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ABSTRACT  
Schefenacker Vision System Australia Pty Ltd (SVSA) is one of 30 companies in the 
Schefenacker International group, which is the leader in rear vision mirror manufacturer with 
a 30 percent market share of the world market. SVSA in Adelaide employs over 600 people 
and the turnover for 2005 was 178 MAUD.  
This thesis project came about since Schefenacker in Adelaide was going to produce the rear 
vision mirror for the new Ford Super Duty Truck 2008, with code name P356.  Schefenacker 
desired an optimal material handling process for this complex P356 production. This resulted 
in cooperation with the University of South Australia and Luleå University of Technology in 
Sweden and this master thesis project arose.  
Because of the thesis’ complexity has some areas only briefly been taken under consideration. 
Focus has been put on what could be done in a near future since it felt important to have 
recommendations that could be put into practice within the close proximity of launch and 
production. Great importance has been on integrating the employees’ opinions into the 
development and result of this process.  
A project cycle method was developed to carry out this thesis work, since it was necessary 
with a primary method which could manage a constant flow of new information. The model 
was developed with inspiration from the Deming wheel; plan, do, act and learn, together with 
Ranhagen’s spiral model; a process should precede several laps before finish. The philosophy 
Lean thinking has played an important roll throughout the process. Qualitative facts are the 
base of this project. The information was gathered through literature studies, a questionnaire, 
observations and interviews with concerned workforce. The survey questionnaire was carried 
out in the assembly area of the P356 mirror’s predecessor P131. The result from the P131 
study has been working as a foundation during the entire project. The authors have been 
guided for comprehension about which areas improvements would be desirable. The result is 
also presented in an individual report, consisting of recommendations on how a more efficient 
production and a better work environment can be achieved at the P131 area. Benchmarking 
studies at Electrolux, Mitsubishi, Holden and Philmac have been carried out which resulted in 
greater comprehension of different possibilities concerning material handling. A Specification 
of requirements for an optimal material handling process with belonging layout was 
developed. Different layout alternatives with diverse agendas were developed and later on 
compared. This resulted in a final layout proposal combined of two alternatives, with core 
focus on safety, minimised material handling and quality issues.  
In the thesis suggestions can be find about of how and where to store material for the P356 
production, which quantities to hold, efficient transportation solutions, other improvement 
concepts and some warnings concerning future hazard risks in the work environment. Several 
analysis concerning the material handling processes and the work environment such as 
NIOSH have been made. According to the authors current buggy runs should be standardised 
and integrated with supplying the production systems. Dedicated trolleys should be used 
within the system acting as storage since they are space efficient and prevents double material 
handling. The developed prototype concept “Ball table trolley” could be an asset in the 
material handling process, if developed further, according to the thesis authors. 
The thesis authors experience that priority for Schefenacker should be set on further 
evaluation of the nCONFIDENTIAL INFORMATION. racks and presumably redesigning the 
racks, preferably before going into full production. To prevent work related injuries. Other 
recommendations are to engage the co workers and commit to open dialogues before taking 
action. Create teams around each mirror lines with responsible material handler, which could 
facilitate in increased team feeling, motivation and responsibility. 
The thesis is most useful for Schefenacker but can also contribute as a source of inspiration to 
other companies within the automotive industry and in other industries. The thesis could be 
helpful when planning a material handling process, planning the division of parts, planning 
methods of replenishing parts and other aspects which are important when implementing a 
new production and optimising an existing process. Hopefully will this thesis trigger 
questions and create ideas when planning or analysing other material handling processes.  
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SAMMANFATTNING 
