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 I 

ABSTRACT  

 

Globalization and the increasing time to market have led to ever-higher requirements on the 

production systems. More than often the short-term thinking and the chase for profit lead to 

cheap quick fixes. The manufacturing industry changes slowly while the market is changing 

rapidly, which requires long-term planning for capacity increase but at the same time the ability 

to rapidly respond to changes. The most crucial factors determining the ability to efficiently 

produce and deliver a product to market is the utilized production system and a well stated 

manufacturing strategy. 

 

The choice of a certain production system depends on company conditions and requirements as 

well as the market demands. The current production systems performance and ability to handle 

different production volumes and divergence must be considered and evaluated from an 

economical perspective. 

 

During this thesis work the benefits and disadvantages with batch flow and one-piece flow 

have been examined. Generally one-piece flow had been considered the most efficient 

regarding performance and economical aspects. Meanwhile, batch flow had some benefits 

associated to it regarding high level of flexibility to handle several different product variants 

and better possibilities to govern the material flow compared to one-piece flow. 

There has also been examined which are the most crucial factors affecting the choice between 

one-piece flow and batch flow. 

It emerged during the thesis work that the most crucial factor affecting the choice of production 

system was the Manufacturing Strategy. It can be considered as the ground for every decision 

regarding the production system and future investments. It determines where the company 

currently stands, where they want to be in the future and which steps they need to take to get 

there.  The economical factor is as least as important because all decisions include more or less 

costly investments. At the same time the chosen production system must be as efficient as 

possible and generate money for the company. Based on these two main factors other 

interesting factors have been presented. These factors may not affect the choice as much, but 

are to be considered as important in this context 

 

 

The most crucial factors found to affect the choice of a production system were; Manufacturing 

Strategy, Economical factors, Production planning and control, Flexibility and capacity, 

Production volume, variants and trends. 

 

The research work has been conducted over a twenty-week period, during which data 

collection has been performed via Multiple Case Studies at four companies manufacturing 

similar components within the light and heavy automotive industry. Additional data collection 

has been performed through a literature review by examining relevant material for the research 

questions. 

 

This have led to a collected knowledge base regarding benefits and disadvantages with each 

production system along with underlying reasons for deciding on one of them. Based on the 

collected material from the Case Studies and the theoretical findings, a Mind map visualizing 

the crucial factors affecting the choice of a production system is presented.  This can be utilized 

by the companies in order for structured evaluation of their current production system and for 

planning for future changes within production. 
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SAMMANFATTNING 
 

Globaliseringen och den ökande pressen på företag att producera och få ut produkter på 

marknaden på kortast möjliga tid har lett till att det ställs allt högre krav på 

produktionssystemen. 

 Allför ofta leder kortsiktigt tänkande och jakten på vinster till att företag väljer enkla och 

billiga snabblösningar. Tillverkningsindustrin förändras långsamt medans marknaden ändras 

fort, vilket kräver att företagen kan planera för långsiktiga kapacitetsökningar och ändå ha 

beredskap för att snabbt kunna anpassa sig till förändringar. Det som till allra största del avgör 

hur effektivt man kan producera och leverera en produkt till marknaden är vilket 

produktionssystem ett företag använder samt en välformulerad tillverkningsstrategi. 

 

Vilket produktionssystem man väljer är beroende av vilka förutsättningar och krav ett företag 

har lika mycket som av marknadskraven. Man måste ta hänsyn till det nuvarande 

produktionssystemets prestanda och möjlighet att hantera ändrade produktionsvolymer och 

variantflora och utvärdera detta ur en ekonomisk synvinkel.  

Under detta examensarbete har för- och nackdelar med batchflöde och enstycksflöde 

undersökts och utvärderats. Generellt sätt har enstycksflöde konstaterats vara mest effektivt 

rent ekonomiskt och prestandamässigt. Däremot, har batchflöde tilldelats fördelar som hög 

flexibilitet att hantera olika produktvarianter och bättre möjligheter att styra materialflödet 

jämfört med enstycksflöde. 

 

Det har även undersökts vilka som är de mest avgörande faktorerna som styr valet av 

enstycksflöde eller batchflöde. 

Under arbetets gång framkom det att den mest avgörande faktorn som påverkar valet av 

produktionssystem var företagets Produktionsstrategi. Den kan anses vara grunden för alla 

beslut rörande produktionssystemet och framtida satsningar. Där visar man var företaget 

befinner sig idag samt var man vill vara i framtiden och vilka beslut man måste ta för att ta sig 

dit.  Den ekonomiska faktorn är minst lika viktig, då alla beslut i slutändan handlar om mer 

eller mindre kostsamma investeringar. Samtidigt måste det valda produktionssystemet vara så 

effektivt som möjligt och generera pengar till företaget. Med utgångspunkt från dessa två 

huvudfaktorer har andra intressanta faktorer tagits fram, som inte påverkar valet av 

produktionssystem i lika hög grad, men som ändå kan anses vara viktiga i sammanhanget. 

 

Forskningsarbetet har bedrivits under 20 veckors tid, där datainsamling har utförts via 

fallstudier på fyra företag som tillverkar liknande komponenter inom fordonsindustrin. Vidare 

datainsamling har gjorts genom en litteraturstudie där relevant material för forskningsfrågorna 

har undersökts. 

 

Detta har lett till en samlad kunskapsbas gällande för- och nackdelar med de respektive 

produktionssystemen samt bakomliggande orsaker till att välja något av dessa 

produktionssystem. Utifrån det samlade materialet från fallstudierna samt de teoretiska rönen 

har sedan en tankekarta tagits fram, som visualiserar de avgörande faktorerna som påverkar 

valet av ett produktionssystem. Denna tankekarta kan företag använda sig av för att på ett 

strukturerat sätt utvärdera nuvarande produktionssystemet samt planera för framtida 

förändringar inom produktionen. 
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ABBREVIATIONS 

 

5 Why             - Iterative question-asking technique used for exploring the cause and                        

effect relationships to a particular problem. 

  

Andon - Manufacturing term associated with a system to notify management, 

maintenance, and other workers of quality or process problem. 

 

AXXOS - A system for downtime monitoring. 

 

Binar Tact - System for balancing the production tact. 

 

Cell - A cell is an arrangement of the processing steps placed next to each 

other, in sequential order (Harris & Rother, 2001). 

 

CONWIP - Constant-Work-In-progress. A pull alternative to Kanban. The 

CONWIP system controls the orders released to the shop floor, and 

is used in systems with a mix of parts having different operation 

times at each station (Dolgui & Proth, 2010). 

 

FIFO - First-In-First-Out principle refers to a production system where 

parts are processed in a predetermined sequence. 

 

Fixed position - When processing equipment is brought to the product to process it 

in a fixed location. Often used for larger products that are too 

cumbersome to handle. 

 

High-cost locations - Developed, as well as developing markets that has a higher cost of 

production in general (mainly North America and Western Europe) 

(KPMG International, 2006). 

 

JIT - Just-in-time. 

 

Kanban - Kanban is a card-oriented pull system that uses cards for production 

control (Dolgui & Proth, 2010). 

 

Low-cost locations - Undeveloped, as well as developing markets that has a lower cost of 

production in general (Mainly China and other countries in the 

Asia-Pacific region) (KPMG International, 2006). 

 

MTTR - Mean Time to repair. Basic measure for maintainability of 

repairable items. 



 IX 

 

OEE - Overall Equipment Effectiveness 

 

Pinion - A part of the differential mainly consisting of a rod, with splines and 

tread, and a “head” with cogs. 

 

Push - Push systems focuses on using the production capacity to its 

maximum. It produces after an estimated costumer demand (Boyer 

& Verma, 2009). 

 

Pull - Pull system uses costumer demand to drive the production planning. 

It is often used in the production of highly customizable products, as 

specific demand is hard to schedule (Boyer & Verma, 2009). 

 

Tact-time - Tact-time is a pacemaker of the processes that gives a reference 

number in time per unit and is used to help the production match the 

sales rate (Harris & Rother, 2001) 

 

Upstream activities - Early production systems that often feeds the assembly (Smalley, 

2004). 

 

Downstream activities - Often refers to the assembly or later production system, feed by an 

earlier (Smalley, 2004). 

 

WIP - Work-in-progress is the items in the production that is currently 

being processed. These can be either components or assemblies 

needed for the finished goods (Krajewski, Ritzman, & Malhotra, 

2010).
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1 INTRODUCTION 

This chapter gives an introduction to the underlying factors to this project and the framework 

in which it was carried out. The chapter will start with a description of the background for this 

project and then describe the aim, chosen research questions and the limitations that were set. 

 

1.1 Background 

1.1.1 Globalization 

The conditions for industrial production are ever changing. Swedish industry is operating on a 

global market, which brings opportunities, but also leads to ever changing conditions and 

higher demands (Bellgran & Säfsten, 2005). Wherever a company is situated the challenge is to 

produce services and products that can compete on the global market, one of the challenges is 

to design the process to make that happen (Krajewski, Ritzman, & Malhotra, 2010). Due to the 

increasing competition and the constant demand for new products on the market, companies 

need long-term ability to develop new products. Furthermore, it is highly important for them to 

have the knowledge required for realizing products in the best way possible (Bellgran & 

Säfsten, 2005).  

 

Globalization makes companies face intense price pressures, and facilities located in “high-cost 

locations” have to continuously innovate and improve across the production facilities to be able 

to compete with “low-cost locations” that are growing more active in production (KPMG 

International, 2006). The aim for every company is to become as efficient as possible in their 

production, this applies especially for facilities in “high-cost locations” in order to keep their 

production despite of higher overall cost. 

1.1.2 Production System Development 

Sweden is one of the countries in Western Europe that has recognized the importance of 

investing in R&D to boost their profitability (KPMG International, 2006) in order to compete 

on a global scale. One of the focuses within R&D is to develop the company’s production 

systems in order to make them efficient (Bellgran & Säfsten, 2005). The choices regarding 

automation, governing, planning, work environment and organization, are crucial when 

searching and developing solutions that are chosen for production (Bellgran & Säfsten, 2005). 

Closer related to the production processes, managers have to make decisions in designing a 

well-functioning process type that in the best way achieves the relative importance of quality, 

volume, time, flexibility, product customization, process characteristics, cost for that process 

and available technology (Krajewski, Ritzman, & Malhotra, 2010). This means choosing the 

appropriate production system for the company. Currently there are only a few different 

developed production systems in use.  

 

The systems used today utilize different flows, which are entitled project, job shop, batch flow, 

one-piece flow, line flow and continuous flow. The systems can also use different types of 

layouts. These layouts are suitable for different kinds of product divergence and volumes. The 

different kinds of layout and flows give the production system different competitive output 

(Miltenburg, 2005; Smalley, 2004). A combination of the available solutions in flow and layout 

that is suitable for the production system is specifically developed for an optimal production 

system (Bellgran & Säfsten, 2005; Krajewski, Ritzman, & Malhotra, 2010). Further a good 

strategy for a production process highly depends on the production volume. For many 

production processes, high product customization means lower volumes for many of the steps 

in the process. When striving for customization, top quality and product variety, the likely 
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result is lower volume for any particular step in the production process (Krajewski, Ritzman, & 

Malhotra, 2010).  

1.1.3 Production Decision Support 

Literature about production systems is often system specific such as Continuous Flow 

Manufacturing: Quality in Design and Processes (Guerindon, 1995) and The Toyota Way 

(Liker & Meier, 2012). These kinds of books describe the production system and how to 

achieve it but not explicit why it should be used and how to decide to use it. There are also 

books that describe generally how a decision is made in the choice of production systems and 

why, such a book is Produktionsutveckling: Utveckling och Drift av Produktionssystem 

(Bellgran & Säfsten, 2005). The competitive pressure caused by globalisation requires 

companies to look at and evaluate their current production systems in order to be able to remain 

in business, or exploring new possibilities (Bellgran & Säfsten, 2005). This often includes 

costly decisions regarding production facilities, equipment, tools workforce, skills, etc. 

Choudari et.al. (2012, p.3698) states, “Manufacturing strategy literature lacks empirical 

research in manufacturing decision areas”. This makes decisions regarding production hard for 

companies due to the lack of data and a proven methodology. Decision areas within production 

have been established (Skinner, 1969; Wheelwright & Hayes, 1985; Miltenburg, 1995; 

Bellgran & Säfsten, 2005), but a decision support in which the decisions are carried out with 

empirical examples does not seem to exist as previously stated. 

1.1.4 Company Background 

GKN is a global engineering group. They deliver technologies and products that are essential 

for vehicles and aircraft produced by the world’s leading manufacturers. GKN consists of four 

different divisions: GKN Driveline, GKN Powder Metallurgy, GKN Aerospace and GKN Land 

Systems, each with its own area of expertise. GKN Driveline Köping AB is a leading 

manufacturer of wheel-drive system, with customers such as Volvo, Land Rover Ford and 

BMW. GKN Driveline Köping AB has approximately 700 employees and has a long history. 

The company was founded in 1856 as “Köpings mekaniska verkstad” and was previously 

owned by Getrag, Volvo Cars and Dana until it was sold to GKN 30 September 2011. This take 

over in ownership led to a €10 million investment from GKN in the facility in Köping.  

 

GKN´s facilities in general use one-piece flow and line layout. However the facility in Köping 

is the only site that uses stand-alone machines and batch flow. The European manager for GKN 

Driveline has questioned this. As for many companies the lack of decision support regarding 

production and limited time has made it hard to evaluate the current production system 

compared to other. The facility in Köping needs supporting material that shows how their 

current production system stands in regard of the general way of production of GKN. The 

material should also give a guideline to what the aim of their production system should be. 

GKN Driveline Köping AB will be addressed as GKN when mentioned later in this thesis 

report. 
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1.2 Aim and Research Questions 

Based on the reasoning above, the aim of this thesis work is to study and compare batch flow 

production system with one-piece flow production systems in order to establish a decision 

support in the form of a decision process mind map, regarding selection of the most appropriate 

production system for a company. The decision process mind map has to include crucial factors 

based on findings of this thesis work and affecting the choice between one-piece flow and 

batch flow. These factors are to be considered by the companies when deciding on either of the 

production systems. When the chosen production system is up and running, it should also be 

further evaluated against the same factors, in order to determine if it was the appropriate 

solution for the company. One factor could for example be the flexibility. If flexibility was 

considered to be a major factor that drives the entire production system it could lead to faulty 

investments, if for example a company decides that they want to focus on the processes instead 

of the product. This could then lead to a goal of acquiring as many operations or as flexible 

machines as possible, and could in the end lead to idle unused machines and thereby means that 

investments have been made based on the wrong reasons. The main goal for the decision 

process mind map is to give the companies a structured way of making decisions regarding the 

production system by emphasizing the most important factors affecting the choice and 

visualizing them into a map. This map would facilitate for the companies to concentrate on 

each of the factors and further investigate what steps need to be done in order to choose the 

suitable solution that is able to meet the market demands but also the objectives and 

requirements of the company. It is highly important that the decision process mind map is 

based on the most important factors affecting the choice of a production system. Relying on 

less important or even totally incorrect factors could lead to wrong decisions and in the end 

result in an inappropriate production system for the company. 

 

In order to meet the aim research questions were formulated: 

 

 What are the benefits and disadvantages with batch flow and one-piece flow principles? 

Looking through literature the authors of this thesis have found that there are lists of the 

benefits and disadvantages, but only short and in the author’s opinion incomplete lists. The 

goal of this research question is to gather the information to a complete list that better cover 

this area for easier decision making regarding production systems. 

 What are the most crucial factors that determine the choice between these production 

systems? 

The goal of this question is through interviews and observations, to conclude what the most 

crucial factors are, that make companies chose a specific production system. And also try to 

determine if they have made the appropriate choice. 
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1.3 Delimitations 

Resulting decision process mind map is meant to function as supporting material in 

development and should be usable for companies with similar systems addressed in this thesis. 

As it is a company driven project the result will be influenced and performed according to the 

conditions at GKN driveline in Köping. Another delimitation is the limited timeframe for the 

thesis work. This also limits the study at the company GKN to only one department, pinions 

soft processing, which consists of operations performed before the hardening process. The time 

plan can be seen in appendix 1. 

 

Furthermore, no simulations of the production are required, due to the limited timeframe and 

the fact that simulations of the department already exist. The study at GKN and other 

companies using task specific production systems with many products and medium sized 

volumes will contribute to a theoretical framework for a general purpose. Benchmarking at 

other companies will be limited to the heavy automotive industry. The theoretical delimitations 

are set to production and process development with focus on lean production.   
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Figure 1 Thesis Process Map 

2 APPROCH AND METHODOLOGY 

This chapter of the report will present the methodology that has been used during the work 

with this project. This chapter will describe the research method and how it was performed in 

this thesis. This involves description of the tools that has been used, how data was collected 

and analysed and then validated by the use of e.g. literature to assure that the outcome of the 

project had the needed quality. 

 

2.1 Research Method 

The method used in this thesis was a literature review based on Creswell (2009) and a multiple 

case study as described by Yin (1988). This method was chosen to be able to compare and 

verify information in both theoretical literary work and practical implementations within 

production systems. 

2.1.1 Research Process 

Figure 1 illustrates the research process throughout this thesis work. How the literature review, 

the case studies and the data collection were performed will be elaborated further in this 

chapter. The outcome of the thesis was to determine the benefits and disadvantages with batch 

flow and one-piece flow principles and the underlying crucial factors affecting the choice for 

any of these. This would facilitate the development of a decision process mind map which 

would support companies determining what way their production system should be aiming for 

in aspect of flow. GKN’s current production system was further evaluated according to the 

findings. 

 

 
 

  

Project 
Planning 

•Objective specification 
•Time Planning 

Litterature 
Review 

•Search Through Relevant Literature and Research 
•Establish Theoretical Framework 

Case 
Studies 

•Select Cases 
•Design Data Collection Protocol (Interviews) 
•Background Research 
•Data Collection 

Analyze 

•Draw conclusions from the data  
•Create decision support 
•Evaluate Current State According to Findings (separate company report) 

Reporting 

•Document the work and result 
•Review of the thesis work 
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2.2 Literature Review 

When applying the case study method a literature review will help the researcher to define the 

case and the unit of analysis by comparing to previous research within the field examined (Yin, 

1988). Furthermore, it will help the researcher to develop sharper and more insightful research 

questions about the topic (Yin, 1988). The unit of analysis for this thesis was batch flow 

production system and one-piece flow production systems. The literature study planned and 

performed for this thesis follows the method explained in Research Design by Creswell (2009). 

The author discusses the purpose of the literature review based on Cooper (1984) and Marshall 

& Rossman (2006) and states that it relates the study to a larger, ongoing dialogue in the 

literature, filling in gaps and extending prior studies. It also provides a framework for 

establishing the importance of the study as well as a benchmark for comparing results with 

other findings. 

 

The literature review for this thesis was performed according to the following steps: 

 

1. To be able to locate relevant theoretical material for the topic of this thesis some 

keywords were used: production systems, production development, batch, one-piece 

flow, single piece flow, flow, lean, production, continuous flow, just-in-time, decision 

support. 

2. With the keywords in mind, these sources of knowledge were used for information 

searching for this thesis: Books, journals and papers relevant for the keywords. Also, 

online databases such as: Discovery, IEEE and Google scholar have been used. 

Previous works consisting of student thesis both in master and PhD level have been 

used for comparing and validating information. 

3. Reports of research for this thesis were located and listed, after searching available 

books, journals and databases relevant for the topic. 

4. Articles and books were examined, and the information that was considered vital and 

central for the topic of the thesis was gathered. 

5. The gathered literature for this review was organized and structured by relevant 

concepts and was placed into the theory chapter in the thesis work. 

2.3 Case Study 

Case studies were performed in order to understand complex social phenomena. They allow an 

investigation to retain the holistic and meaningful characteristics of real-life events e.g. 

maturation of industries (Yin, 1988). Overall case studies are the best strategy when “how” or 

“why” questions are being posed, when the investigator has little control over events, and when 

the emphasis is on a contemporary phenomenon within some real-life context (Yin, 1988). 

There are different types of case studies such as descriptive, exploratory and explanatory. The 

boundaries between each strategy are not clear and sharp. All though each strategy has its 

distinctive characteristics, large areas of them overlap each other. The main goal for the 

investigator should be to choose the most appropriate and advantageous strategy for the 

purpose (Yin, 1988). 

 

For this thesis the authors chose an exploratory strategy. This is due to the limited number of 

studies with the aim of this thesis to refer to and because it will search for new decision support 

based on existing related work and new data. The characteristics of the stated research 

questions also make it exploratory as stated by Yin (1988). 
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Data Collection 

Data collection for the case studies performed mainly came from the sources as primary data 

described by Yin (1988). These were documents, interviews, direct observations and informal 

discussions. The primary data collected during the interviews were written down at the time it 

took place and processed during the following days. The interviews were performed with key 

production personnel at the different companies. Additional data was collected by observations 

in the production facilities. Secondary data was collected as stated in the literature review and 

gave the theoretical framework for the thesis and an understanding of the concepts of the 

production systems evaluated in this thesis.  

 

Some references used in this thesis could be viewed as outdated but has been used because the 

basics for the production systems are still the same. Many articles and literature use production 

and manufacturing interchangeable but in this thesis there has been a distinction between them 

according to Bellgran and Säfsten’s (2005) definition (see chapter 3.1). In addition, data were 

collected though the interviews to strengthen and analyze the theoretical framework and 

findings of the thesis work. How the each specific case study was performed will be described 

in the following sections. 

2.3.1 Semi-Structured Interviewing  

For this thesis work the authors used a semi-structured interview as a part of data collection in 

the case studies. The aim for the interviews were to provide information for the research 

questions stated as well as give validity to the findings in this thesis report. The interviews 

were kept both formal and informal to get personal reflections as well as facts. The formal part 

of the interviews was based on Bryman (2008). 

 

Formal interview is one of several different interviewing forms and mostly used for survey 

research. The aim for the formal interview is to give all persons interviewed exactly the same 

context of questioning, meaning that the respondents receive exactly the same interview 

stimulus as any other (Bryman, 2008). To obtain direct facts about a company’s production 

system a survey was created in the form of a product profiling, described in the next section. It 

is important to be able to ensure that respondent’s replies can be aggregated. The only way for 

this to work is, if the replies are in response to identical cues. 

 

The structure of the interviews for this thesis is found in appendix 2. These questions were all 

the same for every company and consists of: 

 

 Closed questions: used to limit the choice of possible answers and misinterpretations. 

This helped documenting the answers and processing the data collected from them. 

 

 Open questions: used to establish an open atmosphere where the respondent could 

present his/her view on important issues concerning the topic. 

The authors of this thesis aimed to use structured interviewing with closed questions, but as 

Bell (2006) states, most interviews are somewhere in-between totally structured and 

unstructured. 

 

To be able to utilize the information from the interviews, data was carefully documented and 

categorized. The company supervisor at GKN was present at all the visits to the interview case 

companies. He helped the thesis workers in establishing contact with the companies and 
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contributed with his valuable knowledge within production technique in order to emphasize 

interesting aspects concerning production during the interviews. 

