared work area if possible. This allows operators 

to have visual control over several machines while tending one and it reduces the amounts of 

pockets or blind spots in the layout and allows for tools and equipment to be easily shared. At 

layout meetings at the case company, this strategy was however not of main concern and the 

benefits might need to be better communicated in order to get decision making personnel 

onboard.  

 

5.5  Material flow 
Material flow has according to literature a big impact on layouts, and was accordingly also one 

of the main concerns in the layout process at all companies visited. While the literature implied 

that line layouts are, and should be, done after the facility layout and the material handling 

system is decided (Drira et al., 2007), the empirical research showed differently. At the case 

company, the material handling system was handled by a different department than the one 

handling the main layout planning and thus only briefly included in the design of the line 

layouts; especially early on in the layout process. This caused problems when the allocation of 

machines and pick-up and delivery points were decided. To start with, it was unclear who 

would perform the loading and unloading of material, and by what means. Moreover, while 

delivery to point of use was heavily advocated in the literature, especially by lean proponents, 

this was not a widely spread opinion at the case company and foremost not amongst operators. 

This makes sense since there was no outspoken strategy concerning the material handling to 

and from the lines. However, the decision largely affects the layout in terms of where delivery 

and pickups are located as well as design of the delivery- and pickup stations.  The generally 

accepted goal at the case company was to eliminate forklifts from the operators’ working area 

to increase safety, and instead handle the material with AGC externally and pallet trucks 

internally. But the logistics strategy of replacing forklifts with AGC or pallet trains was a low 

priority in the survey, especially when asking the operators - indicating that the  

communication between the logistics department and the planners of the line layouts was poor.  

The limited interest the operators have in the macro flow indicates that the communication of 

the overall goals at the factory is not well communicated to the operators.  

 

At the case company, the material handling within the line was nearly always automatized, 

while the loading was automated only where this was a feasible solution. The material handling 

is not in itself a value-adding activity and should not require a high investment. Literature also 

pointed out that it was important that the material handling within cells was not handled by the 

people operating the cell (Bicheno et al., 2011). In contrast to this, company C, had chosen to 

develop their material handling system around operators moving material between the different 

stations in manual handling carts. Also at Volvo, where the utilization of operators was low, it 

was discussed if it was optimal to have the material handled by the logistic department instead 

of increasing operator utilization by assigning the material handling to them. To explain this, 

Bicheno et al.’s (2011) statement may be assumed to mainly regard assembly lines, as the 

process in these are disturbed when operators leave to handle material which is rarely the case 

in highly automated machining lines. This is further supported from observations at company B 

where logistics handled material transfer to and from their assembly lines through FIFO 

systems to make sure the assemblers never had to leave the station. While which activities 

disturb the processes vary between machining and assembly lines, avoiding disturbances 
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remains important. At the case company, the ability to load and unload the line without 

disturbing the processes was viewed as important by both management and operators. This was 

interesting as previous development towards a more open plant included the replacement of 

rotating stands to light beams which caused robot cells to stop every time material was fetched 

within the cell.  
 

As illustrated in table 4-6, questions related to material handling (such as “Logistics can 

deliver straight to point-of-use”, “The line is loaded and unloaded close to delivery points” 

and “Material loading adapted to future atomization”)  received rather low levels of 

importance. While material flow on a macro level is well thought out, the material flow on midi 

and micro level leaves room for different interpretations and strategies at the case company. 

Literature suggest that backtracking and bypassing of material must be minimized (Drira et al., 

2007), and at the case company, a clear focus on avoiding backtracking and to some extent also 

bypassing on a macro level , could be identified. On a micro level, these concepts were 

however not frequently considered during the layout meetings. Ideally, material should only be 

moved once (Goodman, 2002) and the case company accordingly worked towards minimizing 

repackaging and separate storage areas. Material was however often stocked in shelving 

systems between processes and often due to queuing in the quenching. A pull system can 

decrease the inventories between processes and stimulate that material is only moved once.  

The case company had also achieved a macro flow resembling a large U, referred to as a multi-

U-line facility and an ultimate goal for the material system in the literature. The material flows 

in the lines were mostly straight while the material flow on a midi level, that is to say the flow 

within the block, lacked a strategic plan. At company A, a U-shape was considered within the 

line for its minimal footprint but this gave way for a system that supported the material flow on 

a facility level better. Company A consequently used a top-down hierarchy while designing the 

flows, as advocated in literature.  Conveyors were used at the case company and at company A 

to move material on a micro-level. Company A chose this approach as it supports one-piece 

flow and, in line with directions in literature, attention was paid to pre-determining buffer sizes.  

 

While Goodman (2002) advocates storing material at the line side as supposed to in separate 

inventories to promote a lean material flow, Bicheno et al., (2011) stress the importance of not 

letting material accumulate in the line to avoid obstacles and confusion. To avoid that the two 

philosophies collide with each other, it is important to make sure that the material buffers are 

planned in accordance with the need of the line, and that all material is stored at a specific and 

dedicated location. Observations of the factory at the case company showed that large amounts 

of products often cumulated at the end of the line, waiting for the next process. In this case the 

strive for an open, spacious layout may also encourage overproduction which will lead to a 

higher level of complexity and confusion. To avoid the contradiction between an open layout 

and the elimination of overproduction and large amounts of WIP, the ultimate solution is to 

create a pull system. Alternatively, a material handling system that is separated from the 

operator and conveys the material directly to the pickup point eliminates the need to manually 

move material from the last process and the temptation to place the pallet somewhere else if the 

pickup area is full. The conveyor can also be set to stop the line when the conveyor is full to 

force a balanced production. The time can then be spent on improvements or cleaning instead 

of on overproduction. Solution like this must, however, also be weighed against the potential 

loss of flexibility it may cause 

 

Finally, the chip containers were a topic of annoyance for the operators during interviews at the 

case company. At company C, the machines that produced the most metal chip were located 

closest to the pick-up point; but when the logistics department at the case company presented a 
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similar strategy it received lukewarm interest from the operators. The survey thus showed that 

there must be space to move easily with metal chip containers, but any account of which 

process produces the most metal chips does not necessarily have to be taken.   

 

5.6  Teamwork and motivation 
According to literature, maximizing the benefits of cell production is linked to the effectiveness 

of teamwork (Fraser et al., 2013) and the realization or understanding of this was found at the 

companies which wanted to support and improve teamwork. Moreover, theories state that 

teamwork is a key factor for improving performance (competitive priority 1), and in the re-

making of the case company’s production layout, enabling teamwork was a main priority. The 

interest amongst operators for the layout related questions connected to teamwork were on the 

other hand remarkably low. The value of team work has either not been well communicated to 

the operators, or they are used to work alone and reluctant to change.  Other options are that 

they appreciate the privacy of their own work zones or due to problems with human interaction 

which according to literature affects teamwork more than the physical setting (Fraser et al., 

2013).  At company B teamwork was not needed or even beneficial for the work, but was 

viewed as an important social factor and heavily dependent on the physical line layout as this 

could be built to allow workers to communicate while working.  

 

Building teams of multi-skilled operators is an important part of the strategy to achieve benefits 

such as shijunka, synergy effects, development of competence, facilitated planning and a 

feeling of ownership and responsibility. A multi-skilled team within each block was also a 

strategy at the case company to significantly reduce the setup and changeover times. From the 

layout point of view, the strategy at the case company was, as supported by literature, to 

remove geographical barriers between operators (e.g. Miltenburg, 2000), in order to create 

teams with a mutual responsibility for the entire section producing similar parts. The concept of 

bringing people close together was the most common way of designing a layout to support 

teamwork at all companies. At company A, this was mainly done through stairs enabling 

workers to cross conveyor lines. The use of stairs to facilitate closeness was at the case 

company however seen as an annoyance and safety risk and because of this only used as a last 

resort. At company B, the visual material buffers between stations required communication and 

cooperation between operators and this unofficially stimulated teamwork. Another aim at the 

case company was for all machines to be maintained from the same direction, originating in the 

shared center of the block. This was also promoted in literature as a characteristic of a good 

machining area (Miltenburg, 2000).  This aim however, proved more widespread amongst 

white collar workers than blue collar workers, who during interviews were worried that concept 

of teamwork might cause confusion. Many operators also expressed a strong commitment to 

their one line and minimizing distance to other lines was therefore not a priority to them. This 

advocates the use of individual U-lines, but as as Monden (2012) points out - while it is 

relevant to decrease operators movement to improve individual efficiency and consequently 

productivity, separated operators cannot cooperate and instead of helping adjacent lines to 

smooth processes, waiting time is likely to be absorbed by producing to stock and effect the 

balance on a macro level negatively. Instead, the configuration Multi-lines in a single U-line 

and Double dependent U-lines (if not separated by truck aisles) are preferred in automated 

machining area in response to teamwork.  

 

Referring to table 4-7, opinions regarding how important a dedicated place for team-meetings 

is varies a lot between white and blue collars. A place for team-meetings offers an opportunity 

for managers to meet and communicate with the operators, and a set location is the most 

beneficial for the managers who are not regularly in the plant. Visible displays of product 
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flow, buffer levels and upcoming material requirements are also mainly prioritized by white 

collar workers. Further visual tools, such as information boards, monitors, and which 

information should be available to operators - are not considered part of the layout planning 

and is postponed until later in the process.  

 

5.7  Condition and maintenance 
In the survey, maintenance related questions were rated as important to very important and 

according to literature, monitoring real time conditions (especially in heavy, rotating machinery 

environments) helps lowering production costs (Bicheno et al., 2011).   The lines need to allow 

for maintenance to enter the lines with a crane and safely conduct the maintenance work. 

However, while the maintenance department pointed out the importance of visual contact 

between the technicians during maintenance work, this was generally not considered a priority 

while the possibility to park the crane close to the machines was essential. Ability to perform 

maintenance without blocking the forklift aisles was also not considered of high importance in 

the survey. This was understandable with regards only to the existing system where forklifts 

transported material. Forklifts can easily use flexible routings if an aisle is blocked. However, 

on a long term perspective, if forklifts would be replaced by AGVs, pallet trains, milkruns or 

anything else with a fixed or limited routing it might cause problems for the material supply of 

all lines further down an aisle if this is blocked.  

 

Both operators and management agreed on the importance of a line that is easy to clean. A high 

level of 5S combined with all vital parts of the machines made visible (e.g by plastic covers) to 

the operator, helps to make failures or machine leakages easy to spot (Bicheno et al., 2011); the 

replacement of steel covers to allow insight in machinery was however not mentioned at the 

case company or the benchmarking companies as a strategy in use. At company B, low-cost 

automation was, as advocated in literature, commonly used which facilitated maintenance 

work. The workers often constructed or designed small solutions themselves and the low 

automation level made problems easy to fix by many workers in the daily operations.  