Schefenacker Vision System Australia Pty Ltd (SVSA) är ett av trettio företag i gruppen 
Schefenacker International. Denna grupp är ledande inom backspegelbranschen, med en 
marknadsandel på 30 procent av världsmarknaden. SVSA i Adelaide har drygt 600 anställda 
och omsättningen år 2005 uppgick till ungefär 1000 MSEK.  
Ändamålet med detta examensarbete tog form då Schefenacker i Adelaide skulle verkställa 
produktion av backspegeln för den nya pickupen Ford Super Duty Truck 2008 med kodnamn 
P356. Schefenacker eftersträvade en optimal materialhanteringsprocess för denna komplexa 
produktion. Vilket resulterade i ett samarbete med Universitetet i södra Australien samt Luleå 
tekniska universitet och detta examensarbete uppstod.  
På grund av examensarbetets komplexitet har vissa områden endast tagits hänsyn till i 
begränsad utsträckning. Fokus har lagts på lösningar som kan genomföras inom en snar 
framtid, då det ansågs viktigt att ge rekommendationer som skulle kunna verkställas i 
samband med release av produkt och produktionsstart. Stor vikt har lagts på att integrera de 
anställdas åsikter i både utvecklandet av processen samt dess resultat. 
En cyklisk projektmodell togs fram för genomförandet av detta examensarbete, då det 
behövdes en grundläggande metod som kunde hantera ett konstant flöde av ny information. 
Modellen utvecklades med inspiration från Deminghjulet; planera, göra, studera och lär, och 
Ranhagens spiralmodell; en process ska pågå flera varv före avslut. Kvalitativ fakta ligger till 
grund i detta examensarbete. Information har samlats in genom litteraturstudier, 
enkätundersökning, observationer samt intervjuer med berörd personal. Enkätundersökningen 
genomfördes vid produktionen av P356 spegelns föregångare P131. Resultatet av denna 
studie har fungerat som ett fundament under hela projektet. Författarna har guidats för 
förståelse inom vilka områden som förbättringar är önskvärda. Resultatet finns även 
presenterat i en enskild rapport, innehållande bland annat rekommendationer för hur en mer 
effektiv produktion och en bättre arbetsmiljö kan uppnås vid P131 området. 
Benchmarkingstudier har genomförts vid Electrolux, Mitsubishi, Holden och Philmac vilket 
har resulterat i större förståelse om vilka möjligheter som finns för materialhantering. En 
kravspecifikation för en optimal materialhanteringsprocess med tillhörande layout har 
framställts. Layouter med olika fokus utvecklades, för att sedan jämföras mot varandra. Detta 
resulterade i ett slutgiltigt layoutförslag kombinerad av två layoutalternativ, med huvudfokus 
på säkerhet, minimerad materialhantering samt kvalitetsaspekter. 
I examensarbetet finns förslag på hur och var material ska förvaras för P356 produktion, vilka 
kvantiteter som bör hållas, effektiva transportlösningar, andra förbättringskoncept samt några 
varningar för eventuella framtida tillbud i arbetsmiljön. Flertalet analyser gällande 
arbetsmiljön samt materialhanteringsprocessen har genomförts, exempelvis NIOSH. Enligt 
examensarbetarna bör befintliga leveransrutter för material standardiseras och integreras för 
att förse P356 produktionen med material. Dedikerade vagnar bör användas som förvaring av 
material då dessa är utrymmeseffektiva och förhindrar dubbelhantering av material. Det 
utvecklade prototypkonceptet ”Ball table trolley” kan enligt författarna bli en tillgång och 
underlätta materialhanteringsprocessen, om vidare utvecklat.  
Examensarbetarna anser att Schefenacker bör prioritera att undersöka CONFIDENTIAL 
INFORMATION påfyllnadsställningarna och förmodligen designa om dessa, helst före full 
produktion startar. För att förhindra arbetsrelaterade skador Andra rekommendationer är att 
engagera de anställda och använda sig av öppna dialoger före förändringar genomförs. Skapa 
lag vid de olika produktionslinorna med ansvariga materialhanterare, vilket möjliggör en ökad 
gruppkänsla, motivation och ansvar.  
Examensarbetet är till största del användbart för Schefenacker men kan även agera som en 
inspirationskälla till andra företag inom bilindustrin samt andra industrier. Examensarbetet 
kan vara till hjälp vid planering av en materialhanteringsprocess, planering av fördelning av 
komponenter, planering av metoder för påfyllning av komponenter och annat som är av vikt 
vid implementering av en ny produktion och vid optimering av en befintlig. Denna rapport 
skapar förhoppningsvis frågor och idéer vid planering av en materialhanteringsprocess.  
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1. INTRODUCTION 
This chapter describes the thesis starting point, a closer presentation of the company and the 
project group, and gives an overview of the thesis. Also recommendation on where to find 
certain information in the report is presented. 