 

Product profiling 

As mentioned earlier a product profiling survey was handed out in connection to the 

interviews. The survey was formed as a table seen in appendix 2, and is based on the product 

profiling model created by Bellgran and Säfsten (2005). A product profiling is used to study the 

current and planned production system and how well it matches up to market demand (Hill, 

2000). The product profiling was used to see how companies profiled themselves and how it 

was connected to the production system they applied. 

2.3.2 Selection of case studies 

Yin (1988, p.46) states that, “the evidence from multiple cases is often considered more 

compelling, and the overall study is therefore regarded as being more robust”. To strengthen 

the result for the thesis work a multiple case study was performed. But due to the limited time 

frame and the limited access to company documents, the authors decided to perform one case 

study further and evaluate it according to the findings. This was done as a first step to fill the 

absence of empirical data in this area (Choudhari, 2012). The evaluation was performed at the 

company GKN to see whether they used the right production system.  

 

The case studies were performed by a combination of interview studies and observations at the 

companies of interest for this thesis. The companies were chosen for the cases because they are 

about the same size in aspect of their facilities, and manufacture similar products in regard of 

material processing, within the automotive industry. There were a total of four companies 

selected for the case studies in this thesis were GKN (Case A) is one, The other companies are 

anonymous and will be referred to as Case B, Case C and Case D. It is also worth mentioning 

that the Case A is more extensive as more time had been given, combined with free access to 

study the production. The other cases also have some variation in time and focus due to the 

interviewees’ available time, position and knowledge. 

 

The case studies aided in the search for benefits and disadvantages, and pointed out the more 

crucial factors determining the choice of a production system. The meaning of the case studies 

was also to investigate if companies utilize the production system that theoretical framework 

suggests for their production specific conditions, and see how well it performs with the current 

state.  

 

Case Study A: GKN Driveline Köping AB 

As this was the providing company for this thesis, most data was easily collected and 

accessible. Throughout a 20-week period with an average of 2-3 visits at the company, 

document, such as maps, charts and numerical data from the company system AXXOS and 

from other databases, of the production system were extracted. Furthermore, during this period 

of time production personnel were informally questioned during observations of the production 

process. The observations were performed throughout the production system in the department 

of soft processing of pinions. During these observations flow of material, processing times and 

interactions between operators and machinery were observed.  

 

An interview was held with, the Head of Production Technique at GKN Driveline Köping AB, 

where questions presented in the appendix 2 were addressed. The following is the 

specifications for the interview: 
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Date: 2013.04.25  

Person interviewed: Head of Production Technique at GKN Driveline Köping AB. 

Time for visit: 1.5-hour semi structured interview. 

 

Case Study B 

Date: 2013.03.22 

Person interviewed: Executive Method Technician; Head of Processing. 

Time for visit: 2 hours (informal interview during guided tour).  

 

This company was chosen because they produce components to the same type of products that 

GKN produce, but for trucks and boats. It was also chosen as they have line layouts and aims to 

use one-piece flow. They have a close contact with GKN as they share some history. At Case B 

the Executive Method Technician gave a guided tour that took a total time of two hour. This 

time also includes observations of their production lines, questions and open discussion 

concerning the production and modifications to layout and flow currently happening in the 

facility.  

 

Due to different circumstances such as miscommunication and unclarity regarding purpose of 

the visit no formal interview could be performed at that time. The interview became more of an 

informal type and questions were proposed when and where they were considered most 

appropriate during the tour in the Case B’s facilities. The interviewers and the Executive 

Method Technician agreed on sending the remaining questions (see appendix 2) and the 

product profiling survey by email. This way he would have the chance to answer all questions 

and no important information would be left out. Head of Processing gave some complementing 

information that the Executive Method Technician could not answer. 

 

Case Study C 

Date: 2013.04.15 

Persons interviewed: Research and University Contact, Transmission Machining; Project 

Engineer, Transmission Machining. 

Time for visit: 2 hours (interview 1 hour). 

 

The university contact started the visit with a brief introduction of the pinion production 

process starting at the hardening plant. After the introduction the interview was performed in a 

conference room in the transmission building where the questions (see appendix 2) were 

addressed. Also, a guided tour was organized in the production facilities in order to perform 

observations and additional informal interviewing. 

 

This company was chosen because they also produce components to the same type of products 

that GKN produce. The company utilizes line layouts and one-piece flow, which is interesting 

as a reference to compare with.  
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Case Study D 

Date: 2013.04.11  

Person interviewed: Superior Technical Manager (part of Management), Manufacturing 

Engineering.  

Time for visit: 2 hours (40 min interview). 

 

The visit started with an introduction on company background followed by the actual 

interview. For this occasion a conference room at the company was chosen. To ensure that the 

interviewers had not misinterpreted the answers given, the interview questions and the product 

profiling survey were also emailed to the interviewee, which enabled additional and verifying 

information for the thesis. 

 

During the visit a guided tour with interviewee was arranged. The tour lasted about 1.5 hours 

during which the production facilities and products were presented.  

To be able to compare the case companies, there was a decision taken to primarily follow the 

production process of pinions at the company but also observe the assembling department to 

get an overall picture of the processes 

 

The contact person at the company was a former employee of GKN Köping AB. This particular 

visit was highly interesting for the thesis because the contact person had witnessed the progress 

at GKN and the reasons that led to the changes in production system and layout. He was now 

involved in performing similar changes at the company in Case D. Of course, even though 

many reasons for the planned and executed changes at the company are the same as at GKN in 

Köping, they are facing their own set of difficulties and challenges. 

 

The interview was followed by a guided tour in the production facilities during which 

observations concerning production system and layout could be performed including additional 

informal interviews. 

 

2.4 Credibility 

It’s important to ensure the credibility of the thesis work. To make this thesis credible, 

reliability and validity has to be ensured. The following sections describe how they were dealt 

with. 

2.4.1 Reliability 

In order to keep a high credibility throughout the thesis it was necessary to be able to verify the 

data collected and ensure that they come from reliable sources. To create reliability the authors 

have chosen to perform a multiple case study to extract consistent result from multiple sources 

by performing the same operation. The reliability was ensured through gathering of 

information from employees at companies with several years in production development and 

that has a good insight in the production systems and that were familiar to the terms used in this 

thesis. To make the study reliable it demands the operation to be well defined and that it 

doesn’t give room for alternate answers on different occasions (Ferrante, 2011). This was done 

by the use of a template for the visits that ensured that the same questions could be asked in 

different occasions. These questions were worked with in advance to ensure that right things 

were asked in the right way so that the right information was extracted. 
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2.4.2 Validity 

The interviews and observations that were performed in the case study also created validity to 

the research method as several sources of evidence was used (Yin, 1988). This was also 

ensured through the template of questions, as the same questions were asked to the 

interviewees and observations were made on production systems that produced the same kind 

of parts when possible, otherwise on similar. Question that had been answered unclear, not in 

line with answers from other cases or that was unsure of its implications was sent to the 

interviewees for clarification or confirmation. In this way the interviewers ensured that the 

questions were interpreted as what the interviewees actually meant and in accordance with 

other collected data that was comparable. Furthermore, by conducting the case study research 

on site and by carefully documenting the procedure of the case study, replication will be 

possible, which enhances the external validity as the process of this thesis can be repeated. The 

interviews were conducted in Swedish, but as the interviewers are fluent in both languages, this 

was not a hindrance. 

 

The articles used in this thesis are critically evaluated in both relevancy to the purpose of the 

thesis and their reliability. The papers that have been of significant use are published in 

scientific publications. Literature on the subject of production development that has been used 

was borrowed from the library at Mälardalen University, accessed through Google Books or 

lent by friends. 
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3 THEORETICAL FRAMEWORK 

This chapter of the report will present the theoretical framework. Subject relevant to the topic 

of the thesis will be described. The chapter include some of the findings of the outcome of the 

literature review. 

 

3.1 Development of a production system 

The work of this thesis was to create a decision support in the form of a process mind map for 

production systems. Rogaski (2011, p.142) defines a production system as: “A production 

system is an allocation, aligned with physical value-creation, of the resources equipment, 

personnel and material that are grouped together at various system levels for specific objects.” 

The position of a production system in a hierarchical view of the manufacturing system is seen 

in figure 2. 

 

 

 

 

 

 

 

 

 

  

 

In order to create the support for decisions, development of a production system needed to be 

included in the work. This was because the result will facilitate the development process. The 

development of a production system incorporates modification. The modifications may 

implicate improvements of existing systems as well as development of a whole new system 

(Bellgran & Säfsten, 2005). One important factor when discussing production is the productive 

efficiency (Poonia, 2010), which is how well (efficient) a company is able to buy inputs (raw 

material), and transform them to outputs (products). Companies with efficient production 

systems or access to low cost resources can make the standard product at costs that are lower 

than its competitors (Poonia, 2010). This should encourage all companies to evaluate their 

current production systems and determine which steps to take and which decisions are needed 

in order to being able to enhance the competitiveness. In the end the main goal for a company 

is to produce the correct number of products, in the shortest possible time, to the best quality 

and all at a competitive price (Poonia, 2010). 

 

When developing a production system Bellgran and Säfsten propose several steps that need to 

be considered in order to proceed in a systematic way in the process. The initial phase is to 

define the problem, identify the objectives and propose alternative solutions (problem solving). 

This is followed by evaluation of the proposed solutions and deciding on a system solution. 

The chosen solution is then further developed on detail level (decision-making). The result is a 

description of how the production system is meant to look like (system solution). 

 

The development of a production system incorporates implementing the proposed solution. 

This means, building and operating the whole production system (Bellgran & Säfsten, 2005).  

Evaluation and follow-up on the production system is essential for determining the effects of 

the modifications. Evaluation is the systematic process in which the production system is 

examines and judged according to specific criteria, or the result of the process (Bellgran & 

Manufacturing system 

Production system 

Parts production system 

Assembly system 

Figure 2 A hierarchical view on production system (Bellgran & Säfsten, 2005) 
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Säfsten, 2005). Evaluation is the method for determining the value or the result of the 

modifications. 

Follow-up is the activity that refers to investigating everything is running as it is supposed to 

(Bellgran & Säfsten, 2005). Two concepts associated with evaluation of production systems are 

verification and validation. 

 

Verification means at what level the chosen solution is satisfying the functional demands. It 

determines if the solutions design is right and if it is meeting the requirements. Verification is 

usually done to assure that the product as well as the production system meets the specification 

of requirements (Bellgran & Säfsten, 2005). This procedure is often performed when starting 

up the production system operations. 

 

To assure that the product or process fulfills the initial customer demands, validation is 

performed. It covers the development issue, meaning if the solution is correct and if the 

finished product or process meets up with identified requirement. Validation is performed 

when the production system is operating under stable conditions. The validation and 

verification points in a development process are shown in figure 3. 

 

 
Figure 3 Verification and validation (Bellgran & Säfsten, 2005) 

 

3.2 Manufacturing Strategy 

“Manufacturing strategy can be considered as the pattern underlying the sequence of decisions 

made by manufacturing over a long time period” (Milenburg, 2005). 

In many companies the manufacturing department has a hard time to deliver what the company 

needs in order to being successful. The reason for this is mainly the increasing customer 

demands and competitors´ capabilities, but also the fact that many companies have outdated 

production equipment and facilities (Milenburg, 2005). The only way for manufacturing to 

meet the high market expectations is by restructuring itself, making improvements and by 

increasing the manufacturing capabilities. This may sound easy but is in fact very complex and 

hard to handle for many production managers and their staff (Milenburg, 2005).  There are 

several factors to consider when discussing manufacturing strategy. The vast amount of people 

involved in the manufacturing, skilled and unskilled, line and staff, flexible and inflexible all 

working together at the facilities.  

 

There are formal and informal systems; old and new cultures coexisting trying to make the best 

of the situation. For being able to have an effective manufacturing strategy and to handle rapid 

changes companies need to break the functional barriers (Gunasekaran, 2001). But, even 

though most of the literatures agree on this, there is not much information about how to break 

down or at least reduce the inter-functional barriers (Gunasekaran, 2001). Furthermore, the 

production may vary from low volumes of customized products or medium volumes of high-

performance products with short life cycles to high volumes of high quality low cost goods 

(Milenburg, 2005). The production processes seem to vary along with the variation of the 

products they produce.  

Identified 
need 

Production 
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requirements 
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Companies need a manufacturing strategy in order to get structure (Gunasekaran, 2001) and to 

navigate in the jungle of production with all the new techniques and technologies that promise 

increased production capability. But one must have in mind that manufacturing changes slowly. 

Building new facilities, buying and installing new equipment, training the staff, changing 

operating procedures etc. are extensive and time-consuming activities. At the same time the 

market demands change very quickly with new products appearing, technology changing, 

economic conditions fluctuating, new competitors appearing etc. A strategic manufacturing 

plan evens the field, and keeps the slow production function aligned with the fast marketplace 

(Milenburg, 2005). The orientation of the manufacturing facility is crucial part of the strategy 

that has to be set to product or process. A process-oriented focuses on being able to produce a 

wider range of products; while a product-oriented focus on a few products with the aim to 

achieve low prices (Bellgran & Säfsten, 2005).  

 

Many authors within the field of manufacturing strategy describes what to do in order to 

develop a manufacturing strategy, but not how to do it (Gunasekaran, 2001). This issue may 

build up some difficulties for the managers seeking to improve a company’s production 

capability. When companies use formal manufacturing strategies, the decisions made follow a 

logical pattern showing the managers exactly how formulate decisions in order to enhance the 

company’s ability to achieve a long term competitive advantage of its competitors. 

Manufacturing strategy ensures that the right things are performed and that they are performed 

well. 

 

3.3 Decision categories 

There are a lot of different theories and explanations about production that is important to 

consider when deciding and developing a new production system in accordance with the 

company’s manufacturing strategy. Mentioned in the background section Skinner (1969) 

established a list of decision categories. However, many according to Bellgran and Säfsten 

discuss these categories, amongst others Wheelwright and Hayes, 1985; and Miltenburg, 1995. 

Meanwhile Bellgran and Säfsten on their own created a table of categories shown in table 1. 

 
Table 1 Decision categories and examples of issues of decision (Bellgran & Säfsten, 2005) 

Decision Category Issues Regarding… 

Production process Process type, Layout, Level of Automation 

Capacity Volumes, Time of acquisition 

Facility Localization, Focus 

Vertical integration Direction, Extent, Relation 

Quality Definition, Role, Responsibility, Control 

Organization & Workforce Structure, Responsibility, Competence  

Production planning and 

control  

Choice of system, Warehouse size 

 

The categories that were considered the most in this thesis work were; Production process, 

Capacity, Facility in regard of focus and Production planning and control. The following 

sections of this chapter elaborate them further. 
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3.3.1 Production processes and capacity 

Bellgran and Säfsten present production process and capacity as a decision category; this 

involves decision of process type, layout and automation level. For this thesis the focus has 

been on one-piece flow and batch flow as process types with some additional evaluation of 

stand-alone machines and line also referred to as “connected” and “disconnected” flows 

(Säfsten & Bellgran, 2005) as types of layouts. These layouts are however somewhat connected 

to the flow types. This is because they were of interest for the case study. Upstream activities 

face the challenge of leveling demand and integrating pull production to feed the downstream 

activities with what they need when they need it (Smalley, 2004). The definition of these flow 

types and layout in the perspective of this thesis will be described in this section of this chapter 

as there are some conflicting definitions and the boundaries between them are somewhat 

diffuse. The reason why these types of flow in production systems are used will be described in 

later sections of this chapter. Lists of the theoretical differences between the process types 

associated with benefits and disadvantages connected to the thesis are found table 2 and table 3. 

These lists are based on findings from literary work by amongst others Andersson (2003); 

Bellgran and Säfsten (2005); Brown et. al. (2001); Carreira (2005); Guerindon (1995); Liker 

and Meier (2012); Miltenburg (2005); Monden (2012) and Sinha (2008). Through this list it 

was found that batch flow is in relation to stand-alone machines layout and one-piece flow to 

line layout, even though it can be used in different combination as seen in the cases.  

 

Poorly developed processes can be improved by understanding the four major process 

decisions and how they tie together. The choices should be suitable for the situation and each 

other (Krajewski et.al., 2010). More effective processes can be achieved when the fit is more 

strategic. The four major process decisions regarding production processes are: 

 

1. Process structure. Line flows are possible, when volumes are high and a standard 

product is manufactured. Compared to Job shop where the process produces to specific 

customer orders, line flow is the opposite. 

 

2. Customer Involvement. Production processes do not usually consider customer 

involvement as a factor, apart from choices made on product variety and customization.  

Line or continuous flow processes try to avoid the unpredictable demands required by 

customized orders. 

 

3. Resource Flexibility. High volumes and low process divergence means that flexibility 

is not needed to utilize resources effectively, and specialization may lead to more 

efficient processes. 

 

4. Capital Intensity. High volumes justify the large fixed costs of an efficient operation. 
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Figure 4 A combination of Product-Process Matrix for Production Processes (Krajewski et. al., 2010); 

Classification of production systems (Miltenburg, 2000). 

 

For a production process to perform at its best, the position should not be too far from the 

diagonal, as seen in the Product-Process Matrix in figure 4. The optimal choice for a 

production process is highly dependent on production volume and degree of customization 

required of the process (Krajewski et. al., 2010). Furthermore, the different production systems 

require different layouts and they are limited in what competitive outputs they can provide 

(Miltenburg, 2000). By moving the production process in either horizontal or vertical direction 

in the Product-Process Matrix, changes can be accomplished. When moving in horizontal 

direction, the degree of customization and volume changes, while the process divergence 

changes when moving in vertical direction.  

 

When translating strategy into specific production processes, competitive priorities must be 

considered. As shown in figure 5, job and small batch processes are common choices when top 

quality, on-time delivery and flexibility (customization, variety, and volume flexibility) are 

highest priority. Meanwhile large batch, line and continuous-flow processes are associated with 

low-cost operations, consistent quality and delivery speed (Krajewski et. al., 2010). 
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Figure 5 Links between Competitive Priorities with Production Strategy (Krajewski et. al., 2010) 

 

In a product’s life cycle, different production systems are used in different stages. In the early 

days, products are produced in a job shop. Throughout the growth stage, demand rapidly 

increases and production switches to batch production. When the production system is stabile 

and volumes reach the degree where a line can be utilized, line flow is preferable (Miltenburg 

J., 2000).  

 

The batch flow system was considered as a temporary production system in the past, nearly a 

stop on the way from job shop to line flow. However, the shorter product life cycles and 

increasing demands for customized products make it difficult to shift production to a line flow. 

This have made batch flow to a permanent solution for a production system, often leading to 

customers dissatisfied with the levels at which the cost and quality competitive outputs are 

provided (Miltenburg J., 2000). 

 

According to Miltenburg, one way of improving these outputs is to incorporate line flow 

principles into batch flow production system, which would lead to one-piece flow. The 

characteristics for the new production system are: 

 

 Produces many products in medium volumes 

 

 Equipment arranged in cells in which material flow is regular and paced by a cycle 

time. 

 

 Gives high level of the flexibility outputs that batch flow is associated with, and the 

high levels of the cost and quality outputs that are associated with line flow systems. 

 

In One-piece flow production on U-shaped production lines: a tutorial, Miltenburg (2000) 

considers two major issues, based on earlier studies by Askin and Standridge, that determine 

the choice between job shop, batch flow and line flow production system: the number of 

products, and the volumes to be produced. Also, when choosing between these production 

systems, line flow is preferred to batch flow, which is preferred to job shop. The decision rule 

regarding production is, if n is the number of different products, and P is the number of units 

produced per hour: 

 

 If 1 ≤ n ≤ 5 and 1 ≤ P ≤ 1000 then use the line flow production system. 

 

 Else if 5 ≤ n ≤ 100 and 1 ≤ P ≤ 50 then use the batch flow production system. 
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 Else if 100 ≤ n ≤ several thousand and P ≤ 1 then use the job shop production system. 

 

Furthermore, one-piece flow can be applied whenever batch flow is considered appropriate 

(Miltenburg J., 2000). Sekine (1992) states that the choice between one-piece flow and line 

flow can be determined through drawing a Pareto diagram of the annual production volumes 

for each product in the system (Such a diagram can be seen in appendix 7 for GKN). The 

decision rule is based on the product volumes and is: 

 

 If 70% of the volume consists of 30% or less of the products, then use line flow. 

 

 Else if 60% of the volume consists of 40% or less of the products, then use one-piece 

flow. 

 

 Else more analysis is needed. 

3.3.1.1 One-Piece flow 

One-piece flow or single-piece flow refers to a production system 

where one piece is processed, transported and passed individually as 

seen in figure 6. It is in some sources referred to as continuous flow 

as they share characteristics. The focus is on the transactional process 

and the product. It is a production system where flows are 

synchronized with precise time frames and the stations are linked to 

one another with one piece that pulls the system. This means that 

when one piece leaves the production system another enters, as they 

are pulled downstream into the production system (Takeda, 2006). 

One-piece flow often use connected processes (check line layout), 

as each individual part require more handling. Due to this one-

piece flow production systems are often built as compact “minifactories” with a line layout to 

minimize the transportation (Guerindon, 1995). One-piece flow leads to short lead-times also 

illustrated by the example in the figure One-piece flow, as there are no queues and pieces are 

transported directly to the next process when finished according to a Just-in-Time principle, 

without any delay. It also has a fast throughput of the first piece, as it is not delayed by other 

pieces in the batch as it consists of one. One-piece flow uses the First-In-First-Out (FIFO) 

principle to order the parts in the system. 

 

Criteria 

Liker, Meier (2012) and Monden (2012) state that there are four criteria that is necessary for 

achieving the smooth flow of one-piece flow. The first criterion is a consistent capability in the 

production process. This means that equipment must have a very high uptime, close to 100 

percent. The equipment must also be available to run at all times. This means that equipment in 

a production cell that is plagued with downtime is not suitable for one-piece flow. Downtime 

amongst others breaks the product chain, as pieces cannot be pulled. The second criterion is 

consistent applications and availability of resources. This means that processes have to be able 

to be scaled to produce according to the tact-time, or according to the rate of customer demand. 

Which means, if demand is one item every 10 minutes the processes need to be able to deliver 

one item every 10 minutes. The third criterion is reliable processes and equipment in regard of 

quality. If the processes do not produce goods that meet the quality requirements, then one-

piece flow is not appropriate. The fourth criterion is balanced (equal) process times. This mean 

that an operation’s process time need to be repeatable and not vary too much or one-piece flow 

will not work. 

Figure 6 One-piece flow 
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The one-piece trap 

Companies must be aware that if the production system does not fulfill the criterion of one-

piece flow it might not be successful. Liker and Meier (2012) give an example were five 

machines each with 90 percent uptime is put into a cell. Without any buffers the cell would 

stand still every time a machine broke-down, resulting in 0.9
5
, ergo 59 percent uptime. Placing 

buffers strategically would however keep the cell running and achieve the 90 percent uptime. 