 

5.8  Management of complexity 
Both the case company and company B faced threats of losing the production to low cost 

countries which encouraged a high automation strategy. This also increases the complexity 

which in turn emphasized the need for highly skilled workers. Both the case plant and company 

C view a minimal amount of different machine brands as optimal to benefit operator training 

time, multi skilling, costs, spare part inventory and maintenance. Moreover, while company C 

moved towards a function layout to enable higher process flexibility, uptime and reduced 

sensitivity to changes, the case company chose in an earlier stage to move their production 

towards CMS, which is supported by the literature as a mean to improve competiveness.  The 

highly automated strategy within CMS is also referred to in the literature as FMS (Groover, 

2008). The literature further promotes RMS as the next step in order to respond to market 

changes, especially for companies with high tooling and equipment investments (Mehrabi et 

al., 2001) which can be said to describe the case company.  At the same time, the case company 

has very small product changes and might thus not benefit as much from this system as the 

literature implies. Automation improves safety, quality and productivity but also requires large 

investments. At the case company the depreciation time was often over 10 years, which is 

significantly longer than the knowledge of future production changes reached.  

 

There are different opinions regarding the level of automation, and the acquisition of it at the 

case company. For one, there is an urge to be in the technological forefront, and thus constantly 

try out new solutions to stay competitive. For example the usage of multi-process machines 
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instead of several single process machines which is advocated by some lean practitioners, e.g. 

Bicheno et al., 2011 is an attempt to reduce the footprint. Worth pointing out is that these 

machines also increase the complexity. At company C, the level of automation depended on 

whether the company budget focused on reducing investment costs or labor-costs. The 

literature contains different views on the automation level. One study cited in this thesis 

pointed out a strive for a higher automation, where machines adapted to defects and kept 

producing (Hedelind and Jackson, 2010), while other studies pointed out that the lean 

principles advocate simple, well proven solutions, and low cost automation. The latter concept 

was briefly expressed at the case company where high management pointed out that the level 

of automation needed to be challenged. This could nonetheless not be observed as a main focus 

during the layout meetings. In the survey, simple and reliable automation that was compatible 

with adjacent systems was a priority. The automation level at the case company ranged 

between three and four, and while Rother and Harris (2001) advocate a level three automation  

due to benefits without the expense of procurement lead time, maintenance requirements, 

downtime, and volume flexibility (Harris and Harris, 2008), the case company strived for a 

level four. The mentioned disadvantages of this must be weighed against improved ergonomics 

and costs of personnel. As literature state, the key to Lean Automation (Dulchlnos and 

Massaro, 2005) lies in using reliable, robust and sufficient level and type of automation  

 

The literature described Swedish managers as very interested in technological solutions, and 

also mentioned a black box syndrome amongst the operators, where they felt left out due to the 

complexity of the system. At the case company, a simple level of automation was rated higher 

amongst white collar workers than operators. This is possibly because automation has reduced 

the manual material handling and thus improved the ergonomics and work satisfaction for the 

operators. Machines in the technological forefront were not viewed as very important, neither 

were machines that were easy to learn. Literature on the other hand pointed out that automation 

must be possible to handle without expertise and that the perceived level of automation 

complexity can be enhanced by software support and intuitive control. This concern could not 

be observed in the empirical study. Both survey results might be connected to the fact that a 

vast majority of the responding operators had 5-15 years of experience and thus preferred old 

reliable machines and already knew how to manage the machines. 

The use of industrial robots are strongly advocated in the literature to improve safety, quality, 

and reduce costs (e.g. Monden, 2012). However robots are described as processing tools, while 

they are almost exclusively used as material transport systems at the case company. As the 

literature indicated, loading of material was easy for humans; but not always feasible to 

automate (Rother and Harris, 2001). Generally, automated material transportation is considered 

(among other aspects) to have a negative impact on flexibility and work moral in the literature 

(e.g. Asoa et al., 2004), while operators at the case company mostly viewed automation as 

positive in this context. A mutual concern in both theory and empirical findings was the 

inherent disadvantage of conveyors bringing a whole line to a stop in case of problem. In 

relation to safety, robots isolate the operators from the processes at the case company. 

However, the robots themselves constitute a risk to the workers, without necessarily relieving 

them from another. The quality demand on material transportation is also not nearly as high as 

the processing of products. Consequently, robots as a material transportation system compete 

with human labor in terms of cost and indefatigability. The choice of robots over conveyors 

and portals should thus be further assessed.  
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5.9  Flexibility 
Flexibility was in the literature described as one of the most important factors for companies in 

the future. In accordance to volume flexibility, demand generally exceeds the capacity at the 

case company, thus flexibility in terms of ability to scale down the production was a 

comparatively low priority while the ability to handle up-scales and product changes was 

considered important. Product changes were however generally quite small at the case 

company, which might be the reason that it was not given a higher priority than it was. At 

company C, the single standing machine arrangement contributed well to high flexibility in 

volume without the need for high investments on whole lines due to higher demands.  

  

Machines of the same brand increases flexibility in two ways; it is easier to move operators 

around because they already know the machines, and machines can be added or removed from 

lines to reduce or increase productivity in the line. It also facilitates maintenance and the 

cooperation within the block since operators recognize the machines and feel more "at home" 

in the lines and also can share and use the same tools. Despite this, purchasing of machines was 

mostly based on delivery times, and the survey showed that consolidation of machines was not 

viewed as of high importance.  In terms of worker flexibility rotating of operators to benefit 

multi-competence was a main focus at company B to manage volume flexibility. This was 

supported by literature which also stress the benefit of multi-competence as an mean to smooth 

out imbalance (Krajewski et al., 2007) or reach shojinka (Monden, 2012). However, as training 

time in highly automated machining lines is often long (as at the case company) rotation of 

people will not immediately benefit flexibility. In some cases machines and robots are easier to 

adjust to new assignments than operators who require long learning times and thus large 

investments in time and money (Monden 2012). In highly automated environments, automation 

may therefore be seen as a potential source of flexibility instead of solely an obstruction to it.  

  

Flexibility is also a matter of the arrangement of machines. Company B pointed out that an 

easy reallocation of machines supported flexibility and applied this by using standard 

components in the material feed systems. At company C, flexibility was partly created by 

allowing machines to be easily moved to increase or decrease capacity where needed. This is 

done more easily in a single standing machine arrangement than in lines and this might explain 

why "It's easy to rebuild and move the line" received low importance ratings in the survey. It 

may also be explained by the movement of lines not being a part of the daily operations, and a 

line that is easy to move does not directly benefit the operators. The latter is supported by 

company C were flexibility is valuable only to a limited extent. Flexibility is costly and can 

compromise the possibilities to optimize current daily work; thus making lines easy to move 

and rebuild must not be a main priority. Concerning material flow flexibility, FMS is according 

to literature typically capable of variable routings (Groover, 2008). A clear focus at the case 

company during the layout planning was to create buffer stations and a semi-independent link 

between different lines to allow this. Despite this, the possibility to alter routes of the products 

whenever a machine stops, was not viewed as important by most of the operators, perhaps as 

moving material might cause extra work in terms of manual material handling or due to poor 

communication of benefits. The biggest benefit of alternative routings is the possibility to keep 

a smooth and balanced flow of products throughout the entire factory and prevent a whole line 

coming to a stop if problem at one station. At the case company the production was due to 

problems in the quench often done to stock rather than in response to downstream demand. A 

smooth and balanced flow was also not expressed as particularly important. Finally, literature 

suggests that long serial lines are often replaced by shorter parallel lines connected with 

crossover by high volume manufacturers (Spicer et al., 2002). This was however not frequently 

addressed our found in the empirical study, and even if the case company often used several 
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machines of the same type in a line instead of one machine with higher capacity, the lines 

rather got longer than shorter. And the choice of several identical machines in a row was more 

addressed from a machine capacity perspective than from a line flexibility one.  

  

5.10 Quality control  
Quality of product and process can be achieved with suitable areas for quality control along the 

line combined with visual displays of the scrap levels and quality performances. The case 

company was rated as having a high commitment to quality in the RPA assessment which was 

also noticeable during interviews. Suitable control stations along the line were commonly 

addressed among operators at the case company who also stressed the importance of making it 

possible to control parts without bringing the line to a stop. Company B had taken this a step 

further by having robots that both detected errors and channeled them out to the operator. Built 

in quality was rated higher amongst operators at the case company - who ranked dedicated 

places for quality control with proper measuring control equipment higher than management. 

Both factors are however considered top priorities among all the quality related statements in 

the survey for both operators and management. It was found that closeness to parts throughout 

the line was viewed as important among operators when it came to quality. Similarly, despite 

high investments in material transport systems at company A, access and overview of parts 

along transportation lines to support the quality were considered more important than 

minimizing the transportation distance. 

 

The literature describes that in well performing lean production plants, attention is called to 

scrap rather than hiding it (Goodman, 2002). At the case company, visual levels of scrap at 

lines to create an awareness of the amount of scrap produced within a specific time frame and 

location was brought up during interviews as a mean to increase quality and some also believed 

that visualizing scrap at each line could trigger action, evoke responsibility, and stimulate 

teamwork.  However, the importance and benefit of visual scrap levels at lines were not 

commonly mentioned and the concept was not brought up at any of the benchmarking 

companies. Most likely as a result of the concept not being well spread at the case company, it 

was also rated as a low priority in the survey despite benefits found in both literature and in 

interviews of such a concept.  

 

At company C, closeness between machines was considered important as it allowed for better 

control of processes. In relation to quality, the single machine arrangement at company C 

supported quality by offering several decision making stations which to a higher degree 

enabled correct decisions to be made compared to in a line. In a similar way, company B 

addressed that quality was likely to be higher for products being passed through several people 

than for products going through a chase mode. Quality can also be ensured automatically, by 

camera inspection or integrated measuring in process machines; which require a higher 

automation level. 
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6 RESULT 
Throughout the work with the thesis, it could be established that the employees at Volvo 

possess a high level of expertise in their respective areas. It was however often random which 

topics were discussed, and what factors constituted a base on which the layouts were developed 

and evaluated. Many decisions were made in an ad hoc manner and design choices were rather 

based on routine than thorough evaluation. To provide the case company with an analytic way 

of working with the different factors, an evaluation matrix derived from the well-established 

assessment tool; Pugh’s Matrix was developed, using Microsoft Excel (see Figure 4-2 below). 

The purpose of the tool is primarily to, one category at a time, evaluate layout concepts based 

on how well they support the various factors identified, and compare the concepts with each 

other.  The factors identified throughout the thesis and described further in chapter 4.1.1 to 

4.1.-11 and 5.1 to 5.10, were divided into ten categories;  

 Safety and environment –avoiding risks and hazardous environments and improve 

ergonomics.  

 Visual management system – to create a comprehensible and transparent plant.  

 Scheduling system –visualizing material requirements and creating a pulling material 

flow.  

 Use of space – minimizing the industrial footprint, material flow – ensuring that 

material is transported the shortest possible distance and as few times as possible. 

 Teamwork and motivation – reducing physical barriers and increasing communication.  

 Condition and maintenance of equipment and tools – how easy and well maintenance 

can be performed. 

 Management of complexity – keeping the amount of information manageable, and the 

automation at a suitable level.  