 

Benefits and disadvantages  

There are many benefits with One-piece flow stated by several sources. These include, easy 

management as production is timely and the scheduling is less complex in comparison with 

other production flows. Problems that occur in the production are easily spotted especially 

when flow stops. This means that they will be immediately spotted and can be dealt with. 

Managers can focus more on cost and quality, as they don’t have to create flows. One-piece 

flow is more responsive to costumer demand as both throughput time and lead-time is 

minimized (Brown et. al. 2001; Guerindon, 1995 and Miltenburg, 2005). 

 

One-piece flow is promoted by most of the sources putting great emphasize on the benefits of 

it, which means that the disadvantages are not highlighted as much. One disadvantage however 

is that operations may function at different speeds, which leads to difficulties in balancing 

outputs and inputs between machines. Another drawback with one-piece flow is that setup 

times can become a large factor if product sequence varies too much. Also, in order to make 

the system effective, parts and material have to arrive in time. Absence may become difficult, 

as the workforce needs diverse skills. Another critical factor is the Preventative maintenance to 

avoid production disturbances. Machine failures causes flow stop throughout the system 

(Brown et. al., 2001). 

 

Table 2 presents all the theoretical benefits and advantages with one-piece flow found during 

the work of this thesis. 
 

Table 2 Theoretical benefits and advantages with one-piece flow 

One Piece Flow 

Benefits  References 

Builds in quality, as it detects defects immediately, 

usually at the next workstation, forcing immediate 

corrective action.  

(Dirgo, 2006, Graham-White, 2007, Liker & Meier, 

2012, Middleton & Sutton, 2005, Sayer & Williams, 

2012, Sinha, 2008) 

Can eliminate the need for certain jobs (Guerindon, 1995) 

Can use less employees (operators, supervisors and 

management) and still be productive 

(Guerindon, 1995) 

Changeovers is shortened (Sinha, 2008) 

Costs are easy to track (Guerindon, 1995) 

Cycle time is very quick and predictable, Errors picked 

up early and adjustments made. 

(Dirgo, 2006, Sinha, 2008) 

Easy management due to less interaction and 

reordering 

(Guerindon, 1995) 

Fewer non value adding activities (buffers, transports) (Burton & Boeder, 2003, Dirgo, 2006, Liker & Meier, 

2012) 
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High equipment utilization (Liker & Meier, 2012) 

High visibility of staff that is too busy or idle. (Liker & Meier, 2012) 

Improves flexibility as orders can be scheduled later 

and still be delivered on time. 

(Burton & Boeder, 2003) 

Improves morale. Employees want to do good work 

and see progress. They want to be involved and solve 

problems in a fun and dynamic workplace.  

(Guerindon, 1995, Liker & Meier, 2012) 

Improves safety (One-piece flow limits heavy lifts, 

pallets or containers of material) 

(Sayer & Williams, 2012, Takeda, 2006) 

Improves the use of space as one-piece flow equipment 

can be designed more compact 

(Burton & Boeder, 2003, Chiarini, 2013, Graham-

White, 2007, Sinha, 2008) 

Kaizen takes root (Carreira, 2005) 

Leadership time and effort: Team takes ownership of 

work and sticks to agreed rules of working. Any issues 

affecting system performance are immediately 

obvious. 

(Liker & Meier, 2012, Sayer & Williams, 2012) 

Management can focus more on quality and cost (Guerindon, 1995) 

One-piece flow creates a connected flow because one 

product is moved from step to step with essentially no 

waiting (WIP). 

(Guerindon, 1995) 

Operators are responsible for quality (Guerindon, 1995) 

Pallet loading is the only manual job and is very 

automated 

(Guerindon, 1995, Saxena, 2009) 

Problems are evident when flow stop (Guerindon, 1995) 

Production is more timely Liker & Meier, 2012 

Reduces inventory. Many of the wastes with batch and 

queue is reduced (motion, transportation and waiting), 

with increased productivity as a result. 

(Burton & Boedre, 2003, Carreira, 2005, Chiarini, 

2013 Kazmer, 2009, Middleton & Surron, 2005, Sinha, 

2008) 

Requires specialist manpower (Burton & Boeder, 2003, Kazmer, 2009, Miltenburg, 

2005, Takeda, 2006) 

Shorter lead-time and throughput time (Brown, 2000, Chiarini, 2013, Graham-White, 2007, 

Guerindon, 1995, Miltenburg, 2005, Sinha, 2008, 

Takeda, 2006) 

Disadvantages  References 

Absence may become difficult, as the workforce needs 

diverse skills. 

(Brown et. al., 2000, Miltenburg, 2005)  

Buffers are required between machines to compensate 

for downtime 

(Liker & Meier, 2012)  

Cannot rework goods Black & hunter, 2003 

Due to higher investment, it requires high level 

utilization to reach the break-even point 

(Kazmer, 2009) 

Equipment must have very high uptime (Liker & Meier, 2012;  Monden, 2012)  

Flow methods are inflexible, and they can't deal with 

variations in the product 

(Saxena, 2009, Sayer & Williams, 2012) 

Machine reliability must increase (Kazmer, 2009) 

Material most be delivered on time (Brown et. al., 2001, Kazmer, 2009) 
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Materials most be of the same specification and quality (Anderson, 2004, Saxena, 2009) 

One-piece flow is hard because one can't hide behind 

the buffers of inventory. 

(Kazmer, 2009) 

Processes must be able to be scaled to tact time, or the 

rate to customer demand. Otherwise it can lead to 

working toward stock and possible storage 

(Liker & Meier, 2012;  Monden, 2012)  

Process times must be repeatable. To much variation 

makes one-piece flow impossible. 

(Liker & Meier, 2012;  Monden, 2012)  

Product and/or production tasks most be standardized (Liker & Meier, 2012) 

Requires equal operation times in order to be smooth (Liker & Meier, 2012) 

Requires specialist machinery (Kazmer, 2009, Miltenburg, 2005, Saxena, 2009) 

Setup causes the productivity to stop completely which 

could cause the workers to sit idle; basically the work 

stops. 

(Brown et. al., 2000)  

 

3.3.1.2 Batch Flow 

Batch flow is the most common choice of flow in practice and 

is often referred to as traditional production. In this production 

system parts are handled in groups of large or small 

quantities, where they are processed, transported and passed 

together as seen in figure 7. This means that each part in the 

batch is processed before it is finished and sent to the next 

station allowing the next batch to start (Brown, 2000). This 

kind of production system is used when there are average to 

moderate volumes combined with a divergence in its product 

mix. Batch flow is preferred where volume of each product 

type is to small to dedicate a separate cell or when producing 

new products, as it would not be profitable (Bellgran & 

Säfsten, 2005, Brown, 2000 and Miltenburg, 2005).  

 

This flow is often referred to as intermittent production 

meaning that WIP (Work-In-Progress) consisting of different 

product types can be stored between the processes. The system is flexible in the manner that 

there is no specific standard sequence of the processes, as seen in the figure 7. This of course 

only applies when there is no requirement or hindrance that constraint the process flow 

(Bellgran & Säfsten, 2005 and Brown, 2000). More dominant flow and line segments do 

however occur in some systems when applying this type of flow. The sequence of orders for 

product/parts is not strictly preset, but the goal is however to schedule as much as possible. As 

it is an intermittent system it can change the order of the batches, breaking the FIFO principle 

(Bellgran & Säfsten, 2005). The size of the batch is essential for keeping the flow in the system 

smooth. A smooth flow is preferable to a ragged flow, which is the result of large batches. 

Large batches makes the system less flexible and put more strain on each element in the system 

at once which later become idle. This also lowers the overall output of a system (Andresson, 

2003).  

 

When the level of output from a batch flow production system in not satisfying a company has 

two options according to Miltenburg (2005). Either it is to improve the capability of the batch 

 

Figure 7 Batch flow 
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flow to meet the demands or to change the production system to a line with one-piece flow or 

use the Just-in-Time principle.  

 

Benefits and disadvantages 

Batch flow gives minimized changeover times as many products of the same type are produced 

at once without the need of resetting the machine, which also leads to a high uptime (Carreira, 

2005). The staff is flexible and can change work place in the production system and sometimes 

a rotary schedule is implemented. This means that the production system is relying less on its 

staff, as they are interchangeable and therefore absence becomes a less significant problem 

compared to other production flows (Miltenburg, 2005). 

 

Batch flow leads to irregular purchasing of small quantities of material, which makes it an 

unimportant customer to it suppliers and therefore the company have to work harder to acquire 

material with the right quality and cost delivered at the right time (Miltenburg, 2005). This type 

of production flow also suffers from quality problems as several parts go through a machine 

before being checked for defects, sometimes leaving an entire batch with the same defect 

(Pascal, 2007). To large batch sizes gives long throughput times and makes production 

irregular, while to small batches may cause setup times to outweigh the operations process 

times (Andersson, 2003). Table 3 presents all the theoretical benefits and advantages with 

batch flow found during the work of this thesis. 

 
Table 3 Theoretical benefits and advantages with batch flow. 

Batch Flow 

Benefits  References 

Batch machinery can be less expensive than other 

production machines 

(Kazmer, 2009, Miltenburg, 2005, Saxena, 2009) 

Capacity can easily be added in form of new 

machinery 

(Miltenburg, 2005, Saxena 2009) 

It is particularly suitable for a wide range of nearly 

similar goods that can be used for the same machinery 

on different settings 

(Brown et. al., 2000, p.213) 

Interchangeable order of production processes, allows 

different flow in production 

(Bellgran & Säfsten, 2005, Brown et. al., 2000) 

Labor requirements are potentially reduced when 

working on a single piece of machinery in a stand-

alone layout 

(Kazmer, 2009) 

Making in batches reduces unit costs as they are 

handled several at a time 

(Kazmer, 2009, Saxena, 2009) 

Manpower has a high skill level (Miltenburg, 2005) 

Many systems intermittently, so the cost of downtime 

is often reduced. 

(Bellgran & Säfsten, 2005 and Brown, 2000) 

One time orders don't cause huge losses, as investment 

has not been made in special equipment 

(Miltenburg, 2005, Saxena, 2009) 

Production can be scaled to demand (Brown et. al., 2000, p.213) 

Production of unsuccessful items can stop without the 

need to replace all of the associated machinery and 

processes. 

(Saxena, 2009) 

Quality control personnel (Guerindon, 1995, Saxena, 2009) 
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Rather than needing to replace an entire production 

line, a single process among many can be altered based 

on production needs. 

(Bellgran & Säfsten, 2005, Brown, 2000, Miltenburg, 

2005, Saxena, 2009) 

Reduction of time required to produce a single type of 

product, as multiple products are pushed through the 

same process thereby reducing the number of setups 

and increasing the utilization 

(Abele, 2008, Carreira, 2005, Kazmer, 2009) 

Use of specialist machinery & skills can increase 

output and productivity  

(Miltenburg, 2005 Saxena, 2009) 

Disadvantages  References 

Complex scheduling systems (Abele, 2008, Guerindon, 1995, Saxena, 2009) 

Hard to track costs as they are shared and most be 

assigned  

(Guerindon, 1995) 

Hides quality problems, which can lead to batches with 

the same fault 

(Pascal, 2007, Sinha, 2008) 

High probability of poor work flow particularly if the 

batch sizes are not optimal or if there is a big 

difference in productivity by each operation in the 

process 

(Abele, 2008, Fischer, 2003) 

Investment in work-in-progress as batch flow often 

result in the buildup of significant intermittent stocks 

(Andersson, 2003, Saxena, 2009, Sinha, 2008) 

Potentially de-motivating for staff  (Abele, 2008, Fischer, 2003) 

Production is somewhat resulting in production 

towards stock rather than order 

(Abele, 2008, Saxena, 2009) 

Requires more workers (Abele, 2008, Miltenburg, 2005, Saxena, 2009) 

Often very physical (Guerindon, 1995, Sinha, 2008) 

Long lead-time (Abele, 2008, Andersson, 2003, Sinha, 2008) 

3.3.1.3 Stand-Alone Machines Layout 

Stand-alone machines are often used in traditional factories. These machines are unconnected 

meaning that there is no fixed transportation between the machines and parts are transferred 

manually by e.g. hand, lift trucks or cranes (Guerindon, 1995). They can however be feed by an 

automated charger that feeds the machine according to one-piece or batch flow.  

 

This layout allows intermittent processes of products as parts easily can be moved to change 

the production sequence. The layout can be arranged in two different ways. Either it can be a 

functional layout or it can be a flow group (cell) (Bellgran & Säfsten, 2005). But principle is 

the same; each machine in these factories executes a single operation. This can be milling, 

turning, drilling or spline rolling.  

The tools in the machines are not resident, meaning that blades and fixtures in the machine can 

be changed depending on product type; therefore a tool list is generated for each operation 

(Guerindon, 1995). In a functional layout machines of the same type are gathered in the same 

location whereas in the flow group layout the flow decides the machines placement (Bellgran 

& Säfsten 2005). The two different layout types of stand-alone machines are shown figure 8. 
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3.3.1.4 Line-based Layout 

In a line-based layout, the machines are connected and placed in the order that the items are 

processed. The stations are fixed in a specific sequence that the items are put through. The 

machines are connected in this type of layout, meaning that items have a specific path. The 

transportation can be either through guiding or floating, meaning that they are transported 

mechanically between stations, giving no room for buffers or by other means such as 

conveyors or manually that can keep buffers between stations. The order of the items processed 

is strictly held to First-in-First-Out (FIFO) (Bellgran & Säfsten, 2005). 

3.3.2 Facility focus 

A production facility can be either product- or process-oriented. A product-oriented facility 

focuses on product flow and how to optimize the flow and transports to a low cost. A process-

oriented facility focuses on achieving high quality processes and capability to process a larger 

divergence of products. The difference gives the facilities different types of flexibility. 

3.3.2.1 Production flexibility 

In the paper An agenda for research on the flexibility of production processes Gerwin (1987) 

addresses production flexibility. According to Gerwin (1987) flexibility is defined as ”the 

ability to respond effectively to changing circumstances”(p.39). He also denotes that” one 

production process is more flexible than another, if it can handle a wider range of 

possibilities”(p.41).  

 

The uncertainty in the production environment leads to a need for flexibility (Tolio, 2009). An 

organization with flexible capacity and an adaptive production process can produce a product 

and satisfy the customer needs quickly (Poonia, 2010). Different types of uncertainty require 

different types of flexibility. In table 4 is a list of the domain of production flexibility based on 

findings in Gerwins (1987) paper are discussed in Production process flexibility revisited by 

Schmenner and Tatikonda (2005). 

 
Table 4 Domain of production flexibility 

Nature of uncertainty Flexibility type Ability of a process to… 

Demand for the kinds of 

products offered 

Mix “Produce a number of 

different products at the same 

point in time” 

Length of product life cycles Changeover “Deal with additions to and 

subtractions from the mix 

over time” 

Appropriate product 

characteristics 

Modification “Make functional changes in 

the product” 

Machine downtime Rerouting “Change the operating 
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Figure 8 Function layout (left) & Flow group layout (Right) 
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sequence through which the 

part flows” 

Amount of aggregate product 

demand 

Volume “Easily make changes in the 

aggregate amount of 

production” 

Meeting raw material 

standards 

Material “Handle uncontrollable 

variations in composition and 

dimension of parts” 

Timing of arrival of inputs Sequencing “Reorganize the order in 

which different kinds of parts 

are processed” 

 

Schmenner and Tatikonda (2005) emphasize the fact that all though time has passed since 

Gerwins (1987) paper first was published, much of the findings still are very much true. The 

workforce and equipment characteristics that support each type of flexibility are much the same 

today as when Gerwin (1987) outlined them. Workforce multi-skilling and equipment 

capabilities have advanced over the years, but only regarding degree not kind. There are five 

levels at which flexibility can be considered according to Gerwin (1987): individual machines, 

the production function (e.g. assembly), the process for a product or product line, the factory, 

and the company’s factory system. Machines have become more capable and computer-based 

controls have improved machine and process flexibility, but the nature of the flexibility has not 

changed over the years. 

 

Furthermore, one should have in mind that having invested in the latest technology within 

production and trying to copy some successful companies system doesn’t necessary lead to 

more efficient production and flexible competitive production system, if the company doesn´t 

have the proper knowledge to use it in their own environment of production (Gunasekaran, 

2001). 

 

The one thing that has changed since Gerwins (1987) early findings is the fact that nowadays 

we have to consider the flexibility of the whole supply chain (Schmenner & Tatikonda, 2005). 

Several of the uncertainties that were stated earlier can be dealt with supply chain flexibility. 

An effective supply chain reduces the uncertainty of material standards (e.g. conformance 

quality and functionality), as a result the need for material flexibility, but also reducing the 

uncertainty of delivery times, and as a result the need for sequencing flexibility. Furthermore, 

supply chain flexibility can support changeover flexibility.  

 

Two other important factors affecting flexibility according to Schmenner and Tatikonda (2005) 

are time-based competition and lean production. The fact that throughput times are reduced 

makes forecasting easier which decreases the need for both mix flexibility and volume 

flexibility. The increased preventive maintenance has reduced the need for rerouting ability.  

The flexibility in the factories nowadays is very high, but many of the uncertainties requiring 

flexibility have been reduced by new ways of thinking about production and how production 

firms compete. This new thinking has enhanced firm’s capacity to achieve sought-after forms 

of flexibility, which include wide product variety (modification flexibility), location of 

production (volume flexibility), and fast introduction of new products (changeover flexibility) 

(Schmenner & Tatikonda, 2005).  

 

Production system development is very complex and risky due to the difficulties in precise 

evaluations of the alternative productions system and the uncertain information incorporated 
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with it. This leads to difficulties in decision-making regarding production changes and capacity 

(Tolio, 2009). While dedicated production systems are not suitable for continuous product 

changes, even if their competitive from the point of view of costs, the flexible production 

systems often have excessive flexibility that time and again remain unused. This leads to higher 

costs for the company  (Tolio, 2009). Following this reasoning, flexibility is not always the best 

solution for a system and may even threaten the profitability of a company. 

 

Schmenner and Tatikonda (2005) also address the two different ways for factories to deal with 

uncertainty according to Gerwin (1987), the “proactive” factory that tries to control it through 

advanced planning, versus the “flexible” or “reactive” (Bellgran & Säfsten, 2005 and Tolio, 

2009) factory that quickly adapts to uncertainty. They question the possibility that these two 

ways would be in conflict. If the factory is “proactive” then in many parts it will also be 

“flexible”.  For example, a proactive factory that advance in removing waste, incorporating 

new technologies and moving information to the place where it can be used best, have 

succeeded in lessen the time and cost of being flexible, which improves the degree of flexibility 

in the process. But pro-activity is not merely something that can give a company some 

competitive edge; it is the only way to survive (Gunasekaran, 2001). Furthermore, there is very 

little information about how to organize and manage the proactive function in order to achieve 

it.  Companies can gain competitive advantage by developing production systems that are 

customized to the flexibility needed in the present production, but also adjustable to future 

product evolutions (Tolio, 2009). The most important fact is that companies need to consider 

the production characteristics throughout the production system development phase. 

 

The level of flexibility should correspond to the production problem, meaning if companies 

miss out on production requirements when developing production systems, the level of 

production flexibility may not be suitable for them, leading to unnecessary costs and capacity 

shortcomings. Furthermore if striving for flexible facilities, there can’t be only one best way for 

organizing production, laying out the operations etc. because there has to be capability to 

configuration and reorganization in order to meet rapid environmental changes (Gunasekaran, 

2001). On the physical level this could mean rearrangement of equipment, for example by 

putting machines on wheels or imposing technology by reprogramming machinery. 

 

Resource flexibility 

High task divergence and flexible process flows calls for higher flexibility of the process’s 

resources that is its employees, facilities and equipment. The employees need to be able to 

perform a wide range of different tasks while the equipment must be general purpose. If this is 

not the case, resource utilization will be too low for economical operations (Krajewski et. al., 

2010).  

 

The figure 9 represents the relationship between process costs and product volume. 

Usually, low production volumes (high customization) call for inexpensive flexible, general-

purpose equipment. The investment in equipment is low and fixed costs (F1) small. Meanwhile 

the variable costs are high, which leads to the fact that the total cost line gets a relatively steep 

slope. Considering this, one can conclude that Process 1 shown in the figure works but it 

doesn’t deliver at peak efficiency. Still, the benefits from low fixed costs are not overcome by 

the total variable costs because volumes are not high enough (Krajewski et. al., 2010).  
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When volumes are high and customization low, Process 2 in the figure should be the choice for 

a manufacturing company. The advantages are set by the low variable unit cost, which can be 

seen in the flatter total cost line. The equipment used is developed for a fine range of products 

or tasks with low customization, which enables efficiency. On the other hand, the fixed costs 

(F2) are high as a consequence of high investments in equipment. But, when the annual 

produced volumes are high enough; the high fixed costs can be spread over more produced 

units. This leads to the fact that low variable costs pay off for the high fixed costs (Krajewski 

et. al., 2010).  

 

When considering these two alternatives, the break-even point is of interest. This means, the 

quantity at which the total costs for the alternatives are equal. If quantities go over this point, 

the cost of process 1 exceeds that of process 2 (Krajewski et. al., 2010). Considering this, if a 

company doesn’t expect to sell more than the break-even amount, which is not likely when 

customization is high and volumes are low, the capital investment of process 2 is not 

reasonable. 

 

3.3.3 Production planning and control 

Production planning and control has to be considered in the evaluation and choice of 

production system therefore some of its theory has to be acknowledged. 

3.3.3.1 Lean production 

Lean production, also referred to as the Toyota Production System (Pascal, 2007 and Jackson 

et. al., 1996), deals with the idea of performing more with less. That is, less time, less space, 

less human effort, less machinery, less materials, less waste-but at the same time giving the 

customers what they require (Black, 2008; Jackson et. al.; 1996 and Pascal, 2007). 

Furthermore, implementing Lean Production in production processes results in fewer defects 

and a greater range of variety in products (Jackson et. al., 1996 and Womack et. al., 2007). 

Lean Production combines the advantages of craft production (high skilled workers producing 

Figure 9 Represent the relationship between process cost and product volume (Krajewski et. al., 2010) 



 28 

exactly what the customer wants-one item at time) with mass production (high volumes-lower 

price per piece). But the difference is that Lean Production does it without the high costs 

related to craft production and the rigidity related to mass production (Jackson et. al., 1996 and 

Womack et. al., 2007). 

 

If companies succeed in implementing these cornerstones of Lean Production in their 

processes, they can gain efficiency and a significant competitive edge on the global market. 

One could say that this is the only way of gaining advantage on the market, because all the time 

and effort companies invest in research and development, cutting edge technology and patents, 

don’t last in the long run. Why? Because the competitors also invest resources in performing 

the same tasks, patents expire and innovations can be reverse engineered making technology to 

a brief edge that quickly dulls (Black, 2008). 

 

An essential idea within Lean Production is that companies should avoid overproduction, 

meaning they should only produce what is needed (Black, 2008).  The aim for any company 

should be to reduce the input and produce the same output to improve efficiency and 

productivity. Furthermore, companies should avoid delivering too quickly. Overproduction 

combined with too early delivery requires warehouses to store these excess products, which 

brings unwanted costs for the companies (Black, 2008).  There is a way for avoiding this costly 

behavior and to perform more efficient production processes. The philosophy is called Just-In-

Time and forces companies to produce exactly what is needed, in the amount needed, when it is 

needed (Black, 2008). 

3.3.3.2 Just-in-time 

The just-in-time (JIT) principle is “continuous and relentless attack on all forms of 

stockholding” (Hutchins, 1988). The goal of JIT is to evaluate and eliminate all buffer stock 

throughout the whole organization, whether it is incoming material, tools, parts, stationery, 

fuel, lubricants etc. (Hutchins, 1988). This is done through a pull-principle, and produces only 

when there is a need (Bellgran and Säfsten, 2005). This thesis has evaluated the buffer stocks at 

the soft processing of pinion department; this involves incoming goods warehouse, work-in-

progress (WIP) and finished goods to be hardened, as illustrated in figure 10. 

 
Figure 10 Stock is under considerations in this thesis 

 

High or excessive stock levels are very likely and rarely questioned in an organization. This is 

because of the significant difference in both consequences and reactions from coworkers that 

leads to a “safe” strategy (Hutchins, 1988). Holding stock also leads to hidden problems.  

 

Toyota resembles the production flow to a river, “When the river is low you see the rocks and 

correct the situation. But if the water is high, the rocks are never in sight, so you live with your 

problems, rather than fixing them.” (Guerindon, 1995). The thesis has its focus mainly on the 
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WIP as it is a key industrial measure and JIT strives to get WIP to zero. There are many 

reasons to WIP according to Hutchins (1988): 

 

 

 Machine breakdowns 

 Absenteeism 

 Machine setting 

 Machine capability 

 Operator capability 

 Scheduling 

 Process planning 

 Product mix 

 Material variations 

 Changing product priorities 

 Product modifications 

 Shift patterns 

 Cross-functional organization 

 Specialist support 

 

In the work of this thesis the WIP reasons has been observed, discussed and evaluated in case 

study A. The JIT philosophy has been considered throughout the work of this thesis as an effort 

to keep the production system free of excess WIP. 
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4 EMPIRICAL FINDINGS 

This chapter present data and information that was gathered through the work process based 

on the methods of this thesis. The empirical findings are presented in regard of what was told 

and what was observed for each and every case in the case studies. 

 

4.1 Product profiling 

The following is the product profiling that was included in the interviews to easily compare the 

companies. It has been summarized to create a better overview of their answers for the same 

question. 

4.1.1 Company and products 

The companies included in the study are in the automobile industry. They have a high demand 

on divergence in their products, because their customers are situated around the globe with 

different requirements on their vehicles. Table 5 gives an overview of the companies and the 

area of their products. Arrows in both table 5 and table 6 represents if the company is heading 

in a direction in their production system.  

 

Note that the Transmission facility at Case C employs 500 and the site as a whole 9300 

employee.  
Table 5 Company and product specification 

 

  

Company Case A Case B Case C Case D 

Employees 750 1 100 9 300 (500) 800 

Shift 3 3 3 3 

Products (Evaluated 

component) 

Personal cars 

(Pinion) 

Trucks, buses and 

heavy equipment 

(Shaft) 

Trucks and Buses 

(Pinion) 

Trucks (Pinion) 

Production 

volumes/Year 

(Pinions) 

945 000 132 000 

 

200 000 

 

100 000 – 

120 000 

Product variation 

(pinions/shafts) 

 Many (10) Many (13) Many (50) Many (102) 

Product size Small – 

Medium 

Large Large Large 
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4.1.2 Manufacturing strategy 

The companies’ manufacturing strategy and current production system was evaluated in the 

product profiling, to see if it there was a pattern in the choice of production system. The 

specifications for the companies in these areas are presented in table 6.  

 
Table 6 Manufacturing strategy and current production system specification 

Company Case A Case B Case C Case D 

Facility focus Process Process Product  Process 

Volume High High Medium  High 

Product 

introduction 

Often  Rare Average  Rare 

Capacity strategy Lag Lag Lag  Lag 

Planning Order Order Order  Order 

Quality insurance Proactive-Reactive Proactive-Reactive  Proactive  Reactive 

Work Force Horizontal Vertical-Horizontal  Horizontal  Vertical 

Work Force 

Competence 

Flexible  Specialized  Flexible  Flexible 

Production System Batch flow, 

Stand-alone 

machines 

One-piece flow, 

Line (Guiding) 

One-Piece flow, 

Line (Floating) 

One-piece flow, 

Stand-alone 

machines 

Layout Flow Group 

(Functional) 

Functional  

(Flow group) 

Flow group Functional 

Personnel 

competence 

 Specific  Specific  Flexible Flexible 

Production Process Complex Complex  Complex Complex 

Automation level Automation Automation  Automation  Automation 

System charger Automatically 

charged 

Automatically 

charged 

Manual Manual 

Buffers  Just-in Time  Just-in Time  Limited  Just-in Time 
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4.2 Findings at Case Companies 

The following sections will describe the finding at the different case companies and explain 

what came forth during the interviews and observations. 

4.2.1 Findings at Case Study A: GKN Driveline Köping AB 

Company description 

GKN Driveline Köping AB is a leading manufacturer of AWD (All Wheel Drive) systems with 

head office in Köping. They have approximately 700 employees at the site and the turnover 

was about 2 billion krones in 2010. The company has a long history within manufacturing. It 

was founded 1856 as “Köpings mekaniska verkstad”, and was all through the beginning 

specialized in producing advanced cogs for gearboxes. In 2004 the company got a new owner, 

Getrag All Wheel Drive, a Joint Venture between Getrag, Dana and Volvo Cars Corporation. 

After this reorganization the company went from a concern supplier for Volvo Cars 

Corporation to a more global supplier of All Wheel Drive Systems for the car industry with 

customers such as Ford, Land Rover and BMW.  

 

In connection to this new reorganization, the gearbox production was moved to Germany and 

the company started their process of change within production. The former system with lines 

was replaced with stand-alone machines with automatically charging. The reason for this was 

to achieve more flexibility, easier governing of the production system, higher utilization and 

internal delivery dependability (Janbrink, 2010). In 2011 the 

company was sold to the current owner GKN. 

 

GKN Driveline produces automobile components for private cars. 

They are specialized in producing AWD systems. The component 

of interest in this company is the pinion, which is the component 

produced on the line studied for the Case study at GKN Driveline 

Köping AB. The pinion is a part of the differential shown in figure 

11, which is the power transfer unit. 

4.2.1.1 Interview 

This section describes what came forth during interviews at Case A, with the Head of 

Production Technique, the company supervisor and various staff in production and connected 

to it. 

 

Today’s production system 

The production system currently used at GKN Driveline Köping AB was batch production. The 

term the company preferred to use was “basket model”. The components were processed and 

collected in trays (baskets) and moved to a buffer, consisting of rails on the floor (see appendix 

3), organized according to CONWIP (Constant-Work-In-Progress) and operated according to 

FIFO before transported to the next operation. Machines were situated according to the stand-

alone layout and placed in a functional straight flow with operations following in the order they 

came in the process. The production was pull driven, where the assembling department, 

regarding to a production planning, controlled what had to be produced in order to being able 

to deliver right products in right amounts to customer. Operators at the first operations in the 

production could easily access information about demand via internal data system (LIPS) thus 

govern the production. In addition the performance of a single machine in the process could be 

governed through the AXXOS system. Every person involved in the production could get 

information about the efficiency, production disturbances, scrap rate etc. The production 

Figure 11 Differential 
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system along with the layout gave a high degree of flexibility and utilization according to the 

interviewee.  

 

It was further explained that every operation in the process got a high capacity, compared to 

lines where every operation is only working as fast as the previous operation, leading to loss of 

capacity. Moreover, the flexibility enabled by the production system and layout could be used 

when components needed extra operations such as the drilling thread operation or during time 

consuming activities as the hardening process or the gear-cutting. The production system and 

layout made it possible to add extra capacity. This was the case as at the turning process that 

was a bottleneck in the production system as buffers were created ahead of it. The machines 

capacity can be seen in appendix 4. Further positive aspects were the fact that there was a 

possibility to change the route of operations within the process and return to a previous step if 

needed. This would of course be impossible with one-piece flow and line layout where the 

operations are predetermined and “locked”. Their ability to add operations and utilize machines 

one at a time allowed them to take on low production volumes for exclusive cars. 

 

Previous production system 

GKN Driveline had a different production system during the late 90´s that was more suitable 

under the circumstances at that time. The site was based on manual gearboxes as a base with 

AWD production as a small but growing business. All gear set machining was line based 

producing variants of one gearbox (M5). There was one-piece flow with material transported 

with conveyors within the lines, but not between the different process flows. This layout can be 

seen in appendix 5. 

 

This production system was challenged when Volvo needed a new 6-speed gearbox (M6) with 

unique components, which could indicate specialist equipment. An extensive study was 

performed to analyze what had to be completed in order to handle this new challenge. The 6-

speed gearbox would require investments in new machinery for all the operations. This 

machinery would be hard to utilize during diverse demand.  During the study, they tried to 

determine which operations in the process were flexible. The conclusion was that the material 

handling between the operations was not flexible enough. The line layout forced operations to 

be performed in a predetermined order and new operations were hard to add. 

 

Stand-alone machine production would give high unit costs but enabled flexibility and new 

operations to add. A decision point was established 2001 for where the company wanted to be 

2003-2004. The solution presented was a stand-alone machine production with straight flows 

and robots, where automation was needed. This enabled competitive unit price for niche 

products, better use of machine capacity (higher utilization, no line losses) and higher 

flexibility for new variants. In addition this solution was at GKN considered to be the most 

flexible way to handle the change over from M5 to M6 (no fixed mix M5/M6 needed) and 

capacity/automation could be performed in smaller steps.  

 

Reconstruction and future goals of the production system 

In 2004 when the company got a new owner a restructuring of the production started according 

to the decisions earlier established and were organized to the current production system and 

layout. As production volumes have increased at GKN during the years, one could consider 

line production and one-piece flow to be appropriate. However, the divergence has also 

increased (13 different pinions), which had made line production very hard. The interviewee 

mentioned also the possibility to handle small lots of products within the current production 

system, which would only require retooling in machines. The new production system used at 
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GKN was able to process products that were not within their business area e.g. components for 

ABB robots. This could give them flexibility during lower demand in automotive market. 

Figure 12 is a diagram of their production volumes for different pinions per year, were the 

trend is going towards a more diverse assortment. The different colors in the figure represent 

product types of the pinion and the total height is the total production volumes for each year. 

This was as new customers were attained but also because existing pinions developed into new 

sub-types. 

 

 
Figure 12 GKNs production volumes per type of pinion 

 

Some negative aspects concerning the chosen production system were the high level of WIP, 

because of the buffers in between operations. This type of production also led to operators 

loosing track of the piece processed and that quality defects were harder to detect than in line 

based production. Furthermore, the production system used at GKN required more governing 

from the operators and planning from management compared to line based production systems.  

Operators needed to achieve a quite high degree of skills regarding machines. Also, the 

baskets/trays used for storage and transportation of the products was expensive, adding on to 

the production costs.  

 

As a consequence of these challenges, the interviewee stressed the importance of clear 

regulations and governing regarding production in order to get better flow of material, higher 

efficiency and to facilitate the decision making for the operators. There should not be any doubt 

for the operators how to manage the products through the operations. Also, balanced 

production flows and increased utilization were mentioned as future goals for the company. 

4.2.1.2 Observations 

The observations at GKN took place two days a week during the entire thesis work. The 

following sections compile the essential observations that were performed for this thesis. 

 

Observation of the production system 

The study for this thesis work was performed at GKN at the department for soft processing of 

pinions (before the pinions are hardened and the material is still “soft”). The soft processing of 

the pinions consists of six operations seen in figure 13 where each has a specific purpose for 

the product.  
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Figure 13 Soft processing of pinions 

 

Flow chart 

To be able to understand the production system used and to get an overlook of the sequence of 

operations a flow chart was established (see appendix 6). The flow of material in between 

operations was documented according to the product types.  

 

The chart revealed the degree of flexibility addressed in the interview. Stand-alone machines 

are not “locked” in their position in the process. All though there was a predetermined path of 

operations within the production system, this enabled the sequence of operations to be changed 

if needed and created flexibility to handle stops caused by e.g. machine breakdown or setup. 

Also, the stand-alone machines gave the flexibility needed for the time consuming activities 

such as hardening process and setup for spline rolling. 

 

The production used manual transports between operations that allowed this flexibility. The 

batches consisted of trays of components that were stacked on top of each other to a height that 

seemed appropriate for the manual handling. However, as seen in figure 14 the level of 

flexibility can be too extensive, leading to multiple choice of production flow and sequence of 

operations. There are 47 paths, which the material flow could follow excluding the possibility 

for the spline rolling and gear-cutting operations changing order. This would give an additional 

49 routes but as these routes would make the illustrations too hard to follow they were left out. 

The possible ways is further extended for the parts that include the drilling thread operation 

illustrated by the triangle and the masking procedure that is an alternative route to the 

chamfering and deburring operation illustrated by the black square. These has however also 

been left out from the flows throughout the thesis as they aren’t included in the main flow. 

Raw 
material 

•Supermarket with raw material to pinions 

End milling 

•In the endmilling process the pinion ends are cut and centering marking is made for 
aiding further processing precission. 

Turning 
•The turning process is for surface preparations of the pinions. 

Spline 
rolling 

•In this process splines and a thread are rolled. If the thread is on the inside of the 
pinion, the operation is performed by the Drilling thread machine. 

Gear 
cutting 

•The gears are cut in milling machines with great precision. 

Drilling 
Thread 

•In this operation the pinions that have inner thread are processed. 

Chamfering 
deburring 

•This is the last operation for the soft pinion processing before hardening. The 
remaining sharp edges and burrs on the pinions are taken care of. Pinions with too 
great difference in dimensions had to go through a masking  process, where 
sensetive areas were covered before hardening 
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The multiple choices/material paths may cause unclarity amongst operators regarding correct 

set of actions during production in order to achieve efficiency. This is level of freedom can be 

seen in figure 15, where the different decision points have been marked. The total amount of 

decision points is four. At every decision point the operator has to decide which path the 

products should follow. Compared to one-piece flow where products have dedicated flows and 

connected operations, the batch flow seemed to necessitate more governing and put a great deal 

of responsibility on the operators.  

 

 
 

Figure 14 The current layout with the level of flexibility shown with arrows. 
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Figure 15 The current layout and the different decision points shown in yellow 

 

The level of interaction between operators and the process were quite high, which required 

highly skilled staff able to handle several different machines and governing of production.  

This could cause problems if new operators would have to be taken in at short notice.  

Also, along with the relatively high human interaction the risk for mistakes and subsequent 

quality defects increased. 

 

From the flow chart (see appendix 6) one could draw the conclusion, that there were long 

distances between operations, which was confirmed during observation of the pinion 

processing. This along with the fact that there are no conveyors would indicate unnecessary 

time-consuming transportation between operations. The spacing between machines was 

explained to facilitate truck transports when machinery needed to be moved. However, the 

whole production process gets stretched out over a long distance, which contributes to lack of 

visibility and impaired control over the products as well as the process. In addition, 

communication between operators seemed to be complicated due to the distance issue. In 

between operations there was a large facility containing surface treatment of products, which 

further distanced machines and occupied valuable floor space. 

 

Layout 

In figure 16 the layout of the facility is presented for the soft processing at GKN, and hard 

processing used a similar layout. The layout was a functional layout of stand-alone machines, 

but it can be seen that the machines were arranged in a flow group. Because the machines were 

arranged in this way, the flow was easy to follow and one could clearly se the progress of the 

parts along the flow. 
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Figure 16 Principal of the layout at Case A 

4.2.1.3 Summary of the case 

Case company A used a batch flow with stand-alone machines layout and were process 

oriented. The production systems transports where done manually between operations. This 

gave them a very flexible production system and several benefits were seen as well as 

disadvantages. It was crucial for them that the production system was flexible to be able to 

handle a great divergence in products. This was as they had a lot of demands on their 

production systems operations from costumers. The chosen production system also gave them 

the ability to make flow alterations when needed and made them less sensitive to breakdowns. 

It was also important that capacity could be added easily for demand increase. As the company 

had one-piece flow previous to the current production system, it was found that the volumes 

and divergence was not necessarily the most important factor, as they according to the decision 

rule presented by Miltenburg (2000) should use line flow. Neither was the manufacturing 

strategy the most crucial in this case, as the company as a whole should utilize one-piece flow. 

They had changed to a batch production system, which would give them the lowest cost per 

unit compared to other alternatives and because they needed to be able to produce as many 

types of products as possible. It was found that economy, flexibility and capacity were the 

crucial factors that determined the choice of their production system. This choice had however 

been done on the cost of higher production planning and control requirements. 

4.2.2 Findings at Case Study B 

Company description 

The company and its facilities have a long history within manufacturing. Previously they 

produced machine tools, but during the 20
th 

century the production was focused on gearboxes 
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for the automotive industry. The site currently manufactures components to heavy automotive 

industry and marine drives. An interesting aspect is that they and GKN Driveline Köping AB 

share much of the same history. 

 

Their products are heavy engines, gearboxes and drivelines. They currently working on 

standardizing their products and have one gearbox that comes in three different types but are 

aiming to reduce it to one type. The focus in this Case has been on shafts, as the company 

doesn’t produce differentials and thereby not producing any pinions. 

4.2.2.1 Interviews 

This section describes what came forth during interview at Case B, with the Executive Method 

Technician; Head of Processing. 

 

Today’s production system 

The production system used at the company in Case B is one-piece flow. The current layout 

consists of cells with machines organized regarding to process category in lines. The decision 

behind this type of production system and layout was taken several years ago. The aim was to 

create an appropriate flow for heavy and complex components with high processing costs with 

smallest amount of buffers in the production.  

 

The yearly production volume was about 110 000-140 000 shafts, distributed over several 

product types which consisted of about 15 variants each. Volumes below 5000 were outsourced 

because of the amount of setups required. The production was governed with tact boards and 

daily control. 

 

One big advantage with production system used at the company was the limited amount of 

WIP. This was even more optimized when using customer demand based assembling. On the 

negative side, if there was a machine break down, the production on the entire line stopped. 

Therefore there had to be defined reserve arrangements to all flows. Also, the production 

system required great competence from operators and service technicians, due to the high level 

of different techniques involved in the process. Operators were however able to handle several 

different lines and machines associated with them. The production system used enabled 

flexibility during changes in demand to some extent. Machinery could be shut down or 

activated or tact could be changed, but this was considered hard because of the line flow.   

 

When using this kind of production system, access for spare parts need to be well worked 

through. In addition, it is very important to work actively towards avoiding disturbances in 

production by structured preventive maintenance of equipment and by making sure to have 

right competence at every level in house when needed. This is because the line is considered 

more vulnerable to disturbances than batch flow.  

 

Disturbances in production could be detected in every part of the process. If there was a 

disturbance in production, the operator took action according to predetermined procedure. 

He/she reported the disturbance into a computer system depending on priority scale 1-4, where 

1 represented total breakdown and 4 represented minor problem that needed to be sorted but 

was not affecting production. In addition, Andon systems had been implemented in production 

(assembly), where anyone detecting an error or having some kind of problem at a station could 

push the Andon-button or pull the Andon-string. This way a problem was made visible and 

could be displayed on production boards for the other stations to see and assist to solve the 

problem. 
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The production system used at Case B was considered to contribute to high delivery reliability. 

The efficiency of the production system was constantly measured according to specific KPI 

(Key Performance Indicator), such as cost/unit and delivery reliability. Current state and 

possible improvements were mapped and evaluated by performing Value Stream Mappings. In 

addition, there was a constantly ongoing activity to improve processes according to their own 

production system philosophy and Cost Deployment was performed six times/year. Cost 

Deployment is a guide for reduction and elimination of losses of a company.  

 

When using one-piece flow and lines, one would suspect that setup was a large problem for the 

production. However, setup at the company was performed according to an “emptying cycle” 

also referred to as flying setup of the line. This means, the first machine is setup before the 

whole line is emptied, leading to no loss in efficiency.  

 

Separation of products 

It was discussed that a distribution of products in production were made, where low volume 

products were processed at some lines and high volume on other lines. This way the company 

could achieve a level of flexibility that was giving them a possibility to handle changes in 

demand and divergence. 

 

Their production system also had the ability to move products to other lines and operate 

according to priority if there was a production stop at some line. Also, they set high standards 

on the machinery they bought. The suppliers had to carefully test and certify that they worked 

according to what they promised. Because of the line flow, it was even more important that 

machines could be operated at all times. This as stop at some machine would affect the whole 

line.  

 

Goals of the production system 

The current production system was developed to enable the goals of the company, which were 

to be a “Center of Excellence” within cog production. The production system was built up 

according to Lean principles, which meant that no separate flows were used even for divergent 

products.  

 

Regarding using any other production system than the current one, the interviewee mentioned 

that there should not be any major obstacles, if they managed to build up a good case that 

promoted their production flow and layout. However, it would most certainly be a costly 

activity and would also require data transferring and building up buffers covering production 

disturbances. 

4.2.2.2 Observations 

The following describes what was seen during the observation of the production system at Case 

B. 

 

Observation of the production system  

The production at Case B was arranged in cells where the components were handled in lots but 

feed to machines according to one-piece flow. The cells were positioned in lines regarding to 

product category in order to achieve straight flows of material. The components that were to be 

processed were feed in to a charging, which followed by robots operating on rails handling the 

movements between processing operations.  

 

One could conclude that the level of WIP was relatively limited in the cells, but the cells were 

not connected so the levels build up in between were higher. This meant also that products 
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were gathered in small batches and was transported to next operation by forklifts. Because of 

this, there were totally 17 days of material for production in house. 

 

The lines were operated by one to two persons, which handled setups and governed the 

production. The production performance and quality was very well displayed on tact boards 

and production boards visible to operators and production control personnel. This was to 

achieve higher efficiency and to avoid production disturbances as much as possible. 

 

Layout 

In figure 17 the layout of the facility at Case B is presented. The layout was a functional layout 

of lines in sections that were focused on a specific process. Because the machines were 

arranged in this way, the flow was easy to follow in each section, however the sectioning made 

it hard to follow the products progress as there were long transports between the lines. 

 

 
Figure 17 Principal of the layout at Case B 

 

Aim of the production system 

The aim of the company’s production system was to implement one-piece flow throughout the 

whole production in order to improve efficiency and minimize material in production. This was 

seen as the new production lines were installed in a section of the facility. They were already 

using one-piece flow to some extent within the cells, but there was still some work to be done 

in order to optimize the production system. 

 

The overall impression was that there was an attempt at the facility to freshen it up and 

improve work environment. During observations, one could see the facilities being repainted 

which gave a brighter and more comfortable feeling. 