 Flexibility- how many things can be done and how fast the change between the different 

assignments can be done.   

 Quality control – how to detect and correct quality deficiencies.  

 

Each category was assigned a weight based on the factors regarded as most important in the 

survey, during the interviews, and combined with the factors most emphasized in the literature. 

It is important to point out that even if a category may be very important to the company, the 

layout may have a small impact on that category, and this is translated into a lower weight. 

These weights should however be seen as a recommendation and are easy to change in case the 

company would want to reassess their priorities.  
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Through participation of different layout meetings in different areas of the factory it could be 

studied how the layout design process came about. It was clear that even though the company 

successfully implemented cross functional teams in their design process, the design meetings 

differed significantly between different work groups. While some factors took up a lot of time 

and focus in one group, it could be completely overlooked in another. This was especially 

evident in the case of material handling and flow where the guidelines from the logistics 

department were unclear.  

 

To ensure that all departments worked towards the same goal, each category was hyperlinked 

to its own sheet containing a short description of the category, a future vision to aim towards 

and a checklist of things that should be taken into consideration in the layout, see Figure 6-1. 

To make the checklists easier to work with, they were divided into two parts; one that could be 

evaluated from drawings of the layouts, and a more detailed part to attend to when the 

machines were in place. Also these parts can easily be changed when the goals and visions of 

the company are adjusted. The sheets were complemented with pictures and captions to 

illustrate ideas and suggestions of how to achieve a successful layout in the given category.  

 

 

 

 
Figure 6-1 Example of sheet providing detailed explanation of a category 
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Besides supporting a structured way of working with the layout design, the layout evaluation 

tool also aims to provide an analytic evaluation of the different layouts. The evaluation of the 

layouts is done by rating the compliance with the factors in each category with; 1 for poor, 3 

for not so good, 6 for very good, and 9 for excellent. Four different levels were chosen to avoid 

having a middle level that is neither good nor bad. This comparison of the different layouts is 

done in two ways; first a product of the weight multiplied with the compliance rate, and second 

by ranking the layouts internally, assigning 2 points to the best layout, 1 point to the second 

best layout, 0 points to the third best layout, -1 point to the second worst layout and -2 points to 

the worst layout.  The points are set around zero to avoid large values in the sum-row and 

quickly show poor concepts with negative numbers. The comparison is done in two ways to 

benefit both concepts that score high on the most important factors as well as concepts with 

high scores on many factors. The first comparison is made more visual by adding a conditional 

format, marking the cells with low values in red. To further emphasize poor results, values 

which are lower than the original concept is also marked in a red, bold font. In a similar way 

the second comparison highlights the best results with green cells.   

 

 
Figure 6-1 Layout of evaluation tool 

 

To encourage continuous improvements during the layout evaluation process each layout is 

assigned two columns. The left column is dedicated for the first evaluation and the right 

column for a potential higher rating if some improvements were to be made. The participants in 

the layout evaluation are encouraged to use the comment functions to write down suggestions 

for improvement for further investigation. In Appendix 6 the improvements made to different 

layouts when working with the tool at the case company is described. If a value is written in the 

right column it will be counted instead of the left value. This function allows the layout 

evaluation tool to be used earlier in the process, as a development tool as well as an evaluation 

tool.  
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As can be seen in Figure 6-3 below, three different diagrams were added to further visualize 

the different layouts’ compliance with the respective categories, all categories is illustrated in 

Appendix 7. The diagrams are all based on the same values, but illustrate these in different 

ways. The bubble diagram is chosen to give a quick overview of the layouts position in 

comparison to the others, the radar diagram shows the versatility of the layouts and the bar 

chart is used to quickly see which layout best complies with a specific category.   

 
Figure 6-2 Diagrams to illustrate the results of the layout evaluation tool 

 

While the primary evaluation works to find the concept that best fulfill the vision and 

checkpoints of each category, it does deliberately not take factors such as price or ease to move 

machines. The purpose of this is to ensure that the best layouts from a long term perspective are 

chosen instead of the ones that fulfill the more short term goals of small investments and 

minimal reallocation of existing machines, which companies are known to over prioritize. 

When the evaluation is done, a recommendation is to let the two best layouts be further 

compared by plotting the common and separate benefits and disadvantages as can be seen in 

FFIigure 6-4 below. Here it is also for the first time possible to take price and feasibility into 

consideration.  The tool works as a complement to the RPA by rating different levels of the 

compliance instead of just yes or no depending on if all requirements are met or not.  

 

 
Figure 6-3 Final comparison of the two best layouts 
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7 DISCUSSION, CONCLUSIONS & FUTURE RECOMMENDATIONS 
In this chapter, discussions and conclusions regarding the method used in the thesis and in 

relation to theoretical and empirical findings will brought up together with recommendations 

for future work or alternative methods. After that, conclusions will be made in relation to RQ1, 

RQ2, and RQ3 presented in chapter 1.3. Finally, additional recommendations for future 

research will be provided.   

 

7.1 Method used in Research 
 

The literature study was broad and covered a large amount of different authors describing 

several various areas. This had its origin in the problem definition of the study being relatively 

undefined in the beginning of the project. The literature research thus aimed both to identify the 

problem as well as finding solutions; to earlier determine the scope of the study could have 

been beneficial but could also lead to that some important aspects would been missed.  The 

literature research was because of this also fairly unstructured in its execution, where keywords 

emerged throughout the process and articles were found through searches of these words as 

well as references in articles. To use key words of other scholars was a success full approach 

when encounter difficulties in finding articles in databases. That more emerged to the study 

along the way also applied to the interviews which, to some extent, were done in parallel with 

the literature study. New topics emerged as they were mentioned during the interviews and 

were added to the existing ones in subsequent interviews. To add to the interview questions 

parallel with them being performed is seen as a way of working with the quality and validity of 

them. It could however been an advantage to complete the literature study prior to the 

interviews as this could improve the structure of the research process and all factors emerged 

from literature could been brought up at all interviews. The survey does however make up for 

that not all interviewees could discuss all aspects. It is impossible to determine if all important 

factors really have been brought up, but the combination of a literature study and interviews 

with people from various functions has aimed to cover as many as possible. It is likely to 

assume that, due to the expertise of the interviewees, at least the most important factors in fact 

are included. 

  

The first interviews were conducted with a range of questions prepared, which proved to 

hamper the discussions. Since the aim was to explore the subjective experiences and opinions, 

the following interviews were instead supported by a range of different categories to discuss, 

which worked better. What came up during interviews vary widely and sometimes the focus 

was solely on ways of working and the development process rather than opinions about how 

the final result layout should be. The balance between keeping the interview relevant to the 

thesis, and yet not affect the answers too much was difficult to maintain. However, the choice 

of semi-structured interviews where the respondents to a large extent could speak freely is seen 

as a successful strategy in gaining the profound understanding of aspects to machining line 

layouts that was sought in the study. Worth pointing out is though that the interviewers in the 

study had no previous experience in conducting interviews; which is likely to have affected the 

study to some extent. The wide variety in the responses from the interviews made them 

difficult to organize, and compare in terms of importance. Due to the semi-structured 

interviews, it is also likely to assume that different factors came up depending on topics 

discussed, and that some aspects were left out even if they might be considered important. In 

order to gain understanding of how important the identified elements were, regardless of in 

which interview they were brought up, all the 82 elements that came up during the interviews 

were gathered in a weighing survey and sent out at the case company. To make the survey 
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manageable despite the large amount of questions, the questions were held short. Since the 

survey was sent out and filled out independently, there was room for different interpretations 

and misunderstandings; which was partly demonstrated by the amount of comments the 

participants of the survey chose to write in the page margin. If the time had allowed, it would 

have been of interest to follow up the answers with the respondents after the survey, to see how 

people had reasoned and their reactions to the different results. Another observation was that 

while the wide range of functions the respondents had offered a general view of the priorities, 

not all respondents were informed enough to be suited to answer all questions. On the other 

hand, these results provided an indication of how well spread visions and ideas are between 

different functions of the company. The possibility that results from the weighing survey would 

be different if statements were more thoroughly explain exists, but  doing so would require 

more time in preparation of the survey and of the respondents; which could have decreased the 

already low number of  respondents further. A total number of 42 people filled out the survey, 

which cannot be seen as enough to assure a statistically reliable result. It did however indicate 

the importance of different factors. Clearer and more well-spread information of the 

importance in filling out the survey could have generated more workers to do so. Moreover, 

while the interviews could be controlled to comprise an equal distribution of men and women 

and of different ages, the survey was mainly filled out by men. This reflects the gender 

distribution of the company, but it might have been of interest to see if a more equal 

distribution of female and male respondents would generate different results. 

  

7.2 Theoretical and Empirical Relations  
In literature it was stated that layout problems consist of many different objectives and that the 

design of a new layout often is a badly structured process; this could to some content be 

confirmed by the empirical study. Mostly, an established structure for working with layouts 

was found in the empirical study, but the large extent of objectives in the process made it 

complex and difficult to manage. The Layout Evaluation Tool can help managing the layout 

process on a midi-level.  The frequently described algorithms in the literature to support an 

optimized material flow were scarcely used at all of the companies in the study, in favor of 

more qualitative criteria. This further supports the use of the Layout Evaluation Tool. 

Moreover, the features of specific line configurations detailed in the literature proved through 

the empirical study to have less significance in automated machining lines than in assembly 

lines and other low-automation lines. This is mostly due to operators themselves not process 

the work pieces in automated machining lines and therefore walking distance within a line is 

not as critical as for assembly line. Assembly lines, as oppose to machining lines, are also 

dependent on additional supply (screws etc.) at each process step which makes different 

configurations more important to consider. Instead, the focus in the automated machining 

environments was on which expected benefits the configurations were able to achieve, such as 

visualization, footprint, expansion opportunities, and sufficient room for machines, as well as 

by which means. Many qualitative criteria, such as teamwork, are only partly supported by the 

layout. But eliminating barriers between operators and allow for verbal and visual 

communication is critical for teamwork and in direct relation to the intra and inter line layout. 

Operator involvement and cross-functional teams are some factors outside the physical layout 

design that can contribute to a better final design and greater acceptance of it if considered in 

the layout process. To fully benefit from the advantages of the layout, further work with softer 

factors is needed.  

  

The level of automation has a large impact on the design of the layout. According to the 

literature, a high level of automation may hamper flexibility and increase complexity but also 

improve quality, safety and productivity. Highly automated machining lines generally have a 
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large output and such high quality demands that a high level of automation is required in the 

machines processing the product. The production thus already poses a high level of complexity, 

and focus must consequently be on competence development and visualization instead of 

reducing the level of automation. The use of standard machines instead of highly specialized 

machines reduces complexity and may increase the reliability. This must be weighed against 

the industrial footprint and efficiency.  