4.2.2.3 Summary of the case 

Case company B used one-piece flow with short lines that were process-oriented, where 

transports where done by forklifts between operations. They had a locked production system 

with the flexibility to change lines but if a machine broke down the entire line would stop. 
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Otherwise the lines were dedicated to low volume products and high volume products 

respectively. The low flexibility made them strive for more standardized products.  

 

It was important for them to work towards their manufacturing strategy to achieve more 

benefits from one-piece flow and lines. Their choice was in accordance to the decision rule 

presented by Miltenburg (2000), which implies that they should use line flow. However this 

was only utilized in the sections of lines. In addition, they chose not to produce volumes less 

than 5000 to benefit the most out of their production system. It was found in this case that 

economy, volumes combined with divergence and manufacturing strategy was the crucial 

factors that determined the choice of their production system.  

4.2.3 Findings at Case Study C 

Company description 

This was a global company founded in the late 17
th

 century. The company manufactured heavy 

trucks and buses. Another important business area of the company was the industrial and 

marine engines. They were operating in over 100 countries with production units located in 

Europe and Latin America. Worldwide they had approximately 37,500 employees. The head 

office is located Sweden which also was the birthplace of the company. 

 

Their Transmission department within the company and the place for the interview study is 

located in a site where the entire production takes place, from raw material to finished 

products. The transmission department employs about 500 persons. They produce engines, 

gearboxes and drive train within the heavy automotive industry e.g. buses and trucks. 

The components are somewhat similar to the products at GKN but are much larger as they 

focus on the heavy vehicle market same as Case B and Case D. 

4.2.3.1 Interviews 

This section describes what came forth during interview at Case C, with the Research and 

University Contact and the Transmission Machining; Project Engineer, Transmission 

Machining.  

 

Today’s production system 

The production system and layout was based on the company’s own production system 

philosophy and put emphasis on stabile processes. The company used one-piece flow as far as 

possible. It was stated that one-piece flow was never fully adaptable when there is a hardening 

process within the production that slows down and splits the production flow. The idea of using 

induction hardening built in within the production line was not reliable enough and other 

hardening methods of interest were still too expensive. 

 

Their new production system revealed defects in both the production and the products early on 

so it could be dealt with immediately. Lot sizes were determined by the change intervals 

regarding life cycle of cutting tools in the machinery. Maintenance was performed on 

machinery during production downtime to get more efficiency in the processes and to avoid 

quality deficiencies in the products. This way, the setup time didn’t have a negative impact on 

the production. Theory for one-piece flow states that available time for this kind of production 

system should be near 100 percent and they were very close at 97 percent available time.  

 

The production was manually managed with a type of pull system based on Kanban, where the 

production tact was determined by market demand. The flexibility in the production system 
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was considered as an important factor, which was consistent with the other companies’ opinion 

in the different cases. At Case C, their ability to respond quickly to fluctuating market demands 

was mentioned as one of the biggest challenges. Furthermore, the machines were very flexible 

regarding ability to handle different components. This meant that no products were forced to a 

certain line for production, which led to a more flexible production system. 

 

The company in Case C used one-piece flow and the lot size remained the same through the 

whole production process, which meant that there was no room for changing products in-

between the processes. This could be seen as a weakness for the production system. However, 

the total throughput time was about five days, which indicated very efficient processes and an 

ability to rapidly change over production. By striving for more efficient flows through lining up 

machinery in straight flows and reducing waste (buffers and transports between operations), the 

production could be further streamlined in order to meet the increasing demand for shorter 

time-to-market.  

 

Previous production system 

The production system at the company had transformed in regard of production layout. They 

previously used a functional layout with stand-alone machines scattered around the production 

facilities. This had during the years changed to a flow group layout with straight flows and line 

production. Before the change, the amount of products in the buffers managed to cover up a 

production disruption caused by machine failure for eleven weeks.  

 

Separation of products 

The products in production consisted of four product families divided between two production 

lines. The total number of different gear sets was about 50, which consisted of primarily high 

volume products.  

 

Goal with the production system 

The current production system was well developed to enable the company’s production system 

philosophy. It could also be seen that there were some resemblance to the goal of case B, which 

were to be a “Center of Excellence” within cog production as they foremost kept complex 

products and outsourced simple ones if they had to. The production system was built up 

according to Lean principles, which meant that no separate flows were used even for divergent 

products. 

 

4.2.3.2 Observations 

The following describes what was seen during the observation of the production system at Case 

C. 

 

Observation of the production system  

The new layout at hard processing was established 2011 and had improved efficiency in the 

production. Furthermore, the new layout had opened up the work environment and all the 

cables and beams that before had obscured the view were now removed. An operator present at 

the time of the observation confirmed that the line was easy to monitor because of the straight 

flow and the fact that one could see all the processes from the first to the last standing at either 

end of the line. The operator also told that they could use “flying setup” when changing 

product type. This meant that as soon as the last piece in a finished batch had passed the first 

operation in the flow, the setup could begin, performed “on the run” and following the 

subsequent operations as the finished batch passed through the flow. This way the setup didn’t 
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affect the production in any major way, on the contrary the efficiency and flexibility was kept 

high.  

 

It could clearly be seen that the machinery were modernized and that they had very straight-

line flow in the hard processing department. The different production operations were 

positioned in the order they came in the product flow and the machines were placed close to 

each other. This was done in order to minimize unnecessary transports of material. It was also 

done so that one operator could be responsible for all operations within the line and so that they 

had a clear view of the machines.  

 

There seemed to be very little buffer between the operations, and this confirmed the “only ten 

minutes of material between operations” that had come up during the interview. This could be 

interpreted as a vulnerable system, because there was only a small buffer to cover for a possible 

disturbance in production. However, as earlier mentioned, one-piece flow makes it easier to 

detect hidden errors. The fact that the one-piece flow with line layout is vulnerable encourages 

companies to even further optimize the flow and do all necessary preventive maintenance to 

make sure there are as few as possible production disturbances.  

   

The soft processing of pinions line was older than the hard processing lines and had a U-shaped 

layout that utilized one-piece flow as at the hardening process. The process was not as easy to 

follow as the straight-line flow observed at hard processing. The machines were also not as 

easy to access and the buffers were situated in between operations in the height of the operators 

whilst the hard processing had the buffers above the height of the operators 

 

It was noticed that the operator manually fed the pinions at the first operation at the lines at 

both hard and soft processing. The pinions were moved from pallets to the line with a lifting 

device. The same were done at the end of the lines, where the pinions were placed back into 

pallets to be prepared for further transport to hardening (soft processing) or assembly (hard 

processing). 

 

At hard processing an overlying robot moving on rails took over handling of all transports 

between, in and out of machines. The speed and accuracy of the robot was very impressing. 

This solution for transporting the pinions between operations seemed to be highly efficient and 

it enabled a very straight production flow. Also, when operating on rails above the processing 

machines, it didn’t take up the valuable floor space. As a bonus the robot reduced the manual 

interaction between operations. However, the order of operations was not able to be changed, 

but could on the other hand be left out.  

 

At soft processing the transports were atomically handled by the use of conveyors between 

operations and the components were processed in a predetermined order. During the 

observation the layout of soft processing was discussed and it was explained that there were 

plans to consider the same straight line flow layout that was used for the hard processing for 

pinions. This could even further improve the efficiency of the processes and enhance the 

overview to facilitate the governing of the line. 

 

The lines enabled certain flexibility although the operations were predetermined. If an 

operation was not needed, the machine could be disconnected from the flow and utilized for 

running of test batches. 
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Layout 

In figure 18 the layout of the facility is presented for the soft processing and hard processing at 

Case C. The layout was straight flow groups in lines that were very automated. Because the 

machines were arranged in this way, the flow was the easiest to follow amongst the cases and 

one could clearly se the progress of the parts along the flow. However The soft processing were 

U-shaped which lead to some obstruction of the view, while the hard processing where 

completely straight with its overlying robot, with no visible parts apart from the ones in 

process. 

 

 
Figure 18 Principal of the layout at Case C 

 

Aim of the production system 

The company already implemented one-piece flow therefore their aim of the production system 

was to refine their production, in order to improve efficiency and minimize material in 

production. They also worked with overall improvements. This was seen at boards adjacent to 

the lines, which presented production related information such as downtime and the reasons for 

it. Also, other boards were showing quality improvement efforts by performed Ishikawa 

diagrams, 5 Why and other tools associated with improvement. It was very important for them 

to early on recognize the disruptions and quality issues and to work actively to prevent them.  

 

Activities related to the production line were kept as near as possible. This was the case of the 

control measurements of components, which was positioned adjacent to the production line in 

an open space. Every effort was to reduce unnecessary transports and disturbance of the 

production.  

 

One could clearly see the difference between the very light and open atmosphere in the newly 

rearranged parts near the new production line at hard processing and the bulky and dull feeling 

in the older parts. So, clearly the company aimed to improve not only efficiency but also the 

work environment as they made new installments. 

 

4.2.3.3 Summary of the case 

Case company C used one-piece flow with lines that were product-oriented. This meant that 

there were no manual transports between operation, which were connected with either a 

conveyor (soft processing) or an overlying robot (hard processing).  However the charging 

systems were manual. They had a locked production system with the flexibility to change lines 

but if a machine broke down the entire line would stop. Otherwise the lines were dedicated to 

low volume products and high volume products respectively as at case B. Their machines were 

however very flexible in the matter that they could be setup for a variety of different types of 
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pinions and setup were done with ease. The hard processing lines were however very expensive 

and used very refined one-piece flow according to the conditions set by the machines.  

 

They worked toward their manufacturing strategy to achieve more benefits from one-piece 

flow and lines but had come so far that the changes were more of refinements. Their choice 

according to the decision rule presented by Miltenburg (2000) is to use line flow, which they 

did entirely. However, they didn’t dismiss low production volumes from their lines if they were 

complex products while dismissing the simple ones to keep the quality high and advance in 

their knowledge of manufacturing complex components. It was found in this case that 

economy, flexibility, volumes combined with divergence and manufacturing strategy was the 

crucial factors that determined the choice of their production system.  

4.2.4 Findings at Case Study D 

Company description 

The company has more than a hundred years of history in supplying a broad range of integrated 

systems, modules and components to original equipment manufacturers and the aftermarket for 

the transportation and industrial sectors. The facility was an old factory moved from Köping by 

another company. The production facility was later bought by the company, which currently 

employs about 800 persons at the site. The company manufactures several components to 

customers in the heavy transport industry. The products consist of e.g. differential housing, 

bevel/helical/differential gears and carrier axle assembly. 

 

The manufacture of pinions was about 550/day or 100 to 120 thousand/year and there were 

about 102 diverse variations in their current production system. The total production volumes 

were distributed as follows, 110 000 front axles, 125 000 rear axles and 180 000 differential 

housing.  

 

4.2.4.1 Interviews 

This section describes what came forth during interview at Case D, with the Superior Technical 

Manager (part of Management), Manufacturing Engineering.  

 

Today’s production system 

The layout used within the production system consisted of a fixed position functional layout 

with stand-alone machines and some additional flow group cells. While in assembly, the 

company utilized lines. As a consequence of the used production system and layout in the 

system there were vast amounts of products around the machinery and far too many transports 

between the operations (19 transports within the pinion production system). Also, the 

production was overall hard to govern in its current condition. Furthermore, manual labor 

required more discipline from the operators regarding tact and interactions enhancing the 

production efficiency compared to line flows.  

 

The flexibility provided by the stand-alone machines was mostly utilized at processes such as 

hardening, shot penning and induction annealing, which were the bottlenecks in the production 

process. In addition, they utilized the flexibility enabled by the stand-alone machines during 

setup. This was as the machines at the company were not linked together, meaning that while 

one machine was setup the other machines could be operating without being interrupted by the 

setup. To gain further advantage of the flexibility, the company worked actively to establish 

standardization regarding layout and tools used for production optimization.  
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A major disadvantage for them was the obsolete machinery, which led to a lot of MTTR (Mean 

Time to Repair) and low OEE (Overall Equipment Effectiveness). This was handled by extra 

shifts and subcontracting. The reason for the obsolete machinery was that the management 

hadn’t invested in new modern machinery when needed. 

 

To be able to handle the negative effects of the current production systems flow, it was said 

that well-executed production planning was essential for the system to work. The production 

was order-driven and foremost manually governed based on visualization and tools such as 

flow scheduling. Hourly monitoring using processing logs controlled the production. The 

assembling lines used Binar Tact timer to control and stabilize processes and Andon string to 

signal for assistance or that a problem had arose. Unique or aberrant products were handled 

with extra supervision and required skilled and experienced operators.  

 

An important issue with the placing of machinery was described during the interview. This was 

as the machinery was placed where they could fit it; rather then they should be placed for 

efficient performance and interaction with other machinery and operators. In many ways the 

situation for the company was similar as for GKN before the reorganization of the production 

system in 2004.  However, this was planned to change. The responsible persons involved in 

production had already changed the assembly stations layout that was situated in scattered 

alongside with the production processes, to line assembly with straight flows of products in a 

section of the building by itself. There were also plans to increase the visibility by 

reorganization of production machinery to straight lines and flows. Some of the production 

cells would be taken apart and others would be brought together. Also, there was a need for a 

system that would govern the machine performance in order to be able to analyze and improve 

efficiency. 

 

The components manufactured at the site were quite big in comparison to GKN’s components. 

This was because they were part of heavy automotive industry. The size caused inconvenience 

because all machinery involved with the production and transportation had to be able to 

manage heavy weight and ungainly products. 

 

The problems associated with the size of the manufactured components were one of the two 

foremost challenges the company had faced during the change process. The other was the large 

product variety. The large amount of different components manufactured were a result of the 

markets continuous demand for new and better products, while the old models still were 

manufactured as well. On top of this, the demand on shorter time to market was increasing 

while the quality had to be spotless. This called for great flexibility in machinery, production 

system and facilities to be able to rapidly respond to the market demand. The layout with stand-

alone machines was considered to give the company more flexibility compared to other 

production systems in regard of handling the variety of products and to get additional capacity 

for shorter time to market. This has on the other hand led to a great deal of transportation 

between operations due to unplanned placing of the machines.  

 

Separation of products 

An idea was presented within the company by which both efficiency and flexibility would be 

achieved in the production system. This was accomplished by placing high volume components 

on production lines, while keeping the stand-alone machinery to handle the lower volumes and 

in this way separate the different components. Currently the flexibility concerning diversity had 

been handled by separating custom products from the main flows. 
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Previous production system 

About two years back there was decision taken which would include changes in both 

production system and layout. The reason for the decision was that the layout and production 

system used at the company didn’t correspond to a modern way of production. This was 

because of the absence of straight product flows and a pull system, which would have been 

preferable. 

 

The reason for the layout was very simple. The company had in the late 1990´s a great need for 

high capacity machinery due to a rapid increase in demand for its products. So, the emphasis 

was to invest in additional machinery that could handle the high volumes, and not as much on 

any specific flow through the production system.  

 

As a result of the reorganization process that started two years ago at the company, they had 

managed to reduce the manpower with 93 operators, which indicated more efficient and self-

governing production processes. However the production system still suffered from the old 

layout, as many machines in the processing department still were scattered throughout the 

facility. 

 

Goal with the production system 

The goal was to strive for one-piece flow as far as it was possible. This change along with 

incorporation of Lean principles were hoped to lead to more efficient production, better space 

utilization, less waste, easier governing of the production and increased product quality. They 

also planned for separating the flows as earlier described, which would increase the efficiency. 

In addition they strived for creating clear straight flows by rearranging the machines and 

connecting them with lines for the high volume products. But this change had been ongoing for 

years and had a lot of change still remaining. 

4.2.4.2 Observations 

The following describes what was seen during the observation of the production system at Case 

D. 

 

Observation of the production system  

The production was done through the use of stand-alone machinery while the assembly was 

performed in lines. The production systems and its layout needed many operators in order to 

run according to demand. The processes used three persons operating four soft processing 

machines, four operating 12 milling machines and two operating three hard processing 

machines. 

 

The machinery and equipment were quite old, and because of the their age it was a struggle for 

maintenance, as parts were getting hard to get by. One solution was to buy used machinery as 

donors, but new equipment was considered to be preferable. However, new machinery is of 

course a cost issue. Also, high costs are related to the changes needed regarding rearranging the 

machinery and adapting to a new production system, which can be an obstacle for many 

companies.  

 

When the question regarding changing over to another production system came up, it was 

pointed out that for example the processing of cogs were performed in a several different ways. 

This led to ineffective machine groups regarding occupancy and the aim had to be to strive 

towards standardization. Also utilizing lines and one-piece flow would be very challenging if 

the different processing methods would be incorporated. 
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It was hard to see the flow of products, or at least to the fully understand it. This indistinct 

placing of machinery could be related to the “old factory” dilemma, which is that machinery is 

placed where they fit, and not where they should be placed for optimal production efficiency. 

Also, there seemed to be a lot of material everywhere in the production facilities, which 

indicated unnecessary costly buffers and as it turned out, there was no exact number on the 

buffer levels in production. Also, one could clearly understand the transportation issue 

addressed earlier. The operations were spaced over quite long distances, which surely increased 

the unnecessary transports of material and due to the weight of the components they had to be 

moved by equipments such as forklifts. Even though the production was organized with one-

piece flow within the separate cells, it seemed not do any benefits for the total lead-time 

because products were gathered after operations and transported vast distances to next 

operation. 

 

However, as mentioned during the interview, there were changes to be done and some of them 

were already in progress in order to enhance the production layout and system. Straight 

production flows with machinery within the same process flow nearby each other should be 

appropriate for the company in order to get efficient production system and easier governing. 

As a bonus, straight flow layout would open up the work environment, making it safer and 

more pleasant for the operators. The visual aspect is very important for both the operators as 

well as the management.  

 

When you have straight production lines with machinery lined up in the order they come in the 

production process, it becomes much easier to get an overview of what is happening in the 

different stages and the chances for detecting hidden defects in the processes as well as the 

products are higher. However, the company seemed to already put at lot of emphasis on 

improving production disruptions and this was done by monitoring them hourly in log systems 

and signaling with lamps when errors occurred. These errors were then reported in a chain of 

command from the operator all the way up to management, in order to prevent future 

disruptions and to improve the processes. 

 

Layout 

In figure 19 the basic principle of the layout of the facility at Case D is presented. They used a 

functional layout of stand-alone machines that were scattered thought the facility. Due to this 

arrangement of the machines, the flow was very hard to follow. One could clearly se the rapid 

capacity expansion that had taken place and resulted in machines not being located 

strategically.  
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Figure 19 Principal of the layout at Case D 

 

Aim of the production system 

The vision that were presented regarding the production at the company incorporated Lean 

principles, clear product flows, straight lines with one-piece flow ambition. The production 

would start at one end of the factory and end at another. This would clearly represent a modern 

and efficient production system and layout. The vast amount of transportations between 

operations that they struggled with would be considerably reduced.  

 

During the tour the sequencing of material from supermarkets to the assembling flows with so-

called trains was observed. This method was a good attempt to streamline the assembly line 

with exactly the right amount of material in the right place in the right time. For some parts, the 

assembling lines represented the pull system with straight-line flows and one-piece flow very 

well, and the same concept should be implemented in the other parts of the factory.   

 

The company had still some work to do in their change process to be able to get clear product 

flows and solutions for more efficient and easy govern production. However, the changes 

needed are not very easily done, due to lack of space, costs and time consuming rearrangement 

of equipment and the fact that production systems changes slowly. At the same time, the global 

market and economy changes rapidly, so in order to be competitive the company in case D has 

to decide on what kind of company they want to represent. Either a company that invests for 

the future and remains competitive or a company that is satisfied with what they have, 

neglecting future investments, which would ultimately lead to being put out of business. 

4.2.4.3 Summary of the case 

Case company D used one-piece flow with stand-alone machines that were process-oriented. 

This meant that transports were done manually between operations by forklifts. As the 

components were large it was necessary to use one-piece flow charging to the machines via 

conveyors. However the charging systems onto the conveyors were done manually. Their 

production system was flexible as flow could be changed when needed and capacity could be 

easily added. However, there were plans to change the layout and connect the machines to lines 

to achieve more out of the benefits from one-piece flow and eliminate the manual charging. 

The machines used at Case company D were very flexible in the matter that they could be setup 

for a variety of different types of pinions. 
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They worked toward the manufacturing strategy to achieve more benefits from one-piece flow 

and lines and tried to improve at predicting in what way they should evolve their production 

system. The decision rule presented by Miltenburg (2000) promotes that Case company D 

should be using line flow. This was not the case in their production system for pinions but there 

were plans to do so. One of their major concerns and driving factors to change towards lines 

was the extensive transportation of parts between operations. It was found in this case that 

economy, flexibility, volumes combined with divergence and manufacturing strategy was the 

crucial factors that determined the choice of their production system.  
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5 Analysis 

In the following sections empirical and theoretical findings are reflected and analyzed. The 

research questions will also be answered, in order to create the decision support in the form of 

a decision process mind map. 

 

5.1 Comparing cases 

In this section the cases are analyzed in comparison with each other in regard of the product 

profiling, the interview and the observations. 

5.1.1 Company and product 

The companies in the study were large and operated around the clock in three shifts. Case C 

stood out from the rest as they produced the entire product from raw material to finished 

vehicle in the same location, which could be seen in the number of employees. The companies 

all had different approaches in their production system even though the product (differential) 

was meant for the same purpose, except for Case B where the focus in the case was on shafts. 

All the process steps for making a pinion were basically the same and the steps were practically 

the same for shafts at Case B. 

 

Case C and Case D had large products and great divergence in the number of product types. 

Case B also had large products but a smaller divergence, and GKN in Case A had smaller 

products and a smaller divergence. GKN and Case B’s opinion was that they have a great 

divergence in the number of product types for each component. It appears that this might be an 

intercompany view, as it compared to Case C and Case D seemed small. However, the pinions 

at GKN had a greater divergence in size, from small for lightweight cars to medium for SUV 

and light trucks.  

 

The size of the components appeared to be one of the driving factors in the choice of 

production system. As the components for trucks were very large and heavy, it would be 

unreasonable to handle them in large batches. Doing this would require large storage areas, 

large containers and machines to transport them. This seemed to have given the truck industry a 

head start into achieving small batches or one-piece flow with small lot sizes, and their work 

toward lean thinking. The companies acknowledged that they had to collaborate in order to 

help each other increase their efficiency and compete on the global market. GKN and the 

company in Case B were in close proximity to each other and had a long history together. This 

should motivate them to work together and improve their front edge competence in making 

cogs and keep their position on the global excellence market. Otherwise the facilities risk being 

put out of business because of lower costs elsewhere. Case C commented that they only 

outsource simple components, as they want to keep their competence. The reason was also 

because they set high quality requirements on their equipment and components, unfulfilled by 

the suppliers. The other companies in the study also experienced the same from their suppliers. 
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5.1.2 Manufacturing strategy  

The following sections analyze the different cases and compare them to each other. 

5.1.2.1 Production system and layout 

Case A 

Case A hade a process-oriented focus and was utilizing batch flow, or basket model as they 

preferred to call it. As for Case B, and D, Case A delivered to external companies or for 

continued processing at other sites and had to get their material from external suppliers. It 

could make processing difficult as they had higher requirements on their equipment, in regard 

of being able to produce a more complex variation and process material of greater divergence 

in quality; this implied that they have to be processed-oriented.  

 

GKN had made an effort to optimize their flow. They previously had the same problems as 

Case B and Case D with scattered machines, and unclear flows, as can be seen in GKN’s old 

layout in appendix 5. They had however made a full-scale reorganization to sort out the mess. 

The end result was a functional flow with the machines collected in the order the processes that 

gave them make straight flow groups in general. The straight flow groups were created for each 

type of component (one for pinions, one for crown wheels etc.). As they produced for external 

companies the possibility to be able to overview the flows gave a good impression in front of 

customers and GKN were during the thesis work freshening up the facility to give it a modern 

look. 

 

The workers at GKN also pointed out that the straight flows were opening up the space and 

made it was possible for the team leader to overview the flow. The stand-alone machines at 

GKN generally gave the possibility to easily move in-between machines, access the 

instruments, set machine, perform maintenance etc. Thanks to the compact design of the 

automatic charger of batches, the space usage was small. 

 

GKN’s reasoning was that they would get a high uptime by not having machines connected to 

each other and by being able to use any machine available at all time. This had however created 

a much lower uptime compared to Case C. There for they should reconsider making straight 

constrained flow with buffers only covering for setup that in principle would work the same 

way as the flying setup at Case C. 

 

Case B 

Case B had a process-oriented focus and delivered to external companies. They were utilizing 

one-piece flow with lines in sections. As mentioned Case B had the same problem with 

scattered machinery as Case D, but had come further in the development of the production 

system. They had co-located the machines in sections of straight flow groups, which were 

focused on the process. This gave them a functional flow in general. The impression was that 

they had a clear flow through the flow group sections but not through the facility as a whole as 

the functional flow gave a lot of transports between the lines. 

 

Case C 

Case C was the only factory in the study that had a product-oriented focus, while the other 

companies had a process-oriented focus. This may be because they were directly connected to 

the finished product and delivered within the company itself. Product-oriented companies 

usually have a small number of products that fits in the same machines and are then able to 

produce at low costs. The company in Case C however, had a great number of pinions going 
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through the same machines and were able to do so efficiently without difficulty. This was as 

they said, because of the cross-functional teams that used DFM, which made them well aware 

of the conditions that were set by their equipment. 

 

Case C previously had a functional layout but had for some time used flow groups instead. 

They had a line at hard processing of pinions that was state of the art within flow group, line 

production and one-piece flow. It gave a great overview of the flow and it seemed easy to 

manage, as it used less personnel and no intermittent reordering system. 

 

The rapid development of Case C’s facility had given them some clutter around the equipment 

as it had been moved around and left installations behind. An example was the pipes from the 

previous assembly lines and old pluming that was still in the machining area. This had however 

been removed in the area in close proximity to the newest processing line installed 2011, as the 

new line needed the space for its overlying robot. Compared to GKN, Case C had impressive 

machinery but didn’t generally seem as clean and fresh as GKN facility. This may be because 

they only produce for the company itself that sets a lower demand on the overall feeling; they 

were however planning to remove the old installations in the future. The workers that worked 

nearby the newest line in Case C pointed out that they were glad of the open space and it 

seemed to raise their spirits. 

 

The truck companies in the study were implementing or striving for one-piece flow, and Case 

C was the company that had advanced the most and had two sections of one-piece flows in the 

machining area for pinions. The sections were situated before and after the hardening process 

that split up the flow, as at all the case companies. Case C appeared to be more agile to invest 

in the best technique and technology available.  

 

Case D 

Case D had a process-oriented focus and delivered to external companies. They shared the 

same difficulties in processing with Case A and B, which were high requirements on 

production equipment regarding ability to handle complex and divergent products. The 

production system used by Case D was one-piece flow within the machine cells with stand-

alone machines. The slow movement of change was observed at Case D where the assembly 

department had recently been collocated from previously scattered positions throughout the 

facility.  

5.1.2.2 Level of automation 

Case A 

The level of automation was high in the machines and used automatic chargers to feed the 

stand-alone machines with batches. They even used automatic charging at the first processing 

machine that was fed with pallets of raw unorganized material from suppliers. These pallets 

were tipped to unload the parts on to a conveyor and then picked by a robot that fed the 

machine. After processing the robot placed the parts in organized trays that were stacked 

several on top of each other. These trays were custom made by welded wire and therefore 

expensive. Operators transported these tray-stacks between processes manually. At the turning 

and gear-cutting stations the tray-stacks were loaded and unloaded manually into felsomats 

while at the other stations the tray-stacks were loaded and unloaded into three different slots 

and then picked by a robot into the processing machine. As every tray-stack consisted of 64 

parts, the machines were self-operational until these parts were finished. Loading and 

unloading of the felsomats were done of the same tray-stack, meaning that the parts were taken 

and processed from the tray-stack and placed back in the same tray-stack. 

 



55 

 

There had been investments in a technological production planning and control system called 

AXXOS for monitoring the machineries data while for example Case C still relied on manual 

and physical measurements. 

 

Case B 

Case B had the machines taking the parts directly from a pallet with one order, which 

decreased the need of operator interaction. Inside the cell the pieces were passed according to 

the one-piece flow principle. Industrial robots whereof some were mounted on rails for 

extended reach carried out the transportation within the cells. The use of industrial robots 

limited the number of WIP within the cells. As industrial robots were used, the cells were 

fenced for safety, which also limited the accessibility. This gave the same inconvenience issue 

as at Case C’s u-shaped lines. 

 

Case B used a technique were a production order was fed to the machines on organized fixtures 

which were placed on pallets as parts were large. These was then picked by a robot into the line 

cell and then putted on another pallet at the end of the line. These pallets were then transported 

via forklifts to the next processing line 

 

Case C 

Case C used a one-piece conveyor to charge their production line for soft processing of pinions, 

which was u-shaped. The conveyors at the soft processing ran though the entire system and 

hindered operators to pass in-between the machines and made access for maintenance, setting 

etc. less convenient. This could be considered as a downside for the production system and 

layout. 

 

Case C appeared to be very agile to invest in the best technique and technology available. The 

new line at hard processing, with its overlying robot gave more access to the machines and the 

same accessibility as the stand-alone machines at GKN if not better as no machines were 

situated next to the processing machine. The order of the processes was fixed at Case C’s 

production systems while Case D’s and GKN’s production systems were flexible in this 

manner. Except for being able to change in which order the processes should be executed they 

could also chose in which machines the execution should take place. As the order was fixed at 

Case C they had invested in machines that could operate several operations at once (end 

milling, center marking and turning) and thereby eliminating the space needed for buffers and 

time required for transport. 

 

The feeding of Case C was working as follows. The parts were loaded by hand onto stands on a 

conveyor that fed the machines. A conveyor led directly to the next machine, either on a 

conveyor (soft processing) or on by an overlying robot (hard processing). The output was then 

handled the same way as at Case D, but were then either finished for the hardening process or 

finished for assembly and therefore transported there. 

 

Case D 

Case D used a one-piece conveyor to charge their stand-alone machines; this took up a lot of 

space, as parts were lined up after each other and not stored on top or beside another. The parts 

were loaded by hand onto stands on a conveyor that fed the machines. Then they were taken 

out by hand from a conveyor and placed in fixtures on pallets like in case B to be transported to 

the next process. The conveyor took up a lot of space and had pallets that hold one piece each 

to feed the machines. This also required personnel to place and remove pieces from the pallets 

used for transport. 
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The contact person at Case D said that they didn’t have a good way of governing the 

production, but improvements had been made during the past year. They also didn’t have a 

system for measuring the machines performance and the equipment seemed a bit outdated. 

 

5.1.2.3 Level of WIP 

Case A 

GKN had a system of rails to limit the stockpiling between operations, however the length of 

the rails were general which led to some of the rails practically being continuously full while 

others were occasionally empty. The goal for the production system was to achieve JIT but the 

rails allowed for unnecessary buffers to be stocked and resulted in higher lead-times then 

necessary. The rails were meant to keep CONWIP but as the rails were occasionally full or 

empty it seemed like this was a diffuse limitation. The rails were also meant to run according to 

FIFO but prioritized components were allowed to break the order causing batches to be 

standing for days in the production system before being put through. This seemed to also be 

caused by the large buffer sizes of the rails. 

 

Case B 

There didn’t seem to exist any special way to limit the WIP or keep FIFO. They were however 

limited in WIP by the number of storage spaces for pallets and by the number of parts on the 

fixtures. 

 

Case C 

Case C was the company that had made the most progress with keeping low WIP and FIFO. 

They limited the WIP by regulating the number of stands on the conveyor at the soft processing 

line. Due to the conveyor and because the line were boxed in, the order of the parts could not 

be changed. Their lines at hard processing were able to create a good CONWIP system. This 

was as they limited the buffer sizes between processes to a fixed number of stands that should 

be filled up during run of the machine before the buffer. The buffer was then consumed to 

keeping the rest of the processes going during the flying setup were a machine was set for a 

different kind of product and tools replaced if needed while the other machine still ran. This 

amongst others allowed the system to achieve a high uptime that was about 97 percent 

 

Case D 

As for Case company B, Case D seemed not to have a special way to limit the WIP or keep 

FIFO. They were however limited in WIP by the number of storage spaces for pallets and were 

also limited some by the length of the conveyors. It was observed that it seemed like operators 

in the stand-alone layout facilities had less focus on the whole. They were however considerate 

about their own station. This meant that machines with capacity that was not proportional to 

other machinery could produce stockpiles of buffers. 

 

5.1.2.4 Overall impression 

During the visits all companies had recently made some changes to the facility, were under 

some kind of reorganization and planed to do additional changes in the future. As stated in the 

theory section Manufacturing Strategy it takes a long time to take these decisions. Once the 

investment has been made, companies are less potent to make major changes to their strategy 

again shortly after, as the break-even point has not yet been reached.  
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A common issue for the companies was the advancing technology and increase in demand. 

This led to “quick fix” solutions as the companies advanced in sales. Several of the case 

companies experienced that the increased demand during the 90’s made them place the 

machines where ever there was space at that time of installation rather than where they actually 

fitted in to the production system. This was as they were more concerned with the capacity. 

They however planned to focus more on the flow and set more straight flow groups throughout 

the facility, but as theory states it has taken a long time to get to the state where the change is 

finally implemented. 

 

5.2 Comparing theory and practice 

In this section the theory is compared to the interviewed, observed and practiced production 

systems in association to this thesis. The theoretical findings were partially confirmed and 

some was found to be outdated. The following will argue for what has been confirmed, what 

can be seen as outdated amongst the benefits and disadvantages found in practice. 

5.2.1 Benefits and disadvantages with batch flow 

Batch flow means having organized containers so products can be handled several at a time. 

This lowers the costs in theory (Kazmer, 2009, Saxena, 2009) as one transports time can be 

divided on several parts, and the batch can then be automatically fed to machines. It was 

however found during the thesis work that this could be true for manual transports but for 

automatic transports it could mean low utilization, especially if the transports were short. The 

transportation system was found to be important as it set restrictions to the flexibility of the 

production system. A line makes it less flexible as process order can’t easily be changed and it 

is difficult to add additional processes, as Case B and Case C’s lines. While having stand-alone 

machines makes the production system more flexible in this manner. The setback is that it 

needs support and management to organize the process order and route for the material through 

the production system.  

 

Using batches reduces the need for space in buffer areas when there is a need for large buffers 

and for the equipment that charges the machines, as several parts can be stored on top of each 

other. The batches has to be limited and sized properly, otherwise the advantage can be 

diminished or lost. The organized containers can also be expensive as at GKN, and having a lot 

or excessive number of them leads to unnecessary investments.  

 

In batch flow production systems the machines are often not connected and have a free flow 

through the system. This allows capacity in form of new machinery to be added or removed 

easily (Miltenburg, 2005, Saxena 2009). This makes the system more responsive to increase or 

decrease in demand (Brown et. al., 2000). However it comes at a cost, as seen or discussed at 

all the case companies. The disadvantages are that machines can be set in an unbeneficial 

layout where the flows are hard to follow if machines are scattered, it also leads to many 

decision areas as parts get more possible ways though the system. This put a lot of 

responsibility and reliability on the operators’ judgment and requires complex scheduling 

systems (Abele, 2008, Guerindon, 1995, Saxena, 2009). Unconnected machinery also gives a 

lot of transports and when competing for space inside a facility, operations in the same flow 

might be placed far from each other that make the transports long. Having the machinery 

disconnected however gives the possibility to use whichever machine available.  

 

The stand-alone machines had the flexibility to change the order of the parts in production to 

let prioritized pass the system faster. This however seen at GKN gave waiting WIP long lead-
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times as they stood still. Stand-alone machines also gave the possibility to change to order of 

production processes that allowed different flows in production. This was used if an operation 

was unavailable for the moment. On the other hand this raised the possibility for unfinished 

parts to pass though the system. This was seen at GKN where an entire batch had been 

hardened without going through the gear-cutting process, and was discarded. 

 

Initial costs with general equipment associated with batch flow are lower (Figure 9). Whether 

this was true was hard to determine, as investment costs are confidential. However, as it was 

one of the factors that made GKN chose this type of flow, it might imply that being true. This 

confirmed the statement by Kazmer, (2009), Miltenburg, (2005) and Saxena, (2009) that batch 

machinery can be less expensive than other machinery. On the other hand, observations at the 

different cases made it clear that the same machinery could be set up for either batch flow or 

one-piece flow with the use of alternate fed and transportation system. Then again, a specially 

made line, such as the one at Case C’s hard processing was expensive in their perspective. The 

fact that they had practically the same types of machines as at GKN might further imply that 

initial cost for batch machines are lower. These findings suggest that the distinction of cost 

should be made between machines that can be used generally and machines that are specialized 

in both processing and way of transport. The machines used in batch flow production systems 

are according to theory (Brown et. al., 2000) also suitable for a wide range of nearly similar 

goods. But through the cases it was found that all the machines at the cases had this capability 

and that it was not a specific property for batch flow. 

 

It was seen in the stand-alone production system at GKN that the work amount between the 

operators was different and ranged along situations. Some of the operators felt that they at full 

capacity had difficulties to keep up with the machines. This was as one operator handled 

several machines The batch flow however made it possible to do this compared with Case D 

were each machine were manually charged with one piece at a time requiring more out of the 

operator. In Case C the lines were also manually fed with one piece at a time, but as the 

machines where then connected and pieces automatically transferred this didn’t require as 

much attention as the stand-alone layout at Case D. So in this aspects labor is reduced if 

batches are charged instead of one piece at a time on a single piece of machinery in a stand-

alone layout. The problem was however that it was hard to monitor and manage them, as they 

aren’t necessarily placed in a layout that allows the operator to see all of the ones that they 

were responsible for. This was seen at GKN as the two operators together handled 15 machines 

of four different types. The machines could not be seen all at once from any point making it 

harder to monitor them. 

 

One-time orders or prototypes were tested in both GKN’s and in Case C’s production system. 

Case C could isolate machines from the line and use them with manual loading during 

operation of the other machines in the line. It was said that they usually made them in a special 

location for prototypes and that they want to keep their processing on site. Case B however had 

chosen to outsource volumes less than 5000. The Production system at Case C also had a 

greater divergence than GKN that indicated that they weren’t as affected by low volume series 

as theory states (Saxena, 2009, Sayer & Williams, 2012). One of the reasons why GKN didn’t 

chose lines were because they were unsure of the future of the gearbox M6 that were going into 

production. They didn’t want to dedicate a line if the gearbox would be taken out of production 

after just a short period. The modern line at Case C indicated that new technology can manage 

a great divergence and that small series aren’t as big of a problem for special equipment today. 
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Batch flow production systems can run other machines in the flow during setup of any machine 

or MTTR if a machine is broken. This is due to the intermittent parts that are stored between 

machinery in the batch flow (Bellgran & Säfsten, 2005 and Brown, 2000). Having intermittent 

parts is both benefits and disadvantages as the interviewee in Case C described. In their old 

production system they used stand-alone machines in a functional layout that allowed a lot of 

intermittent parts. As a result they had at one occasion 11 weeks of buffers before they were 

affected by a critical machine failure. This was one of the reasons why they changed their 

production system towards one-piece flow and lines where buffers where limited and low. 

GKN however used another solution to the problem, namely CONWIP. This allowed them to 

restrict the number of batches between processes by rails of a certain length where batches 

where lined up. The rails helped keep the batches in organized order according to FIFO. But 

seen during the observations, prioritized parts were allowed to pass the rails and continued to 

the next machine. This gave them a faster throughput time. However this resulted in long lead-

times for the parts that had to wait. The rails however allowed big buffers of intermittent parts 

but gave a controlled restriction of the WIP, as it was described that buffers could grow 

uncontrolled and made access in the work area difficult.  

 

Production can be scaled to demand in a batch flow production system (Brown et. al., 2000). 

As previously mentioned machinery can be added or removed, but can also be altered to 

produce faster or slower (Bellgran & Säfsten, 2005, Brown, 2000, Miltenburg, 2005, Saxena, 

2009). This can however be done at other production systems as well. Nevertheless it seemed 

like this had been considered more at the systems using lines as at Case C. They kept a 

smoother flow of material and kept their machines going rather than overproducing for buffer 

and then letting the machine wait. At GKN they hadn’t considered this and it could be seen on 

machines that stood still after overproduction with full buffers after them. Consequently, this 

allowed those operators to focus on 5S or wait until they could produce. Using batches results 

in work towards stock, as the parts are outputted several at a time. All the companies in the 

cases said that they worked towards order. However, even when one-piece flow was used it 

still resulted in some stock due to the size of the lot and because of the throughput time. This 

was because lot sizes needed to be kept at an amount that was acceptable due to setup. Batch 

sizes should also be small to keep the work towards stock at a minimal, but big enough to use 

the machines efficiently during setup of other machines. 

 

Batch flow gives the benefit of reducing the amount of set up. In addition the available time is 

high as multiple part of the same type of product is pushed through the machine before it can 

be changed to another product type (Abele, 2008, Carreira, 2005, Kazmer, 2009). This however 

gives a disadvantage if the fixed number of products in sequence doesn’t coincide with demand 

it would make the production system produce towards stock (Abele, 2008, Saxena, 2009). This 

was to be avoided as much as possible according to all the companies in the case studies. 

 

Batch flow uses quality control personnel to keep the quality of their goods and ensure that the 

dimensions are correct. At GKN the operators did some measurements close or next to the 

operations on workbenches, while quality personnel did more complex measurements at the 

control station. This centre was situated inside a room placed in the production area, close to 

the pinions. As the facility was large, the centre was far away from other parts production 

systems. As they didn’t have a signaling system at the control station it gave the operations 

irregular setup times. At Case C’s production system the measurements centre where close to 

the production lines. It was in contrast from GKN measurements centre, open in the 

manufacturer’s area and allocated to the production system, which was operated by the 

operators. The batch flow also creates hidden quality problems as several products are 
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processed at a time. It can lead to batches being processed with the same fault before the defect 

is detected. This was seen at GKN at a few occasions. At one occasion an entire order of 

several batches had been put through the end milling process with the wrong length cut off. 

This was as the operator at the first process had made a mistake and misread the measure and 

the defect was not detected until the next process and as the buffer allowed for up to 11 batches 

the entire order could fit. 

 

The ability to add or remove machinery mentioned earlier also gives the possibility to add or 

remove processes. This was seen at GKN were they had a drilling thread machine that was 

added for pinions with internal tread. This process can be added or removed when necessary. 

The lines at Case C had the possibility to exclude the already existing processes but could not 

add any processes to the flow, as the overlying robot or conveyor limited its length. However 

the conveyor could be extended to include more machines. At Case B they used industrial 

robots to feed the machines in robots cells. In these systems new machines could be added as 

the machines were somewhat stand-alone machines but in a line cell and the robot could move 

the parts any direction. So the limitation is the transportation system rather than the choice of 

flow or layout. 

 

Keeping track of the costs associated with the parts in a batch flow system can be hard 

according to theory (Guerindon, 1995) as they are shared and must be assigned. This was seen 

at GKN as parts could take any route through the systems machines. They however had a 

solution to keep track of the parts. The tracking was done by the computer program AXXOS 

that stored the process times and what type of product it was. It also kept track of downtime 

and available time. This made it easier to track the parts costs. At Case C they still used manual 

tracking and the same at Case D. They were however using one-piece flow.  

 

The workflow has a high probability to be poor according to theory (Abele, 2008, Fischer, 

2003) particularly if the batch sizes and are not optimal and if the machines productivity differs 

a lot. This was seen at GKN were some workers were at times very busy while others were 

idle. The workflow can be improved by scaling the productivity, keeping as low batch size as 

possible and restricting the buffer sizes. This should also lower the workload and stress of the 

affected employees at the bottleneck machinery. Batch flow can, according to theory (Abele, 

2008, Fischer, 2003) be de-motivating for the staff. This was seen at GKN as some were 

concerned about their own area of responsibility and work and not of the production as a 

whole. The reason for this was probably the buffer sizes that isolated them from the rest of the 

flow. 

 

The batch flow systems are according to theory (Guerindon, 1995, Sinha, 2008) often very 

physical but seen at the cases of the thesis the overall trend is to automate as much as possible. 

The only physical act at the batch flow of GKN was to transport the tray-stacks between the 

machines in comparison with the alternatives with one-piece flow. But seen at Case C and Case 

D the pieces were one by one fed manually into the machines. Comparing this to the 

transportation of batches, which only had to be done every 64
th

 piece seemed like less physical 

work. As production systems become more automated this factor can be eliminated and 

otherwise it’s not necessarily connected to batch flow.  

 

The batch flow should require more workers according to theory (Abele, 2008, Miltenburg, 

2005, Saxena, 2009). However, it was discovered that the workforce requirements were 

connected to the choice of layout, charging system and the frequency of the charging. Manual 

charging required more attention of the operator and stand-alone machines and one-piece flow 



61 

 

required this to be performed more often. It was seen that the lines at Case B and Case C 

required one to two operators for about four machines per line, which was almost the same at 

GKN. They needed five workers for a total of 21 machines at soft processing which gave about 

four machines per operator. At Case D, it was found that they used more personnel than the 

other cases with 9 operators for a total of 19 machines. This gave Case D about 2 machines per 

operators and this was probably due to the requirements of the manual feeding system. As the 

machines that one operator is responsible for can be of the same operation type in a stand-alone 

machine layout they may require setup at once, while they belong to the same flow. This was 

seen GKN where several machines required the operator’s attention and gave the machines 

longer setup time. 