  

Automation of the material transport receives a high skepticism in the literature, but is in high 

automation lines motivated by the large volumes to be transported and sometimes also by the 

weight of products to be moved. In addition, it is sometimes the only feasible solution to create 

a one-piece-flow. Conveyors block the way for operators, but in an environment where 

operator utilization not only consists of tending the machines, the walking distance is not 

necessarily the highest priority. Additionally, a high automation level in the material 

transportation system also allows for operators to leave their stations and communicate and 

help each other which both create a good platform for teamwork and competence development. 

The use of safety light grids at in- and out-going material stations at robot cells benefit 

visualization but bring the operation to a stop when delivering or fetching material. FIFO lines 

under the light sensor can transport material in and out of robot cells and prevent robots to 

come to a stop while support a visual and open layout. For completely new automation 

solutions, a prototype plant inside the factory is recommended to avoid the testing of new 

technology concepts in ongoing production. Most important when considering the automation 

level in general is to create a clear and well thought out strategy to ensure that each automation 

choice is motivated and has a clear purpose.  

 

7.3 Answers to Research Questions 
 

Three research questions were stated as guidance in the thesis. The first one aimed to identify 

the important factors, the second to find out how to support the factors in the design and finally 

the third question aimed to find how to ensure that the factors were brought up and considered 

in the layout design.  

 

RQ1: What are important to consider when designing lean machining line layouts in 

highly automated areas? 

 

Seven competitive priorities for companies to survive in the future were identified in the 

literature: quality, dependability, flexibility, cost, speed, innovativeness and performance. To 

make the production lean, compliance with the lean principles and methods, such as; quality at 

the source, reduction of lot sizes, standardization of work and components, multi-skilled and 

flexible workforce, 5S, visualization, maintenance, a downstream triggered material flow, and 

finally Kaizen must be taken into consideration.  Most factors are interrelated with each other 

and difficult to describe separately. Many factors can also not be achieved solely by the layout 

design, but requires a certain way of working; which however can be supported by a well 

prepared line layout. The empirical studies backed up the importance of all competitive 

priorities and lean principles mentioned in the literature. Besides these, the empirical studies 

also contributed with a large focus on safety and industrial footprint. 

 

The priorities of different companies vary among other things on the kind of production, 

demand and fluctuations in demand, and work culture. What companies focus on in specific 

layout projects is also a result of whether directed efforts in a particular area are needed. In 

these cases, some aspects can temporarily be viewed as most important, to then decrease in 
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importance when a certain standard is achieved which just needs to be maintained.  Many 

factors to consider in the layout process are also interacting with each other, creating both 

positive and negative relations. The goal of each manufacturing plant is ultimately to produce 

products; and to stay competitive, the production must be cost-effective, maintain a high 

quality, and answer quickly to demand and market changes. Flow of material and safety was of 

top focus at all companies in the empirical study. Visualization and teamwork was additional 

top considerations at the majority of companies.  

 

RQ2: How can elements of machining line layouts in highly automated environments be 

designed to support what is important to consider in these lines?  

 

To ensure a high quality of products, the machining layout needs to allow space for quality 

control including measuring stations and equipment. A high level of automation often distances 

the operator from the product. This should be avoided since closeness to the product can help 

to increase the quality performance, at least if quality deficiencies can be seen with the naked 

eye. But even if that is not the case, the empirical study told that closeness to products can add 

to a higher commitment and consequently motivation.  A clean plant and well maintained 

machines also add to a high product quality, both from technical aspects but also as this 

contribute to work pride which in turn can lead to higher commitment and motivation of 

workers.  Cleanness and well managed maintenance is also found to add to a high level of 

dependability. The layout needs to support these aspects by allowing space for maintenance, 

detection of errors as well as facilitate cleaning with, for example, movable or elevated 

machines and equipment. The floor surface must also be kept flat to facilitate cleaning.  

 

Flexibility is a broad term ranging from easily movable operators and materials to volume 

fluctuations and adaptation to new products. The layout can support flexibility by easily 

movable and/or adjustable machines. Standardized and simple machines and modules are 

promoted within lean to achieve a high level of flexibility also in automated lines but must be 

weighed against footprint. Teamwork supports competence development, and multi-skilled 

workers are per definition more flexible since they can handle several different stations. 

Teamwork is in turn facilitated by an open layout that encourages and allows for workers to see 

and communicate verbally with each other. Cost reduction comes as a result of the lean 

principle of waste reduction. This is particularly true for reduction of scrap and WIP, where the 

latter is mainly achieved by a lean material flow. Balancing of lines is recognizably important, 

but balancing the entire factory needs to be a priority to reduce buffer levels between lines. 

Avoiding all kinds of repackaging is also a step towards a leaner material flow. For future 

notice it would be valuable to complement this layout study with an assessment of different 

material handling systems. Building a multi-skilled workforce reduces the cost of unutilized 

workforce since it is easier to assign work where it is necessary. Moreover, speed has proved to 

be an essential factor in the design of new layouts. Delivery times of machines, procurement 

deadlines and a minimal amount of changes receives considerable attention in the development 

process. In daily production, speed is achieved by a lean material flow, balanced production 

and a visual transparent environment. Visualization is like human-related factors a key to 

improve several competitive priorities. A clean and visual layout supports quality, is easy to 

understand which helps operators to quickly spot and switch to the most important task at the 

given moment. This leads to a higher performance, higher speed, higher dependability and a 

higher flexibility since operators can learn new tasks faster. Visualization aims to support the 

operator and whether it is done by an overview over the actual machines or artificially with 

light beacons and monitors is of secondary importance. While visualization is well recognized 

as a tool in the daily production, it is also of value to bring visualization to the design process. 
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Working with 3D layouts or movable pictures of the machines as illustrated in Appendix 1 

helps the understanding of the layouts which may lead to better results and it is thus 

recommended as future work practice in layout processes.  

 

Innovativeness in production is related to Kaizen. To make a layout that allows for workers to 

work with improvements includes making it possible for the operators to leave the machines, 

and communicate with each other. Another central concern at most companies is safety, and a 

safe layout is clean, without things located where they block the way or where someone can 

stumble over them. It is also related to avoiding blind spots in the layout and safe access to and 

from the line. Reducing the need and use of forklifts is a main step to improve safety. Separate 

humans from forklift traffic areas should be a first step in the layout process. Layouts must also 

be designed with regards to ergonomics, and safety to require as little extra work as possible – 

for instance through automation and full overview of critical areas such as robot cells by 

considering the location of robot cells in the layout and by using sensor fencing over metal 

grids. The layout must allow room for lifting aids and adjustable platforms where this is 

necessary.   

 

RQ3: How can consideration to important elements be ensured in the design of lean 

machining line layouts in highly automated environments? 

 

The most important factor in the layout of new machining layouts, as in most situations, is to 

make conscious decisions. Even if the factors identified in this thesis are not considered the 

most important to each and every factory, the best layouts are created when each factor has 

been considered, and an active choice to take the factors into account or not has been made. 

Poor decisions are caused by lack of knowledge, lack of structured decision making, and/or 

lack of time. The factors identified in this study have been categorized to fit into a tool where 

each category is described, a vision is set and a list of things to take into consideration is 

presented. A high level of knowledge and expertise is already present at all companies visited 

in this study, the structured way of working which the Layout Evaluation Tools provides can 

ensure this expertise surface in the layout process. The tool serves to present basic information 

in an easy and time-saving way. The different categories are however interrelated, which 

makes it difficult to create a relevant weighing of them. Most important is perhaps to ensure 

that the document is dynamic, by allowing the companies to create their own visions, adding 

and reducing factors to consider and change the weight of each category for the evaluation. The 

purpose of the tool is to supports the decision process, support communication of a company's 

layout vision, ensure all important aspects to the layout is brought up to discussion in the 

process, and ensure that all decisions work towards the same goals; which will change over 

time. Allowing reconfiguration to the tool also makes it more generally applicable to other 

more or less automated machining lines, since the current weighing of the factors is done with 

regard to Volvo's current production system, vision for the future, and scope of the capacity 

step. There was a balance between including a lot of information and creating a tool that is easy 

to work with, but through tests, feedback, and adjustments to the tool, a sufficient level for 

Volvo could be found.  

 

7.4 Future Recommendations  
Future recommendations for the use of the developed Layout Evaluation Tool include working 

with the structure of the layout process to make the tool an integrated part of the process. It is 

essential that the tool is updated to ensure that the vision and checkpoints are relevant. 
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To make results possible to generalize, a study including a larger number of people and 

preferably more companies would be required. It can also be of interest to deeper investigate 

the differences between assembly lines and machining lines and assess if and how the 

evaluation tool can support also the development of assembly line layouts. 

  

As mentioned earlier, it is also recommendable to further investigate different kinds of material 

handling systems and their impact on the line layout. Material handling is a main concern in the 

layout process and has a high impact on the layout which stresses the importance of such a 

study. 

  

The use of a pilot plant for assessing and learning new technologies has also been brought up in 

literature as well as in the empirics. It is recommended to look further into this concept as 

automation acquisition and implementation is a complex area in the layout process and caused 

disagreements and much irritation – foremost among workers on the shop floor who had to deal 

with disturbances in the production lines when new technologies were tested. 
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APPENDIX 1  –  SUPPORT FOR THE LAYOUT DESIGN 

PROCESS  

 
 By using laminated pictures of different machines, buffers, picking points and robot cells 

different layout suggestions could quickly be illustrated and tested at the layout design 

meetings. During the meetings the machines where allocated on a large paper using the 

laminated pieces, after which the conveyors, pillars and forklift aisles where drawn on the 

paper. 

 



APPENDIX 2  –  LAYOUT CONCEPTS FOR DISCUSSION  
 

The future AX63 line was discussed during layout meetings. It will be purchased with a 

similar layout as the current line AX42, which layout concept was found successful at the 

case company. Focus for improvement was on the turning machines (first two machines from 

the left), connected with a conveyor line which is manually loaded. The following machines 

in the line are connected with a portal (an elevated material transporting system). Forklift 

aisles surround the left, top, and right side of the line. Below the line, another line will be 

located – together creating a block. Chip containers were preferably placed close to forklift 

aisles for ease of transport and to keep noise as far from the team place as possible.   

 

Concept 1 

Rotating the turning machines by 180 degrees brings operators closer to the team place, but 

brings in the nosier parts of machines (1). If mirrored machines are purchased, operators’ 

movement decrease, possibility to overview several machines increase, and a shared area and 

equipment for maintenance and set up is provided (2). The U-shaped conveyor offer larger 

buffer size, brings the loading station closer to the team place, and creates a safety barrier to 

the forklift aisle. 

 

  



Concept 2 

As concept 1 above, this benefits from mirrored machines (1), but offers a better access and 

closeness to the team place. It does however bring noise inside the block (2). The conveyor 

offers a big buffer size, central position for loading, and good overview of the block; but does 

not separate the side of the first machine from truck aisle.  

 

Concept 3 

A stair is used in the layout to prevent the conveyor to be a barrier for operators’ movement 

(1). The location of material loading are places so that the operators is close to the team place 

and have good overview of the block (2). The layout benefits from mirrored machines (3), 

consideration is made to noise level in the block.  

 

  



Concept 4 

Location of material loading offer good overview of block and closeness to team place and 

conveyor separates work zones from truck aisle (1). A portal pic from the conveyor, open up 

floor space and create easy access to machines (2). The layout benefit from mirrored 

machines (3), but noise is brought into the block. 

 



Appendix 3 - Survey 
 

Appendix 3.1 – Survey questions 

 

1 Laddning och plundring av line ska inte kräva operatör på/nära truckgång 

2 Det ska vara full överblick i robotcell från dess kontrollpanel 

3 Säkerheten i robotceller är automatiserad 

4 Det finns lyfthjälp vid alla tunga/repetitiva lyft 

5 Maskiner kan hanteras utan att gå in i robotceller 

6 Allt arbete kan utföras ergonomiskt riktigt 

7 Arbetsplatsen är lätt att utrymma vid larm 

8 Truckar hanteras bara av professionella förare 

9 Truckar ska elimineras från blocken 

10 Hantering av maskiner, elskåp etc ska inte ske på/nära truckgång 

11 Buffertar kan hålla igång produktionen under ställ och planerade stopp 

12 Buffertar kan hålla igång produktionen under raster 

13 Ställ/underhåll kan utföras utan att stoppa hela linen 

14 Maskiner ska kunna felsökas snabbt 

15 Linerna inom blocket har huvudsakligen maskiner av samma märke 

16 Linen kan anpassas till nya produkter 

17 Linen kan anpassas till varierande volym 

18 Det finns yta för framtida expansion/kapacitetsökning 

19 Det ska vara lätt att bygga om/flytta linen 

20 Det är möjligt att flytta produkter mellan liner vid stopp 

21 Leverans- och upphämtningsplatser stämmer överens med makroflödet i fabriken 

22 Logistik kan ladda linan direkt 

23 Linen laddas och plundras nära materialleveransplatsen.  

24 Det finns dedikerad plats för ingående och utgående material 

25 Det finns dedikerad plats för hämtning/lämning av tomma/fulla spånbingar 

26 Linen kan laddas och plundras utan att störa processen 

27 Materialförflyttningssystem är enkla 

28 Materialförflyttningssystem är driftsäkra 

29 Materialladdning anpassat för framtida automatisering (ex AGC) 

30 Det krävs ingen ompaketering av material mellan processerna 

31 
Processer som producerar mest spån är placerade närmast 
upphämtningsplatsen. 

32 Det krävs minimal manuell materialhantering på linen. 



33 Det finns utrymme för att enkelt ta sig fram med spånbingar 

34 Det finns en avsedd plats för team-möten 

35 Det finns en gemensam skrivbordsplats inom midiblocket 

36 Teamytan ska vara placerad med uppsikt över alla liner inom blocket. 

37 Teamytan är placerad med hänsyn till bullernivå 

38 Pausutrymmen är skilda från arbetsplatsen 

39 Det finns utrymme för underhåll att komma åt överallt med kran 

40 Underhåll ska kunna utföras säkert för tekniker och operatörer 

41 Produkterna/ämnena är rena från olja/spån/smuts när de lämnar maskinen 

42 Underhåll kan ske fritt från truckgångar 

43 Underhållsarbetare kan ha ögonkontakt med varandra under arbete 

44 Linen är lättstädad 

45 Det finns avsedda platser för kvalitetskontroll längs med linen. 

46 Materialflödet anpassat för framtida automatisering (ex AGC) 

47 Kvalitetskontrollplatser är utrustad med mätutrustning 

48 Operatören har närhet till produkterna genom linen 

49 Skrotnivåer visualiseras på linen 

50 Tillämpning av 5S är hög 

51 Det finns överblick över samtliga maskiner i en line 

52 Det finns överblick över samtliga linor i ett block 

53 Överblicken är reell, ej databaserad 

54 Linen har inga blindzoner 

55 Ljusfyrar är synliga 

56 Det är lätt att förstå produktionsstatus 

57 Det är lätt att söka och förstå felorsaker 

58 Det är lätt att förstå produktflödet 

59 Det är lätt att se kommande materialbehov 

60 Det är lätt att se buffertnivåer 

61 Det är lätt att se in i blocket från truckgång 

62 Maskiner ska kunna servas med så lite spring som möjligt 

63 Det finns gott om utrymme för arbete mellan maskinerna 

64 Det finns utrymme för materialskåp vid varje maskin som kräver ställ 

65 Det finns möjlighet att sitta vid arbetsplatsen 

66 Det finns utrymme för skrivbord/arbetsplats 

67 Det finns utrymme för mätstationer 

68 Det är enkelt att röra sig mellan linerna 

69 Liknande maskiner ska ligga nära varandra inom midiblocket 

70 In och utflöde till line kan ses samtidigt 

71 Layouten är yteffektiv 

72 Alla teamytor/arbetsplatser följer en layoutstandard  



73 Liner inom respektive produktgrupp (axel, sync, kugg) följer en layoutstandard  

74 Materialhanteringen bygger på enkla lösningar 

75 Maskiner går snabbt att lära sig 

76 Man använder de senaste automationslösningarna 

77 Man använder beprövade automationslösningar 

78 Man håller automationsnivån enkel 

79 Automation ska underlätta för operatören.  

80 Maskinerna är kompatibla med existerande laddning och transportsystem 

81 Automationen följer en standard inom företaget 

82 Arbetet kan utföras av person med funktionsnedsättning 

 

 

  