5.2.2 Benefits and disadvantages with one-piece flow 

In theory (Dirgo, 2006, Graham-White, 2007, Liker & Meier, 2012, Middleton & Sutton, 2005, 

Sayer & Williams, 2012, Sinha, 2008) one-piece flow has the ability to detect defect parts 

immediately, usually at the next station. The interviewees at the cases that used one-piece flow 

confirmed this as expected. There was however always some buffer as seen at Case C where 

parts were pulled towards the machines. The buffer was needed after the processes to cover for 

setup, as explained in the one-piece trap (section 3.4.1.1). This gave room for a limited number 

of defect parts to occur until the parts reached the next machine. This limitation lowered their 

inventory of WIP and gave them a short lead-time and fast throughput time. The limited WIP 

however meant that the line would stop if material would fail to be delivered. One-piece flow 

should give fast changeover times this was seen at Case C as the line had one setup at a time 

during their flying setup. This was observed at Case C as the line had one setup at a time during 

their flying setup. It allowed the operator to focus on that machine compared to GKN, where 

several machines could need setup at once by one operator. The flying setup meant that 

production didn’t stop at the line as stated in theory (Brown et. al., 2000).  

 

It was observed at the case companies utilizing one-piece flow that they had small lot sizes, 

which gave them flexibility as the choice of what product type they needed to produce came up 

more frequently. This way they could schedule later and still deliver on time. It was found that 

the lines required less management in form of operation order and priorities of WIP and not 

necessarily one-piece flow. As Case D used one-piece flow in their stand-alone machines they 

still required a lot of management to handle this. 

 

Jobs are supposed to be eliminated with the use of one-piece flow (Guerindon, 1995). 

Nevertheless it was found that the work was basically the same for the different types of flow. 

However, it was observed that transportation jobs were eliminated with the use of lines. Easy 

cost tracking in one-piece flow was indicated as the tracking was still done manually at the case 

companies that used this flow. More explicit it was as these systems dealt with the parts one at 

a time and not several at a time as with batch flow and because the parts route through the 

machines was fixed. As the route is fixed the system is more predictable and easy to manage as 

no scheduling though the system or reordering of the parts needs to be done (Guerindon, 1995). 

As no reordering is done, it requires less interaction in the form of transports. However this all 

requires the one-piece flow to be in a line layout otherwise these benefits still has to be dealt 

with as at Case D. They used one-piece flow in their stand-alone machines but transported in 

collected lots afterwards. This allowed different paths, meaning that the route was not fixed. 

These benefits are then connected to lines but together with one-piece flow. The disadvantage 

of not being able to change the order of the machines is if one machine breaks down and isn’t 

available for a longer period of time. Parts can then not continue the processing in other 
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machines and thereby stopping the production and setting higher requirements on reliability of 

the machines (Kazmer, 2009). 

 

One-piece flow has according to theory (Burton & Boeder, 2003, Dirgo, 2006, Liker & Meier, 

2012) fewer non-value adding activities such as buffers and transport. This was found to be 

true if the machines are connected in lines as at Case C. At Case D it was found that there 

could be intermittent buffers between the machines as at GKN that required several non-value 

adding activities including decision-making. The machines at Case C were scaled to each other 

to create the smooth flow needed for one-piece flow in a line and had fast transferring between 

the machines. This achieved better utilization of the machines and made production timelier, 

than the machines at GKN. However having the machines connected and only having one 

loading point meant that parts could not be reworked. It also required materials to be of a high 

quality, as they could not be delivered to another machine as at GKN that had machines 

capable for material divergence. Scaling the machines is also necessary to create as little work 

towards stock as possible (Liker & Meier, 2012; Monden, 2012). This was also achieved by the 

small lot sizes that were used at the companies that used one-piece flow. Beside this, the lot 

sizes were also small as the parts were large and cumbersome. Some work towards stock was 

however always attained as production was scheduled in advance. 

 

The hard processing line at Case C and some of the lines at Case B had great visibility of the 

machines but also good visibility of the operators. This was however not seen at the one-piece 

flow at Case D, as the machines were not lined up and obstructed the view, similar to GKN 

with their batch flow. This visibility seemed to be connected to the lines rather than the type of 

flow. It was however seen at the soft processing U-shaped line at Case C that machines in a 

line could obstruct the view if not placed right. It was also seen at GKN in some sections that 

this benefit could be achieved in batch flow and stand-alone machines; this suggested that the 

visibility could be improved with a better layout. 

  

In the one-piece flow that used lines the operator was responsible for the throughput from start 

to finish. This seemed to motivate the operator and improve morale. At the stand-alone layout, 

it seemed, that the operator were more concerned about his or her own station. It is stated in 

theory (Guerindon, 1995, Liker & Meier, 2012) that operators are motivated to respond to 

downstream errors and work as a team in a one-piece flow production system. As the operators 

where concerned by their own station at the stand-alone layouts it may indicate that operators 

at the lines would not stop their work and help at a line downstream as it might not be directly 

connected. This was seen at Case C where buffers where collected before hardening, which 

separated the soft from the hard processing lines. However, while the lines at the different 

departments where alike and next to each other the operators could help at any machine at the 

other line. The operators were also responsible for the quality of the parts, and they had 

equipment nearby to control measurements. However this was seen at GKN as well but they 

also had a control station for more complex measurements. 

 

It was found that safety was improved when lines where used as it limited the manual handling 

of material and couldn’t directly be connected to one-piece flow as material could be handled 

in the beginning and in between processes as seen at both Case B and Case D’s production 

system. It was also observed that the lines gave a more compact design especially the 

production system at Case C’s hard processing line. This line however used more vertical space 

because of its overlying robot, than the other solutions that used a conveyor or industrial 

robots. The overlying robot also gave more accessibility to the machines and the buffers were 

hidden in containers above eye level, which only made the products in the machines visible. 
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The lines that used conveyors, industrial robots in their lines or the stand-alone machines that 

used conveyors at Case D were less accessible then the overlying robot. They were also less 

accessible then the stand-alone machines at GKN. This is because the conveyors and the 

industrial robots needed to be fenced in for safety. As these robots shared the floor space it 

limited the access to the machines and with the use of conveyors came the problem with length 

as parts had to be buffered in a row. It was observed that this resulted in unused space that 

where inaccessible.  

 

At Case B and Case C they had areas that were single purpose gathering places for the 

personnel to hold meetings about the production and to discuss improvements. At GKN this 

was also seen to a slighter degree as they had a board with information. However this was not 

found to be specific for one-piece flow, as Case D didn’t have any improvement area besides in 

the assembling department. This seemed to be more affected by how much the companies were 

willing to invest on improvements in interaction with the operators and how far they had come 

rather than the type of flow.  

 

According to theory (Guerindon, 1995, Saxena, 2009) pallet loading is the only manual job, but 

at Case D they used stand-alone machines that required transports between machines and 

loading and unloading for every machine. However at Case C this was accurate as they used 

lines, but at Case B this factor had been eliminated as well, as they used industrial robots to 

load the machines. 

 

During the observations it was seen that one-piece flow and batch flow could need the same 

degree of specialist manpower. It was however determined through the case studies that stand-

alone machines and lines differed in specialist manpower. At the stand-alone machines layout 

the operators could operate one or several machines at once and were experts on those 

machines. At the companies that used lines the operators always needed to know how to 

operate several machines. For example, Case C used a knowledge based salary reward system 

to motivate the operators to learn more machines. But as specialist manpower is required at the 

lines absence becomes a problem. 

 

The hard processing lines at Case C were mentioned to very expensive and this gave them a 

higher break-even point. However it was seen that they used very similar machines to the ones 

at GKN for their processing and not special machinery. It was observed that the machines 

could use both one-piece flow and batch flow. The major differences were the charging system 

and way of transports. As the charging systems at GKN were said to be expensive, as they were 

more complex compared to the ones used at the observed lines, it means that one-piece flow 

doesn’t necessarily give a higher break-even point. 

 

One-piece flow was according to the theory (Liker & Meier, 2012; Monden, 2012) hard to 

realize due to the criteria stated in section 3.3.1.1, but also because there are no buffers of 

inventory to hide behind (Kazmer, 2009). This was confirmed by the different cases as none 

had fully created one-piece flow. Case C had come the furthest in this quest but still had buffers 

between the machines. It was also said that the hardening process disrupted the production 

system as it took a long time and as buffers were created ahead of it. 

 

The production was standardized at the companies that used lines, as it could not be easily 

changed. Case B also tried to standardize their products to minimize variation. However Case 

C had a great divergence in its products, the same can be said for Case D. Case C stated that 
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they didn’t plan to standardize their products and that the demand directed how many products 

were in production. 
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6 RESULT 

In this chapter the result are presented in regard of the research questions and the 

consequential decision process mind map as support for developing a production system that 

was the aim for this thesis. 

 

6.1 Research questions 

The following is the result of the research questions: 

 

 What are the benefits and disadvantages with batch flow and one-piece flow principles? 

The result of this question is found in section 6.1.1. 

 What are the most crucial factors that determine the choice between these production 

systems? 

The result of this question is found in section 6.1.2. 

6.1.1 Benefits and disadvantages with batch flow and one-piece flow principles 

There were many benefits and disadvantages associated with the different types of flow. Many 

of the theoretical statements in table 2 and 3 were found to be true while others were found to 

be untrue due to various reasons. 

 

During the case studies it was found that the flow could be used with different layouts and that 

some of the benefits or disadvantages could therefore be true for both of the types of flows. 

This was therefore added to the statement if it was related to the layout or removed from the 

statement if it was found to be a benefit or disadvantage for both types of flow. 

 

Table 7 shows the benefits with the connected disadvantage and directly disadvantages with 

batch flow, which was found and confirmed through the work of this thesis. 

 
Table 7 Batch flows benefits and disadvantages 

Batch flow 

Benefits Disadvantages 

Batches can reduce costs of manual transports and 

make them less frequent. 

Batches can reduce the usage of an automated 

transportation systems and making it over capable 

and not utilized enough compared to its investment.  

Batches reduces the need for space in buffer areas 

when there is a need for large buffers and for the 

equipment that charges the machines, as several parts 

can be stored on top of each other. 

The number of batches should be constrained in order 

to not invest too much in to many containers. It 

should also be restricted to minimize unnecessary 

space usage for both WIP and unused containers. 

Capacity can easily be added or removed in form of 

new machinery in a stand-alone layout. 

Many decision points that rely on operators. 

Disconnected machines give the possibility to use 

whichever machine available. 

Put a lot of responsibility and reliability on the 

operators’ judgment and requires complex scheduling 

systems. 

  Hard to track costs as they are shared and most be 

assigned. 

  Hides quality problems, which can lead to batches 

with the same fault. 
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  High probability of poor workflow particularly if the 

batch sizes are not optimal or if there is a big 

difference in productivity by each operation in the 

process. 

Intermittent parts in production to let prioritized pass 

the system faster. 

Long lead-times for waiting WIP as they stand still. 

Interchangeable order of production processes, allows 

different flow in production. 

Raises the possibility for unfinished parts to pass 

though the system. 

  Investment in work-in-progress as batch flow often 

result in the build up of significant intermittent stocks 

that takes a lot of space if not controlled. 

Labor requirements are potentially reduced when 

working on a single piece of machinery in a stand-

alone layout using batch flow. This allows one 

operator to work on several machines. 

It’s hard to monitor and manage the machines, as 

they aren’t necessarily placed in a layout that allows 

the operator to see all the machines that they are 

responsible for. 

  Potentially de-motivating for staff because they can 

become isolated of the buffer sizes 

  Requires quality control personnel and can give 

irregular setup times if a signaling system is missing. 

Rather than needing to replace an entire production 

line, a single process among many can be changed 

based on production needs. 

Many decision points that rely on operators. 

Batches limits the number of setup and gives high 

utilization  

Production is resulting in producing towards stock 

rather than order 

Scaling to demand is possible Overproduction results in waiting 

 Several machines can need setup by one operator at 

once 

Stand-alone machine that is often used with batch flow 

gives free sequence and route of products and add 

additional machinery to a machine group, as lines 

don’t connect them 

Requires management, support and specialized 

transportation of goods. 

 

 

Table 8 shows the benefits with the connected disadvantage and directly benefits and 

disadvantages with one-piece flow, which was found and confirmed through the work of this 

thesis. 
Table 8 One-piece flows benefits and disadvantages 

One-Piece flow 

Benefits Disadvantages 

Builds in quality, as it detects defects immediately, 

usually at the next workstation, forcing immediate 

corrective action. 

Some buffer is always needed, which gives room for 

a limited number of defects to occur at once 

Changeovers is shortened  

Costs are easy to track  

Creates a predictable system if used in lines Can not rework goods if used in lines 

Easy management due to less interaction and 

reordering  

If a machine breaks it stops the production and parts 

are trapped, as they can't take another route. This 

makes the flow inflexible as variations in the 

processes can't be changed 

Fewer non value adding activities (buffers, transports, 

decisions) 

 

High equipment utilization Equipment must have very high uptime 

High visibility of staff that is too busy or idle.  
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Improves flexibility as orders can be scheduled later 

and still be delivered on time. 

 

Improves morale. Employees want to do good work 

and see progress. They want to be involved and solve 

problems in a fun and dynamic workplace.  

 

Improves safety if used in a line (limits heavy lifts, 

pallets or containers of material) 

 

Improves the use of space as one-piece flow equipment 

can be designed more compact 

Can make machines less accessible 

Leadership time and effort: Team takes ownership of 

work and sticks to agreed rules of working. Any issues 

affecting system performance are immediately 

obvious. 

 

 Machine reliability must increase 

Management can focus more on quality and cost when 

used in a line layout 

Materials most be of the same specification and 

quality 

   

One-piece flow creates a connected flow because one 

product is moved from step to step with essentially no 

waiting (WIP). 

Buffers are required between machines to 

compensate for downtime 

  One-piece flow is hard because one cannot hide 

behind the buffers of inventory. 

Operators are responsible for quality  

Operators gives a machines setup their full attention   

Problems are evident when flow stop  

  Processes must be able to be scaled to tact time, or 

the rate to customer demand. Otherwise it can lead to 

working toward stock and possible storage 

  Process times must be repeatable. Too much variation 

makes one-piece flow impossible. 

  Production tasks most be standardized if used in lines 

Production is more timely  

Reduces inventory. Many of the wastes with batch and 

queue is reduced (motion, transportation and waiting), 

with increased productivity as a result. 

Material most be delivered on time 

Requires specialist manpower Absence may become difficult, as the workforce 

needs diverse skills. 

Shorter lead-time and throughput time   

Small lot sizes gives the choice of which product type 

to produce more frequently 

  

6.1.2 Crucial factors for development of the production systems 

During this thesis work, there have been some common factors in the theory as well as in the 

empirical findings, which can be interpreted to determine the choice between the production 

systems. The most essential factors affecting the choice are Manufacturing Strategy and the 

Economial factors. The other factors are also involved in the decision process and cannot be 

neglected, but have less importance compared to the two first.  

 

Manufacturing Strategy 

“Manufacturing strategy can be considered as the pattern underlying the sequence of decisions 

made by manufacturing over a long time period” (Milenburg, 2005). 
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In many companies the manufacturing department has a hard time to deliver what the company 

needs in order to being successful. The reason for this is mainly the increasing customer 

demands and competitors´ capabilities. Another is the fact that many companies have outdated 

production equipment and facilities (Milenburg, 2005). The only way for manufacturing to 

meet the high market expectations is by restructuring itself, and makes improvements by 

increasing the manufacturing capabilities, which could include reconsidering their production 

system. Considering this, one can conclude that a well-defined Manufacturing Strategy is the 

ground on which the other factors depend on. Companies have to evaluate where they stand 

now and decide where they want to be in a longer time of period in order to remain 

competitive. The manufacturing strategy will aid companies to make structured well-defined 

decisions and to avoid costly mistakes. 

 

Economical factors  

The most crucial factor besides the Manufacturing Strategy, for all companies determining the 

choice of production system is the economical factor. The global competition and the 

increasing Time-to-market require more efficient production systems able to handle changeable 

conditions. If a company wants to remain competitive and be at the forefront of the 

developments, it most certainly has to consider the performance of the current production 

system. If the production system is not economically viable enough, there should be a well 

structured manufacturing strategy that guides the company’s management in making all 

necessary modifications in order for gaining efficiency and competiveness of the production 

system. 

 

It can be concluded that manufacturing industry changes quite slow, while the market changes 

rapidly. This means that the company’s management has to be planning in a long-term 

perspective and try to predict the future state. One has to have in mind that changes regarding 

facility layout, investments in new machinery and personal competence is costly for the 

companies. Therefore, they have to make sure that the chosen production system is the 

appropriate one for them, based on as much information as possible. The basic step for a 

company should be to predict the future demand regarding production volume and divergence, 

which are the basic set of conditions determining the choice for the production system. 

 

As seen in the theory chapter, high volumes and low customization calls for equipment 

developed for a fine range of products or tasks, which enables efficiency. The advantage for 

this kind of setup is the low variable cost. The fixed high initial cost associated with 

investments in equipment is regarded as a downside. However, if the annual produced volumes 

are getting high enough, the fixed cost can be distributed over several units, paying of the high 

initial investment costs. Meanwhile, low production volumes and high customization are 

associated with inexpensive and flexible general-purpose equipment. This means that the initial 

investment in equipment is low making the fixed costs small. But, the variable costs are high, 

and because of the low volumes the total variable costs cannot be overcome with the low initial 

fixed cost. 

 

General-purpose equipment was found to be the most common type of machinery mainly 

because it is cheap. As for GKN, the low initial costs were one of the main reasons for 

choosing this kind of equipment in its production system. However, as earlier stated, the same 

type of machinery seemed to be used for both batch flow and one-piece flow, with different 

feeding and transportation of products. 
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When companies are considering these two alternatives of equipment they should recognize the 

break-even point, which occurs when the total costs for each and every alternative are equal to 

the generated income. If a company doesn’t expect to sell more than the break-even amount, 

the capital investment in special-purpose equipment is not economically reasonable. 

 

There are other economical factors to consider while running a specific production system. If 

the choice for a company is batch flow, then there should be an aim to minimize the costly WIP 

related with the production system. Having WIP that covers for production disturbances such 

as machine breakdowns is still regarded as waste that adds on costs for the company. The WIP 

along with other wastes related to batch flow such as motion, transportation and waiting, would 

be greatly reduced with one-piece flow and its principals. 

 

Production planning and control 

It was found through the case studies that transportation and level of automation was connected 

to the way of transport and the degree of automation. The way in which products are 

transported within the different production systems set restrictions to the flexibility. One-piece 

flow is associated with connected lines, which give a high efficiency and rapid throughput 

time. Lines however restrict the degree of flexibility because the sequence of operations is 

fixed. At the same time, one-piece flow reduces manual transportation between operations 

when using connected lines. This is because the products are moved on conveyors or other 

automated alternatives. Having less interaction from manual transports and less degree of 

human interaction in form of especially decision points lowers the demand on production 

planning. 

 

A company may find it more economical to use automation, but it also makes things easier for 

the operators, as they don’t have to move heavy components around the facilities and do not 

have to do critical decisions for the production. However, when using batch flow the total 

transportation cost and transportation time is spread over several units, which reduces the total 

production cost for manual transportation. For companies that produce heavy components, the 

transportation become even more important. Equipment has to be able to handle the heavy and 

ungainly products, and the space is often limited. Using batch flow is almost impossible in 

these cases, because of the size of the components would require too much space for storage 

between operations. 

 

It was found that if batch flow was used, the size of the batch should be kept at a minimum and 

the buffer sizes in all types of production systems should work towards the JIT principal. It was 

also found that buffers should only be kept for necessary and repeatable stops in the production 

system. Having low buffers decrease the need for rescheduling of intermittent parts in buffer. 

Also the work of making straight flows was important as it was found in the case study to be 

another step in achieving an effective production system as decision points for the operators 

were further removed. 

 

In comparison to the other Case companies, GKN’s components were small. This meant that 

batch flow was easier to implement due to the possibility to store the products between 

operations without taking up all floor space. Having the parts in batches gave them a high 

degree of flexibility. The downside was however the level of manual transportation between 

operations. Also, the high costs for the baskets needed for storing and transporting components 

should be considered as a disadvantage for their batch flow that they called basket model. 

These negative aspects were of course considered, when GKN choose the current production 

system, but were overshadowed by the flexibility they would gain. Having the parts in batches 
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set demand that the batch size should be balanced to an optimal size to keep buffers low it was 

however found that the size was also a question of ergonomi. This was as the batches were 

handled manually. 

 

It was found that WIP was a bigger problem in the production system that used stand-alone 

machines and GKN suffered more form the problem because of the batch flow. Therefore it is 

important for the companies using stand-alone machines to limit the number of batches in 

production and work towards a just-in-time system. GKN used the rails on the floor to limit the 

number of batches in the system according to CONWIP, kind of like a kanban solution. 

However, the rails on the floor were long and the number of batches in the buffers varied a lot, 

but was seen as a good first step towards the JIT principle.  

 

Flexibility and capacity 

One thing common for all companies is that they want the ability to respond quickly to market 

demand. The volumes as well as the divergence are changing, so there has to be a degree of 

flexibility in order to being able to handle the situation. The current production system has to 

be evaluated regarding capacity. Is the production system giving the maximum output possible 

and needed, or has it to be modified in order to enhance performance. 

 

When using one-piece flow the company gets a faster production system, meaning shorter lead-

time, than in batch flow. This means that they can wait longer to schedule an order, and still 

being able to deliver on time. Consequently the ability to respond to last minute changes form 

customers increases. However, one-piece flow has fixed positions regarding operations, which 

restricts the flexibility in choosing different process and material flow compared to batch flow 

where flexibility is very high. In addition, batch flow enables the possibility to add capacity 

(new machines) if needed, because there are no connected lines between operations.  

 

Companies, such as GKN, that has chosen the batch flow set high value on this flexibility 

issue. Furthermore, companies using batch flow emphasized the high utilization compared to 

one-piece flow where machines are restricted to what the subsequent machine is able to 

perform. However this advantage must be handled with care, because WIP is likely to build up 

between operations that haven’t got matching process times. 

 

Also, batch flow allows the company to store intermittent products between operations, which 

enable running the production during setup and machine failure. This could be regarded as a 

benefit, but the level of products might end up covering up for hidden defects in the process. 

This was the case for Case Company C, where one of the reasons for changing over towards 

one-piece flow was the fact that they had 11 weeks of buffer covering before affected by a 

major machine break down. 

 

At Case Company C, where they were using one-piece flow, they had even higher utilization 

than at GKN. This could indicate that machines were better optimized to match each other 

regarding processing times.  

 

One of the reasons why GKN chose batch flow (basket model) in the first place was that they 

considered it to give them the ability to handle more variants while no lines were connecting 

the machines. This is of course reasonable because when using lines, introducing a new product 

usually means that an entire line must be rebuilt. Considering that Case Company C had more 

variants could question this statement. However, at it seemed GKN had greater divergence 

regarding size, which could complicate things and was best, handled by batch flow. 
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The size of the product seemed to determine the choice of production system to some extent. 

As for Case Companies B, C and D, it would not make any sense using batch flow because of 

the big components they were producing would take too much space. 