Appendix 3.2 – White collar responses 

  M M M M M M M M M M M F M M M M M M M 

1 2 2 2 3 4 3 2 3 3 2 2  3 3   3 4 3    3  3 4 

2 3 4 4 4 3 3 4 3 4 3 4 x 2 4 2 2 4 4 4 

3 3 4 3 4 3 1 3 4 4 3 4 x 2   3 4 3 4 3 

4 4 4 4 3 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 

5 3 3 2 3 3 3 3 3 3 3 3 2 3 3 3 2 3 3 3 

6 3 4 3 2 4 3 3 4 3 4 4 4 4 4 4 4 3 4 4 

7 4 4 4 2 4 2 4 3 4 4 4 4 4 4 3 2 4 4 4 

8 3 4 2 2 4 3 3 4 4 2 4 3 4 1 4 2 3 4 4 

9 3 4 4 2 4 4 2 2 3 3 2 3 3 3 3 x 3 3 3 

10 2 3 4 2 4 3 2 2 2 2 3 4 2 3 3 3 3 3 3 

11 3 3 3 3 2 3 * 2 3 3 2 2 3   3 3 3 2 3 

12 3 3 3 3 2 3 * 2 4 3 3 2 3 0 3 x 4 3 3 

13 2 4 3 2 3 2 3 2 3 2 3 3 3   2 3 4 3 3 

14 3 3 3 2 4 3 3 3 3 2 3 3 3 4 3 3 3 3 4 

15 1 3   2 2 3 2 2 1 2 3 2 X 4 1 2 4 2 2 

16 3 4 3 3 3 2 3 3 3 3 2 3 3 4 2 4 4 3 3 

17 2 4 2 3 3 x 3 3 4 2 2 3 3 2 2 4 4 3 3 

18 3 3 2 3 3 3 3 2 4 2 2 2 2 3 2 4 4 3 2 

19 2 2 2 3 3 2 3 2 3 1 3 2 2 3 2 2 4 2 2 

20 3 3 2 3 3 1 3 2 3 3 3 3 2 2 3 4 4 2 2 

21 3 3 3 3 4 3 3 3 4 3 3 2 3 4 3 3 4 3 3 

22 3 3 2 2 2 4 ? 2 3 3 3 2 X 4 3 2 4 2 2 

23 2 3 2 2 ? 1 ? 3 3 3 4 2 2 3 4 3 3 3 2 

24 4 4 4 2 4 4 2 4 4 3 4 3 4 4 4 3 4 3 3 

25 4 4 4 2 4 4 2 3 4 3 4 3 3 4 4 2 4 2 3 

26 3 4 4 2 4 3 3 3 4 4 3 3 3 4 4 2 4 4 3 

27 3 3 3 3 4 3 3 3 3 3 2 2 3 4 2 4 4 3 2 

28 3 3 4 3 4 3 3 3 4 4 4 3 3 4 4 4 4 4 3 

29 2 4 4 2 0 2 3 2 3 1 2 2 3 4 1 3 4 2 2 

30 3 4 4 2 3 3 4 3 4 4 4 3 2 3 3 4 4 3 3 

31 2 3 3 2 0 2 2 3 3 2 3 3 1 4 1 3 3 2 2 

32 3 4 3 2 3 3 3 3 3 2 4 3 2 4 3 4 4 3 3 

33 3 3 4 3 3 3 2 3 3 3 3 4 3 4 4 4 4 3 3 

34 2 3 4 3 4 4 3 2 3 3 2 3 4 4 4 2 4 3 3 

35 0 3 4 3 4 4 2 2 3 2 2 2 3 4 4 4 4 3 3 

36 2 3 4 3 3 2 2 2 3 1 3 3 3 4 2 4 4 2 2 

37 2 3 4 2 3 3 3 3 4 1 4 4 3 4 2 4 4 3 3 

38 3 1 4 1 4 3 2 3 4 1 2 3 3 4 2 4 4 3 3 

39 2 4 4 3 4 3 4 2 4 2 3 4 3 1 3 4 4 4 3 

40 3 4 4 3 4 3 4 4 4 4 4 4 4 2 4 4 4 3 3 

41 3 3 4 3 4 3 3 3 2 3 4 4 4 4 4 4 4 2 3 



42 2 3 3 2 3 2 3 2 3 1 3 3 2 4 3 4 3 3 2 

43 2 3 3 2 2 2 2 2 3 1 2 4 1 4 1 x 3 2 3 

44 4 3 4 2 4 3 3 3 3 2 3 3 4 3 3 x 4 3 3 

45 2 3 4 3 3 3 2 3 3 4 2 2 3 4 3 3 4 3 3 

46 2 3 4 2 4 2 3 2 3 2 3 2 2 4 3 2 4 2 2 

47 2 3 2 3 4 3 3 3 2 4 3 x 3 3 2 4 4 3 3 

48 2 3 3 3 3 1 3 2 3 3 3 3 1 4 2 3 4 3 3 

49 3 2 3 1 4 1 4 3 3 3 2 3 1 4 3 x 4 3 2 

50 4 4 4 2 4 3 4 3 4 4 2 3 4 4 3 0 4 3 3 

51 3 4 4 3 4 3 4 3 3 3 3 3 2 4 3 3 4 3 3 

52 3 3 4 2 4 3 4 2 3 2 2 3 3 4 2 x 4 2 2 

53 4 1 3 2 3 2 ? 2 3 1 1 3 2 4 2 2 3 2 2 

54 2 3 3 2 2 1 4 2 3 1 2 4   3 3 2 4 2 3 

55 3 4 4 3 4 3 4 3 4 3 3 3 4 3 3 4 4 3 3 

56 4 4 4 3 4 3 4 3 3 2 3 3 3 4 3 4 3 3 3 

57 4 3 4 2 4 3 4 3 4 3 3 3 3 4 3 4 3 3 3 

58 4 4 4 2 4 3 4 3 3 3 2 3 4 4 3 3 3 2 3 

59 3 4 4 2 4 3 4 3 3 3 3 3 2 4 3 4 3 3 2 

60 3 4 4 2 4 3 4 2 3 3 3 3 3 4 3 4 3 3 3 

61 2 1 2 2 2 2 3 2 2 2 1 3 3 4 1 2 3 3 2 

62 3 3 3 2 2 2 2 3 3 1 3 3 3 3 0 x 4 3 3 

63 3 4 3 2 2 1 3 2 4 1 3 3 3 4 2 x 4 3 3 

64 3 4 4 3 4 2 3 3 3 3 2 3 3 3 1 4 4 2 2 

65 1 1 4 2 1 3 3 2 2 1 1 2 1 4 1 4 1 3 3 

66 1 1 4 3 3 3 2 2 2 2 2 2 1 4 2 4 1 3 3 

67 3 3 2 3 4 3 3 3 3 4 3 x 2 4 2 4 4 3 3 

68 3 4 4 3 3 2 2 3 3 3 3 4 2 4 3 4 4 3 3 

69 2 3 3 1 2 2 2 2 3 1 2 3   3 1 2 4 2 2 

70 2 2 2 1 2 0 4 2 2 1 2 2 1 2 1 2 4 2 2 

71 3 4 3 2 4 3 3 3 4 3 3 3 3 3 3 x 4 3 3 

72 2 2 3 2 4 3 3 3 4 2 1 3 4 4 4 x 4 2 3 

73 2 2 4 2 4 3 3 3 4 2 2 3 4 4 3 x 4 X 3 

74 3 3 3 3 4 3 3 3 3 4 3 2 3 4 3 x 4 3 3 

75 2 3 3 2 4 2 3 3 2 3 3 2 3 4 2 0 3 2 3 

76 2 1 2 2 3 2 3 2 2 2 3 2   4 1 2 3 3 2 

77 3 2 3 2 2 3 3 3 2 3 3 2   3 3 3 3 3 3 

78 3 3 3 3 3 3 3 3 3 4 3 3 3 3 2 0 3 2 3 

79 4 1 3 2 3 2 3 4 4 3 3 4 3 3 4 4 3 3 3 

80 2 4 2 2 3 4 3 2 3 2 3 3 2   1 4 4 2 3 

81 3 1 4 2 3 3 3 3 4 2 2 3 2 4 2 0 4 2 3 

82 2 3 3 1 1 2 2 2 X 1 2 3 1 4 1 0 3 2 2 



Appendix 3.3 – Summary of white collar survey 

katekori fråga nr. 

Summa 
Antal 
4 Median Snitt   

vikt av 
kategori 

Säkerhet 1 45 2 3 2,81 
 

3,23 

Säkerhet 2 61 7 4 3,39 
 Säkerhet 3 55 6 3 3,24 
 Säkerhet 4 74 14 4 3,89 
 Säkerhet 5 54 0 3 2,84 
 Säkerhet 6 68 10 4 3,58 
 Säkerhet 7 68 11 4 3,58 
 Säkerhet 8 60 7 3 3,16 
 Säkerhet 9 54 4 3 3,00 
 Säkerhet 10 53 3 3 2,79 
 Produktivitet 11 46 0 3 2,71 
 

2,83 
Produktivitet 12 47 1 3 2,76 

 Produktivitet 13 50 1 3 2,78 
 Produktivitet 14 58 2 3 3,05 
 Flexibilitet 15 38 1 2 2,24 
 

2,66 

Flexibilitet 16 58 3 3 3,05 
 Flexibilitet 17 52 3 3 2,89 
 Flexibilitet 18 52 2 3 2,74 
 Flexibilitet 19 45 0 2 2,37 
 Flexibilitet 20 51 1 3 2,68 
 Materialflöde 21 60 3 3 3,16 
 

3,05 

Materialflöde 22 46 2 3 2,71 
 Materialflöde 23 45 2 3 2,65 
 Materialflöde 24 67 11 4 3,53 
 Materialflöde 25 63 9 4 3,32 
 Materialflöde 26 64 7 3 3,37 
 Materialflöde 27 57 3 3 3,00 
 Materialflöde 28 67 8 4 3,53 
 Materialflöde 29 46 3 2 2,42 
 Materialflöde 30 63 7 3 3,32 
 Materialflöde 31 44 1 2 2,32 
 Materialflöde 32 59 4 3 3,11 
 Materialflöde 33 62 5 3 3,26 
 Teamwork 34 60 6 3 3,16 
 

2,96 
Teamwork 35 56 6 3 2,95 

 Teamwork 36 52 3 3 2,74 
 Teamwork 37 59 6 3 3,11 
 



Teamwork 38 54 5 3 2,84 
 Underhåll 39 61 7 3 3,21 
 

3,07 

Underhåll 40 69 12 4 3,63 
 Underhåll 41 64 8 3 3,37 
 Underhåll 42 51 2 3 2,68 
 Underhåll 43 42 2 2 2,33 
 Underhåll 44 57 4 3 3,17 
 Kvalitet 45 57 3 3 3,00 
 

2,83 

Kvalitet 46 51 3 2 2,68 
 Kvalitet 47 54 3 3 3,00 
 Kvalitet 48 52 1 3 2,74 
 Kvalitet 49 49 3 3 2,72 
 Visualisering 50 62 9 4 3,26 
 

3,01 

Visualisering 51 62 5 3 3,26 
 Visualisering 52 52 4 3 2,89 
 Visualisering 53 42 2 2 2,33 
 Visualisering 54 46 2 2,5 2,56 
 Visualisering 55 65 7 3 3,42 
 Visualisering 56 63 7 3 3,32 
 Visualisering 57 63 7 3 3,32 
 Visualisering 58 61 7 3 3,21 
 Visualisering 59 60 6 3 3,16 
 Visualisering 60 61 6 3 3,21 
 Visualisering 61 42 1 2 2,21 
 Layout 62 46 0 3 2,56 
 

2,69 

Layout 63 50 3 3 2,78 
 Layout 64 56 4 3 2,95 
 Layout 65 40 3 2 2,11 
 Layout 66 45 3 2 2,37 
 Layout 67 56 4 3 3,11 
 Layout 68 60 5 3 3,16 
 Layout 69 40 0 2 2,22 
 Layout 70 36 1 2 1,89 
 Layout 71 57 3 3 3,17 
 Layout 72 53 5 3 2,94 
 Layout 73 52 5 3 3,06 
 Automation 74 57 3 3 3,17 
 

2,75 

Automation 75 49 2 3 2,58 
 Automation 76 41 1 2 2,28 
 Automation 77 49 0 3 2,72 
 Automation 78 53 1 3 2,79 
 



Automation 79 59 6 3 3,11 
 Automation 80 49 3 3 2,72 
 Automation 81 50 3 3 2,63 
 

 

 
  