 

An important factor that the companies seemed to put a lot of emphasis on when choosing 

production system was the flexibility needed for time-consuming operations. GKN and Case 

Company D used stand-alone machines, meaning no lines were connecting the operations. This 

way they could handle the time consuming operations, such as hardening or spline rolling by 

covering up for them with buffers. Case Companies B and C were using one-piece flow and 

lines, but still had to struggle with the hardening process that took place in the middle of the 

processing stages. Buffering up before the operation, which meant that one-piece flow was not 

used to the full, had solved this issue. One-piece flow was regarded as almost impossible to 

manage with the hardening technique available at the time. 

 

Production volume, variants and trends 

The most fundamental aspects companies consider when choosing a production system is what 

volumes they will produce and how many variants they will have in house. The theory suggest 

following decision rule: 

 

 If n is the number of different products, and P is the number of units produced per hour: 

 

 If 1 ≤ n ≤ 5 and 1 ≤ P ≤ 1000 then use the line flow production system. 

 

 Else if 5 ≤ n ≤ 100 and 1 ≤ P ≤ 50 then use the batch flow production system. 

 

 Else if 100 ≤ n ≤ several thousand and P ≤ 1 then use the job shop production system. 

 

In addition, one-piece flow can be applied whenever batch flow is considered appropriate 

(Miltenburg J., 2000).  

 

The theory also specifies that when you have multiple products and volumes are low to 

moderate, batch-flow should be implemented. Process characteristics indicate somewhere 

between moderate divergence and line. This means disconnected line flow with moderately 

repetitive work should be implemented.  

One-piece flow should be the choice if you have multiple products and volumes are low to 

moderate, but the process characteristics indicate more line than divergence, meaning there 

should be connected lines with highly repetitive work. 

 

During the work of this thesis it could be concluded that the Case companies had chosen 

somewhat appropriate production systems for them, regarding to product variety and volumes. 

 

According to the decision rule and the Product-Process Matrix (Figure 5.) all Case companies 

should realize line flow production system or one-piece flow, based on their production 

volumes and product variety.  

 

Case Companies B and C had chosen this kind of production set up, where they already 

implemented one-piece flow as far as possible and still strives to improve it. The reasons for 

them to choose this was to get high efficiency and minimal waste and for being able to rapidly 

respond to market changes. 
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Case Company D had one-piece flow, but the difference where that there were no lines 

connecting operations, and they used stand-alone machines. They had only implemented one-

piece within the machine cells. However, they wanted to improve this by bringing machines 

closer to each other and striving for more straight lines for production in order to get more 

efficiency and less waste in production. 

 

GKN had previously chosen to change their production system from one-piece flow and lines, 

to batch flow (basket model), because they considered the one-piece flow to restrict the 

flexibility regarding product variety and material flow and management of time consuming 

activities within the process. They could probably use one-piece flow as well as batch flow, but 

the flexibility factor overcome the advantages associated with one-piece flow, such as low WIP 

level and short lead-time. The flexibility has also made them prepared for a greater divergence 

in products but also to be able to add additional processes for future demand also seen in their 

trend as more costumers are added and new variants of existing are developed. 
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6.2 Decision process mind map as support for developing a production system 

 

In figure 3 the process steps of developing a production system is seen. The found material of 

this thesis work should be used in the process of creating solutions that are fit for the 

production systems requirements. This places the decision support from the functional 

requirement to the chosen solution process in the development process shown in figure 20.  

 

 

 
Figure 20 Placement of the decision process mind map in the development process 

 

The mind map consider factors that evaluate the production system based on the most crucial 

factors that came forth during the work of this thesis, see section 6.1. It should be used as a 

guide when developing a production system to make the development more systematic. The 

factors can be seen in figure 21. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21 Using the decision process mind map  

 

The decision process map is a method for visually emphasizing the crucial factors affecting the 

choice of a production system. This map should facilitate for the companies when needing 

decision support regarding choice of an appropriate production system for them. Based on the 

market demands as well the company’s own goals and requirements on the production system, 

each factor should be systemically considered and thoroughly investigated in order to make 

structured decisions. If any of the crucial factors presented in Figure 21 should be neglected 

due to various reasons, the chosen production system may not be suitable for the conditions 

under which the company operates. The important part is that each company should evaluate 

the current situation and performance of the production system in order to take the necessary 
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steps, based on individual requirements, to gain competitiveness and to adapt to the market 

situation.  

 

By using this decision map companies can proceed more structurally in their decision process 

and avoid hasty and wrong choices. As previously addressed, manufacturing changes slowly, 

while the market is very unpredictable with rapid changes. The need for correct decisions based 

on relevant information is highly important for the companies, because an improper production 

system would mean poor performance leading to economic losses. This decision process mind 

map facilitates the decision process by stressing the most crucial factors to be considered when 

companies are in the process of changing production system. 

 

6.2.1 The process of decision 

As seen in figure 21 the process is circular, this represents that the factors can’t be used 

individually or independently from each other as the information and underlying decision 

material used in one factor is based on the other factors. The different sizes of the circles 

represent the importance of that factor as some were found to be more crucial than others. 

 

The first factor to deal with is the company’s manufacturing strategy. This is to find what it 

states about the flow that should be used in the production system. It can be seen in figure 21 

that this is the central focus when developing a production system and the size in the figure 

symbolizes its great importance. It was found that the companies in Case B and Case C that had 

their own philosophy to guide the production systems. The strategy was in these cases very 

important and valued high. This should be apply at every company’s development process, as 

the strategy can be a goal that the company strives for to reach, in order to become experts in 

that specific field. When creating a manufacturing strategy and the aim of the flow, it has to be 

formed after the need for the production system today but also for the future. If the production 

flow is not correct and prepared for the future, the company can find themselves in trouble later 

on as production system has a slow changing process, which can take years or decades to fix. 

 

If there is a current production system, then the system has to be compared to the 

manufacturing strategy to assess how much it differs from the goal. There should also be a 

clear vision of what the steps are that has to be taken in order to meet the company goals and 

requirements. This should be done as groundwork in order to make an appropriate concept. 

Included in this work, there should also be an evaluation on how restricted the production 

system should be in deviation from the manufacturing strategy based on individual 

requirements and situation. As seen in Case A the production system deviated a lot from the 

general use of flow within firm globally due to specific needs. 

 

 Form a manufacturing strategy that will become the goal. 

 The manufacturing strategy has to be prepared for future need. 

 Evaluate how the much the current production system differ from the goal. 

 Make a plan in steps, in order to achieve the goal. 

 Specify how much the production system can deviate from the goal, due to individual 

requirements. 

It was found that the economical factor was as important as the manufacturing strategy as seen 

in figure 21. From the economical perspective the current system has to be assessed on how 
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much of a change the company is willing to do. It is also important to know how big 

investment that is allowed and thereof the budget size. To save money current equipment and 

machinery should be evaluated to see what could still be used but also to see if the machinery is 

outdated and if there can be a better solution. Furthermore, it is important to develop different 

solutions of the different types of flow in the concept phase. This is as the more concepts that is 

evaluated, the more certain it will be that the chosen concept is the correct one.  As was seen in 

the case studies the flow types could use the same layout and share benefits and disadvantages. 

This implies that the concepts should be evaluated in comparison to each other to assess if any 

benefits can be copied into another concept. Doing this might make another concept more 

beneficial. Moreover it is also important that evaluation is done of as many different solutions 

as possible during the concept phase. This is as it needs less investment and it is easier and a lot 

faster to change than an entire production system that is up and running.  

 

 Evaluate existing machinery, what can be used and what is outdated. 

 Create as many different concepts as possible. 

 Copy benefits from different solutions even between different flow types. 

In the end it is often the economical factor that guides the choice therefore it is important to ask 

two questions:  

 

 What is the cheapest solution that gives the best benefits?  

 When is the break-even point achieved?  

It is in these questions vital to acknowledge nonmonetary benefits as well, as they can make a 

difference in the long term and keep the moral up amongst the workers. 

 

Apart from the two first major factors the three other factors was still important as they are 

somewhat included in the first two factors. They should almost be considered as the 

fundamental factors for the two most crucial factors. Therefore they are represented as smaller 

in figure 21. Also as seen in the headings of the factors, they actually consists of two or three 

sub factors but has been summed up in one larger factor to be more accommodative. 

 

It was found that the level of automation and transportation affected the production planning 

and control factor. This is as less interaction from humans and fewer manual transports create 

fewer decision points. And as many actions in a production system can be done automatically 

in every alternative solution, this should be strived for as far as possible to take away manual 

jobs from the operators. In some cases it is especially essential as the work can be unhealthy or 

dangerous for the operators. 

 

In the flexibility and capacity factor, the flexibility of the system has to be evaluated in 

comparison to the volumes, divergence and trend to evaluate if the production system can 

produce the products economically. The ability to add, remove and alter operations also has to 

be considered. This in the end becomes the decision if the flow should run though stand-alone 

machines or in a lines. Batch flow is preferable for stand-alone machines to reduce transports 

and one-piece in lines to utilize the transportation equipment. The ability to add and remove 

operations also includes capacity. If the company sees that capacity needs to be able to increase 

fast and that the operations are not standardized, then stand-alone machines can be preferable 

even if the volumes and divergence suggests one-piece flow and line. 
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The volume, divergence and trend factor should be evaluated in order to get give a rough 

assessment on what the production system should be aiming for at the moment but also to 

forecast what the divergence and volume are going to be in the future. The forecasting is done 

in order to avoid big investments in unsure products. It can in general be said that low volumes 

and great divergence leads to batch flow and the opposite to one-piece flow. 

 

6.2.1.1 Guidelines in development 

Apart from the decision process mind map the following guidelines was found. These 

guidelines should be considered when improving a production system. The guidelines were 

partially derived from the analysis of benefits of the different production systems and partially 

from the analysis of the observation of the cases. The guidelines were also later used to find 

improvements for the production system at GKN presented in a separate company report. The 

following is a list of the found guidelines: 

 

 Balance the number of machines at each process to create as few decision points as 

possible. 

 Create as visible flow as possible so all machines and personnel can be overviewed to 

make possible improvements easier to detect. 

 Create clear material flows. 

 Create clear predetermined sequence of operations. 

 Machinery can run both One-piece flow and Batch flow. 

 Make as many stops as possible coincide with setup to minimize downtime, such as 

maintenance and tool change. 

 Make flying setup to minimize downtime. 

 Restrict buffers after the processes to cover for maximum length of setup time. 

 The chosen layout and charging system combined with the flow determined the 

required attention of the operator and how many machines they could operate. 

 

In addition to the factors, the guidelines that were found during the work of this thesis should 

be considered. It is also important to be aware that many of the benefits with the different flows 

can be mimicked in some way to further increase the production systems effectiveness. 

Working with the crucial factors in a systematic way leads to better and more competitive 

production systems within the facilities throughout the organization. Furthermore, working 

with the crucial factors and considering the benefits and disadvantages should improve the 

resulting production system in: 

 

 Fewer points of decision. 

 Shorter throughput time. 

 Visible and clear flow. 

 Long-term solution. 

 A plan to get to the goal with the production system. 
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7 CONCLUSIONS 

 

The purpose for this thesis was to examine which were the benefits and disadvantages with 

batch flow and one-piece flow and try to determine which factors were the most crucial in the 

choice between these two production systems. 

 

It can be concluded that during this thesis work these topics have been thoroughly investigated 

and the result and analysis presents a ground on which a valuable decision process mind map 

can be built. 

The theoretical findings were unanimous regarding the benefits and disadvantages with the two 

production systems. Some of the benefits were shared between them, and some were 

considered both as benefits and disadvantages depending on from which point of view one 

looked. It was found that some benefits and disadvantages were connected to the layout rather 

that the type of flow. Easily put, the biggest benefits with one-piece flow were the short lead-

time and limited WIP, while batch flow promoters emphasized the high level of flexibility 

regarding material flow, possibility to add capacity and low production disturbance sensitivity.  

 

Almost every theoretical source promoted one-piece flow as the most beneficial production 

system compared to batch flow. This however can be associated to Lean production 

philosophy, where companies strive to cut back on every single possible waste in order for 

gaining efficiency and competitiveness. Also, it could be concluded that companies were 

encouraged to implement one-piece flow, as it seemingly was the future production system, 

without even questioning its down sides. There should be an individual evaluation at every 

company concerning the need for a specific production system. The production system 

appropriate for one company doesn’t necessary gives the same desired output for some other 

company. The authors promote that the production system should implement benefits from 

both types of flow but should in the end individually adapted to the company’s requirements. 

 

It could be determined that there was a need for a decision process mind map in order for being 

able to choose the appropriate production system. Even though the benefits and disadvantages 

were easily assessable and the level of knowledge regarding these was quite high at the Case 

Companies, the crucial factors determining the choice of a certain production system had to be 

emphasized. These factors contributed to the decision process mind map, which would 

facilitate for the companies when considering their current production system and the possible 

change to another. 

 

The crucial factors determining the choice of bath flow or one-piece flow were at first 

generated through theoretical findings. However, the greatest contribution to the decision 

process mind map came from the Case studies. These factors were based on events that had 

occurred at the Case Companies making it even more interesting. There for it could be 

concluded if the decisions were correctly made, meaning based on relevant factors compared to 

theory, and if they had the desired effect.  

 

The foremost reasons for choosing a production system were changes in demand and product 

variety. Some companies needed to change from their old functional layout with machines 

scattered around to a flow group layout in order to meet the market demand. This would 

according to the companies develop more and more towards one-piece flow, as it was 

considered more efficient. 
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One company decided to change their one-piece flow production system towards batch flow for 

being able to handle the incoming new products variants. They performed evaluations between 

one-piece flow and batch flow and came to the conclusion that the economical winnings 

regarding cost per piece and the higher flexibility with batch flow would overcome the negative 

aspects such as high level of WIP and longer lead-time.  

The flexibility aspect was one common issue brought up by many of the companies. 

This was considered as the ability to handle production disturbances, time consuming activities 

and several product variants within the production system. 

 

One-piece flow was considered restricting the level of flexibility when lines connected the 

operations. The Case Company A using batch flow and stand-alone machines as well as the 

Case Company D using one-piece flow within the cells but with no connected lines, 

emphasized the great level of flexibility this was giving them. They could change the material 

flows seemingly effortless, which would have been impossible with connected lines between 

operations. However, during this thesis the level of flexibility needed could have been 

questioned. Of course some level of flexibility to cover up for machine breakdowns and 

bottleneck activities are welcome for any company, but if there are no restrictions for the 

material flow and amount of WIP between operations, this could lead to costly buffering only 

affecting the process and personnel in a bad way. On top of this, it was seen at Case Company 

C that for example setup could be optimized by “flying setup” when using one-piece flow. This 

could question the Batch flow promoters emphasizing the benefit and need of buffers covering 

for setup. 

 

As theory stated, changes were made in a very slow pace within manufacturing and all the 

companies confirmed this. Meanwhile market was very fluctuating making it highly important 

for the companies to be foresight in order to remaining competitive. 

This required long term planning and an ability to convert future capacity requirements, 

production volumes and divergence into a well functioning manufacturing strategy. 

The companies have to decide whether they want to be at the frontline of development, which 

would certainly require investments in new technique and ways of production or if they are 

satisfied with the current state, which in worst case would mean that they fail to remain 

competitive. 

 

The decision process mind map presented in the result chapter was based on common factors 

affecting the choice for a production system. By utilizing this mind map, the companies could 

work structured towards a more appropriate production system suitable for prevailing 

conditions. 

 

As for GKN, their current production system was working somewhat satisfactory. The 

decisions behind the use of the current production system were well grounded and investigated. 

The high level of flexibility was the foremost reason for the choice for the batch flow. The 

trend indicated increasing product volumes and divergence. Increasing volumes could have 

required investments in lines and one-piece flow, but at the same time the increasing 

divergence called for ability to handle several different products, which promoted the stand-

alone machines and batch flow. 

 

However, as it was shown in this thesis, it is highly important to implement well working 

restrictions in order to keep the batch flow performing efficiently and for facilitating for the 

operators. Some advantages from one-piece flow were utilized in the work of improving 

GKN’s production system, which is presented in a separate company report. This way, the 
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highly regarded flexibility could be kept to some extent, while the material flow was restricted 

to a more clear and straight path. In addition, when the WIP was limited to just cover the setup 

time, the level of products in between operations became more economically manageable.  

 

7.1 RECOMMENDATIONS 

 

During this thesis work, the research method used was multiple case studies. This method was 

considered as a good way to be able to compare and draw conclusions that facilitated the 

answering of the research questions. The authors of this thesis consider the results to be general 

and valid for any manufacturing company, not just the automotive industry. Furthermore, the 

findings of the Case studies correlated with many parts of the theory that had already been 

validated, increasing the validity of this research. 

However, as the observations and interviews at the other companies besides at GKN consisted 

of only one occasion each, the data collected was considered for being somewhat thin. This 

could have affected the quality of the results. 

Therefore, for future recommendations the authors suggest deeper research performed 

regarding the same topics as for this thesis at several different companies and for a longer 

period of time. This includes a deeper analysis of the crucial factors found in this thesis. 

 

In addition, for surviving the global competition it is suggested by the thesis writers that 

Swedish manufacturing companies increase their cooperation. There should be an openness to 

share knowledge and willingness to invest in research that would benefit all local companies 

concerning production technique. Companies should spend time to visit each other and learn 

how other has solved problems that they have in common. They also get the opportunity to see 

improvement that they have not thought of themselves, as the English saying goes “Don’t 

reinvent the wheel”. The authors would recommend finding the idea and modify it to your 

needs. 
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APPENDIX 1 – Project time plan 
 



 

APPENDIX 2 - Interview questions and product profiling 
 

Inledning 

 Presentation av intervjuare 

 Presentation av projekt/Bakgrund till examensarbete 

 Syfte för besök och intervju 

Bakgrund/Information om den intervjuade: 

1. Vad heter du och vad har du för position på företaget? 

2. Vad har du för arbetsuppgifter? Hur interagerar du med produktionen? 

3. Vad har du för bakgrund/utbildning? 

4. Hur länge har du varit anställd på företaget? 

Allmänna frågor 

1. Vad använder ni för produktionssystem? D.v.s. hur har ni ställt upp era maskiner I 

lokalerna med avseende på produktionen? Är de singeluppställda eller ihopkopplade i 

linjer? Tillverkas och hanteras produkterna en i taget enligt enstycksflöde? Eller 

hanteras de i containrar flera åt gången enligt batchflöde? 

2. Vad har ni för årliga produktionsvolymer?  

3. Hur många pinjong varianter har ni i produktion? 

Forskningsfrågor 

Följande frågor kommer att hjälpa oss i vårt arbete med forskningsfrågorna. 

What are the crucial factors that determine the choice between the two production 

systems, batch production and one-piece production? 

1. Varför har ni valt att ha denna typ av produktionssystem, vad var det mest avgörande i 

beslutet? 

2. Hur ställs maskiner om i produktionen? Vad anser ni vara fördelen med ert 

produktionssystem vid ställ och störningar? 

3. Hur och när upptäcks eventuella fel i produktionen? Hur har detta påverkat val av 

produktionssystem?  

4. Hur hanterar ni produktionsstop (störningar) t.ex. maskinhaverier? Hur är detta 

kopplat till ert produktionssystem? 

5. Hur mycket personal går det åt för att sköta produktionen i förhållande till antalet 

maskiner? Hur anser ni att personalens interagerande med maskiner och materialflöde 

påverkar ert produktionssystem? 

6.  Hur hanterar ni inom verksamheten den växande efterfrågan på specialiserade 

produkter med avseende på produktionssystem, layout mm? 

7. Hur anser ni att ert produktionssystem står sig mot andra alternativ? 

8. Vad har ni för framtida mål med produktionen? 

9. Ser ni några trender i produkt variationer och volymer? 

 

 

 

 



 

What are the benefits and disadvantages with stand-alone machines using batch flow 

principles and line production using one-piece flow principles? 

10. Vilka är de centrala fördelarna respektive nackdelarna med ert produktionssystem? 

 I vilket processteg är de störst och varför? 

 Hur arbetar ni för att kunna profitera från fördelarna? 

 Hur arbetar ni för att minimera förluster från nackdelarna? 

11. Vilka är de mest frekventa problem och risker med det produktionssystemet? 

 I vilket processteg är dessa störst och varför? 

 Vad anser du vara grundorsaken till dessa problem och risker? 

 Hur hanterar ni dessa? 

12. Vad anser ni vara största svårigheterna med att använd er av något annat system än det 

ni använder idag?  

13. Vilket avseende anser ni att ert produktionssystem är flexibelt? 

 Produktionsvolymer 

 Personalkompetens 

 Variantflora mm. 

 

Allmänna frågor gällande produktion 

14. Kör ni testserier av produkter internt eller sköts det externt? 

15. Hur hanterar ni unika och avvikande produkter i systemet? Separata flöden? 

16. Hur inverkar kvalitetskontroller på produktionen? 

17. Vilken typ av layout använder ni? 

- Fast position, funktionell layout (processorienterad placering), flödesgrupper 

(cell), linjebaserad 

18. Hur vinns order? (leveranshastighet, leveranssäkerhet, pris) 

19. Hur organiserar ni produktionen? 

-CONWIP, Kanban, Just-in-time, mm 

20.  Hur kontrolleras produktionen? 

  



 

Markera med en kryss där ni anser att företaget är placerat idag 

Skala 1-5

Produktionsprocess 

Hur många varianter av varje produkt?      

Hur är komplexiteten på produkterna? (hur många 

processteg ingår i tillverkningsprocessen) 

Produktionsvolym 

Produktintroduktion? (Hur ofta lanseras en ny 

produkt) 

Tekniknivå (inom produktionen) 

Kapacitet 
Kapacitetsstrategi i förhållande till efterfrågan 

(Lead = före, Lag = efter efterfrågan) 

Anläggning 

Anläggningsfokus (Anläggning anpassad efter 

processen eller anläggning anpassad efter produkt) 

Kvalitet  

Kvalitetsarbete (proaktiv = förebygga att det inte 

blir fel, reaktiv = upptäcka fel samt se till så inga 

felaktiga produkter passerar till kund) 

Organisation och arbetskraft 

Arbetsfördelning (Vertikal = En specifik 

arbetsuppgift per person genom hela processen, 

Horisontell = Uppdelning av arbetsprocessen i så 

korta tidsenheter som möjligt). 

Personal kompetens 

Produktionsplanering och styrning 

Val av system (material- och 

produktionsplaneringssystem) 

Lagerstorlek 
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APPENDIX 3 – CONWIP rail system at GKN Driveline Köping AB 

Products are stored in baskets situated on rails on the floor between 

operations waiting to be transported to next operation. 

 



 

APPENDIX 4 – Machine capacity at GKN Driveline Köping AB 

 

 



 

APPENDIX 5 – Layout of GKN Driveline Köping AB during the 90´s 
 

 
  



 

APPENDIX 6 – Current Layout of GKN Driveline Köping AB 

 
 

 



 

APPENDIX 7 – Pareto diagram of GKNs products 2013 

The diagram shows the relationship between product category and the total 

production volume. 

 

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

100,00%

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Volumes

Percentage