Appendix 3.4 – Blue collar responses 

  F   
M 
>15   

M 
>15 

M 
>10 

M 
>15 

M 
>15 

F 
>5 

M 
>10 

M 
>10 

M 
>5 

M 
>10     

M 
<5 M 

1 4 4 4 2 4 4 4 4 2 3 2 3 2 1 3     4  4  

2 4 2 4 3 3 4 4 4 3 3 3 1 3 4 2 4 4 

3 4 3 4 3 4 4 4 4 3 x 2 4 4 4 4 4 3 

4 4 4 4 3 3 4 3 4 4 4 2 4 4 4 4 4 3 

5 3 3 4 3 4 4 3 4 2 3 1 2 3 3 2 3 3 

6 4 4 4 3 2 4 4 4 4 4 3 2 3 4 4 3 4 

7 4 0 4 4 2 4 3 4 4 4 3 4 4 4 2 4 4 

8 4 2 3 3 4 3 2 4 4 4 2 4 2 3 2 4 3 

9 3 2 x 3 2 2 2 4 2 2 1 1 2 3 x x 4 

10 3 3 3 3 3 4 4 4 3 3 3 4 2 4 3 3 4 

11 2 2 3 2 3 3 3 4 2 4 1 2 2 3 3 3 3 

12 2 1 2 2 2 3 3 4 2 4 1 3 1 3 x 3 3 

13 2 1 4 3 4 3 3 3 2 3 1 0 2 3 3 2 3 

14 2 2 4 3 3 3 3 4 3 3 3 3 2 3 3 3 3 

15 3 1 3 3 3 4 3 4 2 4 3 2 1 3 2 3 3 

16 3 3 3 2 2 4 3 4 3 3 2 2 2 3 4 3 3 

17 3 2 3 3 3 4 3 4 3 3 2 4 2 3 4 3 3 

18 3 3 3 3 3 3 2 x 3 x 3 4 2 3 4 2 3 

19 2 2 3 2 2 2 2 4 1 x 2 0 2 2 2 3 2 

20 2 1 2 3 1 2 2 4 2 x 2 1 2 4 4 4 3 

21 2 2 3 2 2 4 3 4 2 3 2 1 x 2 3 3 2 

22 2 1 3 3 0 3 2 3 2 3 1 0 2 2 2 1 2 

23 2 1 3 3 2 3 2 3 2 1 2 0 2 2 3 1 2 

24 2 3 3 3 1 4 3 4 2 3 2 2 3 2 3 3 2 

25 2 3 3 3 1 3 3 3 1 3 1 1 3 2 2 3 1 

26 2 3 3 3 4 4 4 4 2 4 1 4 3 3 2 3 2 

27 3 3 3 3 3 3 3 4 2 3 2 2 3 3 4 4 2 

28 3 3 3 3 3 4 3 4 2 3 2 2 3 3 4 4 3 

29 3 3 x 3 3 3 3 4 x x 3 3 x 3 3 3 2 

30 3 4 2 3 3 4 4 4 3 4 3 4 4 2 4 3 3 

31 2 1 3 3 3 2 2 3 2 3 1 0 2 2 3 4 2 

32 3 4 3 3 3 4 3 4 3 4 2 4 4 3 4 3 2 

33 2 4 3 3 3 4 3 4 3 3 2 4 4 3 4 4 2 

34 2 3 3 1 3 2 2 4 2 x 2 1 1 3 2 3 1 

35 2 2 3 2 3 3 2 3 3 4 3 1 3 2 4 4 1 

36 2 2 3 3 0 3 1 4 2 4 1 1 2 3 4 4 1 

37 3 3 3 3 1 3 2 4 3 4 2 1 2 3 4 3 2 

38 3 2 3 4 4 4 4 4 3 4 3 2 4 2 4 4 3 

39 3 3 3 2 3 4 4 4 3 3 3 2 3 3 4 4 3 

40 4 4 4 4 4 4 4 4 3 3 3 4 3 3 4 4 3 

41 3 4 4 3 2 3 3 3 2 3 2 3 3 3 4 4 3 

42 3 3 3 3 4 4 4 3 3 2 3 2 3 3 4 4 3 



43 3 2 3 3 2 4 4 4 3 3 1 3 3 3 x 4 3 

44 3 3 4 4 3 3 3 4 3 4 2 3 4 3 x 4 3 

45 3 3 3 4 3 4 3 4 3 4 2 2 4 3 3 4 3 

46 3 3 x 3 3 3 3 4 x x 3 x x 2 2 3 2 

47 3 3 4 4 3 4 4 4 4 4 3 4 2 4 4 3 3 

48 3 3 3 3 3 4 3 3 4 x 2 4 2 4 3 3 3 

49 2 2 3 2 1 2 2 4 4 2 2 0 2 3 x 3 2 

50 3 3 3 1 2 3 2 4 4 x 1 1 2 4 0 4 2 

51 3 4 3 4 3 3 3 4 3 4 2 3 2 4 3 4 2 

52 2 3 3 2 0 2 3 3 3 3 1 2 x 3 x 4 2 

53 2 4 2 3 3 2 3 3 3 4 1 3 x 2 2 4 2 

54 2 3 3 4 1 2 4 3 3 2 1 1 2 3 2 4 3 

55 3 4 4 4 4 3 3 4 3 4 2 3 3 3 4 4 3 

56 3 4 3 3 4 4 3 4 3 3 2 2 3 3 4 4 3 

57 3 4 3 3 3 4 3 4 3 3 3 4 3 3 4 3 3 

58 3 3 3 3 3 4 3 4 3 2 2 2 3 3 3 3 2 

59 3 4 3 3 3 4 3 4 3 3 3 3 2 3 4 3 3 

60 2 3 3 2 2 4 3 4 2 3 3 3 2 3 4 3 3 

61 2 2 3 3 0 2 2 3 2 2 1 2 2 3 2 3 3 

62 3 3 3 3 3 3 3 4 3 3 3 3 2 3 x 3 3 

63 3 4 3 3 3 3 3 4 3 3 2 3 3 3 x 4 3 

64 3 3 3 3 0 3 3 4 3 4 2 3 3 2 4 4 2 

65 3 4 3 4 4 2 4 4 3 4 3 4 3 2 4 4 3 

66 3 4 3 4 4 3 4 4 3 4 3 4 3 2 4 4 3 

67 3 4 3 4 4 3 4 4 3 4 3 4 3 3 4 4 3 

68 3 3 3 4 3 3 3 4 3 2 2 4 3 3 4 4 3 

69 3 2 3 3 2 2 3 4 2 3 2 2 x 3 2 4 3 

70 2 1 2 4 2 2 2 3 2 2 1 0 2 3 2 3 3 

71 3 1 4 3 2 3 3 4 2 2 2 3 2 3 x 3 3 

72 2 2 3 3 4 3 3 4 2 x 1 2 x 3 x 3 2 

73   2 x 3 4 3 2 4 2 x 2 2 x 3 x 3 2 

74 2 3 3 3 3 3 3 4 3 4 3 3 x 3 x 3 3 

75 2 1 2 2 0,5 3 3 4 3 2 3 2 2 3 0 3 3 

76 3 1 4 3 1 4 3 4 3 3 2 1 x 1 2 3 3 

77 2 2 3 3 4 3 2 4 3 4 2 3 3 3 3 3 3 

78 1 2 3 2 2 2 3 4 3 4 2 3 2 3 0 3 3 

79 3 3 4 4 4 3 3 4 3 4 3 4 4 3 4 3 3 

80 2 3 4 3 4 2 3 4 3 3 3 x 4 2 4 3 3 

81 2 2 3 4 1 2 3 4 3 3 2 x 3 3 0 4 2 

82 2 4 3 3 0 2 2 x 2 4 2 x 3 3 0 3 2 

 

 



Appendix 3.5 Summary of blue collar survey 

  
Summa 

Antal 
4 Snitt Median 

vikt av 
kategori 

1 47 8 3,13 4,00 

3,23 

2 55 7 3,24 3,00 
3 58 11 3,63 4,00 
4 62 12 3,65 4,00 
5 50 4 2,94 3,00 
6 60 10 3,53 4,00 
7 58 11 3,41 4,00 
8 53 7 3,12 3,00 
9 33 1 2,36 2,00 
10 56 5 3,29 3,00 
11 45 2 2,65 3,00 

2,62 
12 39 2 2,44 2,50 
13 42 2 2,47 3,00 
14 50 2 2,94 3,00 
15 47 3 2,76 3,00 

2,69 

16 49 3 2,88 3,00 

17 52 4 3,06 3,00 

18 44 2 2,93 3,00 

19 33 1 2,06 2,00 

20 39 4 2,44 2,00 
21 40 2 2,50 2,00 

2,72 

22 32 0 1,88 2,00 

23 34 0 2,00 2,00 

24 45 2 2,65 3,00 
25 38 0 2,24 3,00 

26 51 6 3,00 3,00 

27 50 3 2,94 3,00 

28 52 4 3,06 3,00 

29 39 1 3,00 3,00 

30 57 8 3,35 3,00 
31 38 1 2,24 2,00 

32 56 7 3,29 3,00 

33 55 7 3,24 3,00 

34 35 1 2,19 2,00 

2,65 

35 45 3 2,65 3,00 

36 40 4 2,35 2,00 

37 46 3 2,71 3,00 

38 57 9 3,35 4,00 

39 54 5 3,18 3,00 

3,23 40 62 11 3,65 4,00 
41 52 4 3,06 3,00 



42 54 5 3,18 3,00 

43 48 4 3,00 3,00 

44 53 6 3,31 3,00 

45 55 6 3,24 3,00 

2,99 

46 34 1 2,83 3,00 

47 60 10 3,53 4,00 

48 50 4 3,13 3,00 

49 36 2 2,25 2,00 

50 39 4 2,44 2,50 

2,86 

51 54 6 3,18 3,00 

52 36 1 2,40 3,00 

53 43 3 2,69 3,00 

54 43 3 2,53 3,00 

55 58 8 3,41 3,00 

56 55 6 3,24 3,00 

57 56 5 3,29 3,00 

58 49 2 2,88 3,00 

59 54 4 3,18 3,00 

60 49 3 2,88 3,00 

61 37 0 2,18 2,00 

62 48 1 3,00 3,00 

2,95 

63 50 3 3,13 3,00 

64 49 4 2,88 3,00 

65 58 9 3,41 4,00 

66 59 9 3,47 4,00 

67 60 9 3,53 4,00 

68 54 5 3,18 3,00 

69 43 2 2,69 3,00 

70 36 1 2,12 2,00 

71 43 2 2,69 3,00 

72 37 2 2,64 3,00 
73 32 2 2,67 2,50 

74 46 2 3,07 3,00 

2,81 

75 38,5 1 2,26 2,00 
76 41 3 2,56 3,00 
77 50 3 2,94 3,00 
78 42 2 2,47 3,00 
79 59 8 3,47 3,00 
80 50 5 3,13 3,00 
81 41 3 2,56 3,00 
82 35 2 2,33 2,00   

 



Appendix 3.6 – Comparison of results 

  
Average WC Average OP Total average Rank 

1 
2,81 3,13 2,973 34 

2 3,39 3,24 3,312 9 

3 3,24 3,63 3,430 5 

4 3,89 3,65 3,771 1 

5 2,84 2,94 2,892 45 

6 3,58 3,53 3,554 3 

7 3,58 3,41 3,495 4 

8 3,16 3,12 3,138 24 

9 3,00 2,36 2,679 58 

10 
2,79 3,29 3,042 31 

11 
2,71 2,65 2,676 59 

12 2,76 2,44 2,601 65 

13 2,78 2,47 2,624 64 

14 3,05 2,94 2,997 32 

15 
2,24 2,76 2,500 71 

16 3,05 2,88 2,967 36 

17 2,89 3,06 2,974 33 

18 2,74 2,93 2,835 48 

19 2,37 2,06 2,215 79 

20 2,68 2,44 2,561 67 

21 
3,16 2,50 2,829 50 

22 2,71 1,88 2,294 77 

23 2,65 2,00 2,324 76 

24 3,53 2,65 3,087 28 

25 
3,32 2,24 2,776 54 

26 3,37 3,00 3,184 21 

27 3,00 2,94 2,971 35 

28 3,53 3,06 3,293 11 
29 2,42 3,00 2,711 57 

30 3,32 3,35 3,334 7 

31 
2,32 2,24 2,276 78 

32 3,11 3,29 3,200 19 

33 3,26 3,24 3,249 15 

34 3,16 2,19 2,673 60 

35 2,95 2,65 2,797 51 
36 2,74 2,35 2,545 68 

37 3,11 2,71 2,906 44 

38 2,84 3,35 3,098 27 



39 3,21 3,18 3,193 20 

40 3,63 3,65 3,639 2 
41 3,37 3,06 3,214 18 

42 2,68 3,18 2,930 39 

43 
2,33 3,00 2,667 61 

44 3,17 3,31 3,240 16 

45 3,00 3,24 3,118 25 

46 2,68 2,83 2,759 55 

47 3,00 3,53 3,265 14 

48 2,74 3,13 2,931 38 

49 2,72 2,25 2,486 72 

50 3,26 2,44 2,850 47 

51 3,26 3,18 3,220 17 

52 2,89 2,40 2,644 62 

53 2,33 2,69 2,510 70 

54 2,56 2,53 2,542 69 

55 3,42 3,41 3,416 6 

56 3,32 3,24 3,276 13 

57 3,32 3,29 3,305 10 

58 3,21 2,88 3,046 29 

59 3,16 3,18 3,167 22 

60 3,21 2,88 3,046 29 

61 2,21 2,18 2,193 80 

62 2,56 3,00 2,778 53 

63 2,78 3,13 2,951 37 

64 
2,95 2,88 2,915 43 

65 2,11 3,41 2,759 56 

66 2,37 3,47 2,920 42 

67 3,11 3,53 3,320 8 

68 3,16 3,18 3,167 22 

69 2,22 2,69 2,455 73 

70 1,89 2,12 2,006 82 

71 3,17 2,69 2,927 40 

72 2,94 2,64 2,794 52 
73 3,06 2,67 2,863 46 

74 3,17 3,07 3,117 26 

75 2,58 2,26 2,422 74 

76 2,28 2,56 2,420 75 

77 2,72 2,94 2,832 49 

78 2,79 2,47 2,630 63 

79 3,11 3,47 3,288 12 
80 2,72 3,13 2,924 41 

81 2,63 2,56 2,597 66 

82 1,94 2,33 2,139 81 

 



Appendix 3.7 – Priority of Survey questions 

 
  Prioriteringslista över enkätfrågor.  

         

   
4 Krav   

   

   
3 Mycket viktigt 

   

   
2 Mindre viktigt 

   

   
1 Oviktigt   

   

         

  
Enkätfrågor sammanställda i respektive kategori och i ordning efter vikt. Vikten 

baseras på summan av medelvärdena från operatörsintervjuer respektive 
management + middle management   

  

           
 

Materialflöde           

1 3 Det krävs ingen ompaketering av material mellan processerna 

2 3 Materialförflyttningssystem är driftsäkra 
   3 3 Det finns utrymme för att enkelt ta sig fram med spånbingar 

 4 3 Det krävs minimal manuell materialhantering på linen. 
 5 3 Linen kan laddas och plundras utan att störa processen 
 6 3 Det finns dedikerad plats för ingående och utgående material 
 7 3 Materialförflyttningssystem är enkla 

   
8 3 

Leverans- och upphämtningsplatser stämmer överens med makroflödet i 
fabriken 

9 2 Det finns dedikerad plats för hämtning/lämning av tomma/fulla spånbingar 

         1 
 

Layout             

2 4 Det finns utrymme för mätstationer 
   3 3 Det är enkelt att röra sig mellan linerna 
   4 3 Det finns gott om utrymme för arbete mellan maskinerna 

 5 3 Layouten är yteffektiv 
    6 3 Det finns utrymme för skrivbord/arbetsplats 

  7 3 Det finns utrymme för materialskåp vid varje maskin som kräver ställ 

8 3 Liner inom respektive produktgrupp (axel, sync, kugg) följer en layoutstandard  

9 3 Alla teamytor/arbetsplatser följer en layoutstandard  
 

 
3 Maskiner ska kunna servas med så lite spring som möjligt 

 

             Säkerhet             

1 4 Det finns lyfthjälp vid alla tunga/repetitiva lyft 
  2 4 Allt arbete kan utföras ergonomiskt riktigt 
  3 3 Arbetsplatsen är lätt att utrymma vid larm 
  4 4 Säkerheten i robotceller är automatiserad 
  5 3 Det ska vara full överblick i robotcell från dess kontrollpanel 

 6 3 Truckar hanteras bara av professionella förare 
  7 3 Hantering av maskiner, elskåp etc ska inte ske på/nära truckgång 

8 3 Laddning och plundring av line ska inte kräva operatör på/nära truckgång 

9 3 Maskiner kan hanteras utan att gå in i robotceller 
   



  Produktivitet           

3 Maskiner ska kunna felsökas snabbt 
   3 Buffertar kan hålla igång produktionen under ställ och planerade stopp 

2 Ställ/underhåll kan utföras utan att stoppa hela linen 
 2 Buffertar kan hålla igång produktionen under raster 
 

        

        

 
Visualisering           

3 Ljusfyrar är synliga 
     3 Det är lätt att söka och förstå felorsaker 

   3 Det är lätt att förstå produktionsstatus 
   3 Det finns överblick över samtliga maskiner i en line 

  3 Det är lätt att se kommande materialbehov 
  3 Det är lätt att se buffertnivåer 

    3 Det är lätt att förstå produktflödet 
   2 Tillämpning av 5S är hög 

    2 Det finns överblick över samtliga linor i ett block 
  

        

 
Teamwork           

3 Pausutrymmen är skilda från arbetsplatsen 
  3 Teamytan är placerad med hänsyn till bullernivå 
  3 Det finns en gemensam skrivbordsplats inom midiblocket 

 2 Det finns en avsedd plats för team-möten 
  2 Teamytan ska vara placerad med uppsikt över alla liner inom blocket. 

        

 
Automation           

3 Materialhanteringen bygger på enkla lösningar 
  3 Maskinerna är kompatibla med existerande laddning och transportsystem 

3 Man använder beprövade automationslösningar 
  2 Man håller automationsnivån enkel 

   3 Automationen följer en standard inom företaget 
  2 Maskiner går snabbt att lära sig 

   3 Man använder de senaste automationslösningarna 
  

        

          Flexibilitet           

3 Linen kan anpassas till varierande volym 
   3 Linen kan anpassas till nya produkter 
   3 Det finns yta för framtida expansion/kapacitetsökning 

 2 Det är möjligt att flytta produkter mellan liner vid stopp 
 3 Linerna inom blocket har huvudsakligen maskiner av samma märke 

2 Det ska vara lätt att bygga om/flytta linen 
  

        

        

        



        

 
Underhåll           

4 Underhåll ska kunna utföras säkert för tekniker och operatörer 

3 Linen är lättstädad 
     

3 
Produkterna/ämnena är rena från olja/spån/smuts när de lämnar 
maskinen 

3 Det finns utrymme för underhåll att komma åt överallt med kran 

3 Underhåll kan ske fritt från truckgångar 
   3 Underhållsarbetare kan ha ögonkontakt med varandra under arbete 

        

        

 
Kvalitet             

4 Kvalitetskontrollplatser är utrustad med mätutrustning 
 3 Det finns avsedda platser för kvalitetskontroll längs med linen. 

3 Operatören har närhet till produkterna genom linen 
 3 Materialflödet anpassat för framtida automatisering (ex AGC) 
 2 Skrotnivåer visualiseras på linen 

    



APPENDIX 4  –  CELL CONFIGURATIONS  



APPENDIX  5  –  RPA 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 5.1  RPA QUESTIONNAIRE  



 

FIGURE 5  .2  COMPARISON OF CASE COMPANY AND OTHER PLANTS RPA 



 

FIGURE 5.3  DETAILED ASSESMENT  



APPENDIX 6 

APPENDIX 6.1  –  EVALUATION OF EXISTIN G LAYOUT  
 

The layout evaluation tool was tested on a line producing gears. The group consisted of four 

plus the authors and three lines were evaluated throughout the test. After the test, the layout 

evaluation tool was improved by adding pictures of the respective layouts to the evaluation 

sheet. 

 

 

FIGURE 6.1.1  CURRENT LAYOUT 

The existing layout was viewed as poorly conducted and received an average of 1.8 when 

estimating its compliance with the demands.  Work had to be performed in the forklift aisles 

and material flow was difficult to track. It was also impossible to keep an overview over all 

machines at the same time. The flexibility in each line is fairly high, but the mutual flexibility 

is low. The truck aisle in the middle also separates the workers which hampers both flexibility 

and teamwork. Maintenance can be conducted everywhere, but not always without blocking 

forklift aisles.   

 

 

 

 

 

 



 

APPENDIX 6.2  –  EVALUATION OF LAYOUT 1 

 

FIGURE 6.2.1  LAYOUT SUGGESTION 1 

Layout suggestion 1 was perceived as the most feasible solution and was ranked with an 

average of 2.7. This is a 50% improvement compared with the current layout, but is still lower 

than level 3, that is to say, not so good. An extra pallet place has been added in one of the 

robot cells. This enables the robot to keep working even if a pallet is full, which frees up the 

operator. Maintenance can also be conducted without blocking any of the mail forklift aisles. 

The layout tool led to the following improvement suggestions: 

 Close the forklift aisle between the lines 

 Move the pallet racks  

 Create a team area where the pallet racks and the forklift aisle used to be 

 Increase the buffer level to avoid that the operator is locked to the picking 

station.  

 

  



APPENDIX 6.3-  EVALUATION OF LAYOUT 2  (VISION) 

 

FIGURE 6.3.1  LAYOUT SUGGESTION 2 

The second layout suggestion is considered a vision and not feasible in the near future without 

a large investment. The vision scored an average of 4.6 which is slightly above an average 

line. While using the layout tool suggestions for improvements occurred that together would 

let the layout climb up to an average of 6.6. While discussing safety and environment a 

suggestion to shorten the fences around the robot cells to let the operators pass without 

walking in the forklift aisle, and moving the control panel farther away from the aisle. A 

concern that the control panels to the respective robots were too close to each other, and thus 

would easily be mixed up also came up.  As a visual management system the group suggested 

a light beacon with blue lights signaling waiting material or empty pallets. The group wanted 

to add a FIFO-lane for the material between the two lines. Space for this would be achieved 

by removing the pallet shelving on the right side and move the line to the right. The material 

system should also be marked and shelves or lanes be dedicated to the different robots to 

make it visual and clear if all robots had material or not. The buffer level at the picking point 

was considered unnecessary large and reducing the length by a third would save space. 

Shorter buffers also facilitate quality control.  

To create a better team area the lockers in the center could be moved and the picking point 

could be moved from the right side of the robots to the left. This would put the operators 

closer to the center and facilitate teamwork, and in turn also worker flexibility.  However this 

would also disturb the straight material flow.  

To facilitate maintenance the turning machine on the left line could be turned 90° to make it 

easier to access.  

 

  



APPENDIX 6.4  –  LAYOUT EVALUATION CHART  

 

TABLE 6.4.1  LAYOUT COMPLIANCE WITH DEMAND 

Table X-1 shows how the layouts were rated in regard to each demand. Comment fields are 

marked with a red triangle, and as can be seen in the table, several suggestions for 

improvements came up during the evaluation of the vision.  

  



APPENDIX 6.5  –  WEIGHTED EVALUATION OF LAYOUTS  

 

TABLE 6.5.1  WEIGHTED LAYOUT EVALUATION 

The layouts were first compared against each other by calculating the product of the weight 

and the rate of compliance. A sum of all the products is calculated at the second lowest row, 

and the layouts are ranked on the lowest row, where the layout ranked 1 is the best layout, the 

layout ranked 2 is the second best and so on.  Note that the second top row is to illustrate an 

example, and is not included in the calculations.  



APPENDIX 6.6  –  RANKING OF LAYOUTS  

 

TABLE 6.6.1  RANKING OF LAYOUTS  

The layouts are also compared with each other. The best layout in each category is awarded 2 

points, the second best 1 point, the 3
rd

 best 0 points and so on depending on how many layouts 

there are. This comparison does not take the weight into consideration, which benefits layouts 

that are better than the others at many things.  

  



APPENDIX 6.7  –  EVALUATION DIAGRAMS  

 

FIGURE 6.7.1  BUBBLE DIAGRAM  

A bubble diagram quickly shows tendencies towards which layouts are generally at the top.  

 

FIGURE 6.7.2  RADAR DIAGRAM 

A radar diagram shows how extensive the layouts are.  A large area illustrates an ample 

layout.  

 

FIGURE 6.7.3  COLUMN DIAGRAM  

A column diagram visualizes which layouts best satisfy the demands of the respective 

categories.  
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APPENDIX 7  –  LAYOUT EVALUATION TOOL  
 

APPENDIX 7.1  –  SAFETY AND ENVIRONMENT  
 

 

 



 

 



 

APPENDIX 7.2  –  VISUAL MANAGEMENT  
 

 



 



 

 

APPENDIX 7.3  -  SCHEDULING SYSTEM  

 

 



 



APPENDIX 7.4  –  USE OF SPACE  

 



 



APPENDIX 7.5  MATERIAL FLOW  

 



 



APPENDIX 7.6  –  TEAMWORK AND MOTIVATION  
 

 

 



 

 

 

 



APPENDIX 7.7  –  CONDITION AND MAINTENANCE OF EQUIPMENT 

AND TOOLS  

 

 



 



APPENDIX 7.8  –  MANAGEMENT OF COMPLEXITY AND 

VARIABILITY  
 

 



 



APPENDIX 7.9  –  FLEXIBILITY  
 

 

  



APPENDIX 7.10  –  QUALITY  
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