1.1. STARTING POINT FOR THESIS 
As long as the human being has existed, she has 
created, that is why the history of technology is as 
long as the human being. Joseph Cugnot 
constructed the first car prototype in 1769, the 
Steam wagon, a self-propelled mechanical vehicle 
or automobile, see figure 1 [1]. 
 
In the report Mobility 2030: Meeting the challenge 
under sustainability, overview 2004, developed by 
a large amount of automotive manufacturers under the lead of General Motors, the facts were 
established that there is currently about 60 millions cars sold annually, and in 2030 there will 
be approximately 1.6 billion cars around the world. The number of cars is increasing mostly 
in India (150 percent) and in China (600 percent) [2]. 
 
The technical development is constantly and has been so since time immemorial. The work of 
improvement has been applied in many forms but the one consistent aim and also maybe with 
increased interest is to make a process more efficient and to simplify the activity. To achieve 
a goal of long-term profitability and to hold a competitive position requires focus on the 
customer and constantly working with work of improvements to meet the always growing 
needs. 
 
It is a realization that it is more and more important to meet the plight of the modern man, 
nowadays is words as burnt out and occupational injury common in the society, to facilitate 
these important dilemmas companies need to develop their work processes after the internal 
customers, fulfilling their special needs. The international Ergonomic Association, IEA, is a 
federation of ergonomics and human factors societies from around the world. They agreed in 
2000 about a definition for Ergonomics: 
“Ergonomics (or human factors) is the scientific discipline concerned with the understanding 
of interactions among humans and other elements of a system, and the profession that applies 
theory, principles, data and methods to design in order to optimize human well-being and 
overall system performance” [3]. 
 
It is significant to reduce costs with intention to increase the profitability. Quality 
management is a way to ensure that all necessary activities to design, develop and to 
implement a certain product or service are effective and efficient with high importance to the 
system and its performance (Bergman and Klefsjö, 2001). 
 
There are numerous high demands put on companies nowadays, everything finishing in being 
able to develop optimal processes in order to be successful. Constantly being one step ahead 
is a must, regarding planning, educating and implementing, among many other important 
aspects. This thesis is about developing an optimal process, making limitations about what is 
important but due to the time restriction several areas have been put aside. With a focus on 
what the company, Schefenacker, could adapt and implement in today’s production. The 
journey has been winding but both thesis authors are satisfied with the outcome and hope that 
it will be helpful, both for Schefenacker and for others in the future. 

Figure 1 Car prototype 1769 by 
Joseph Cugnot [1] 
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1.2. PRESENTATION OF THE COMPANY 
The Schefenacker group is a worldwide group within the automotive industry, supplying the 
world’s leading automotive manufactures with lighting systems, audio systems and vision 
systems. The information in this chapter is collected from the company home page [4]. 

1.2.1. SCHEFENACKER IN THE WORLD 
Schefenacker International is a private company with its Head Office in Esslingen, Germany 
and with companies located in the US, Europe, Asia and Australia. For Schefenacker’s 
locations world wide see, figure 2, below. The company is the leader in rear vision mirror 
manufacture with 30 percent of the world market. It has three operating divisions; Rear 
Vision Systems, Lighting and Electrical Systems and Sound Systems. 
 
The company is famous for high quality, advanced innovative technology, integration of 
advanced lightning, systems, cost effective design, and combines the premium luxurious end 
with the high volume segment of the passenger car market all over the world. 
 
 

 

 
 
 
Schefenacker’s capabilities are very important for the company and are listed on their home 
page [4], see figure 3. 
 

SCHEFENACKER’S CAPABILITIES 
 

Global supply Reaching objectives in every market worldwide 
World class process Reducing wastage increasing efficiency 
Best people Solving problems with no duplication of effort 

Innovation Advancing safety and performance 

Figure 2 Picture over Schefenacker’s locations worldwide [4] 

Figure 3 List of Schefenacker’s capabilities [4] 
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AWARDS 
Schefenacker have during the years received many awards, below is a few of them, [4]: 
Schefenacker Vision System, Australia – Quality Manufacturer 1999  
Reiter and Schefenacker Vision System – GM supplier of the year; 1996, 1997& 1999 
Schefenacker Vision System, UK – Engineering industry best factory 1999  

1.2.2. SCHEFENACKER SVSA IN ADELAIDE  
Schefenacker Vision Systems Australia (SVSA) is located in Adelaide, South Australia. The 
company was founded in 1944 as Rainsfords Metal Products. Since then the company has 
progressed from a metal forming business to a world class manufacturer of automotive vision 
systems, and is now owned by Schefenacker International. The main products manufactured 
at SVSA today are; Passenger Vehicle Exterior, Interior Rear View Mirrors, Light Truck Rear 
Mirrors, Motor Mechanisms for Electric Motors and Door Handles. SVSA’s main customers 
are; Ford, Mazda and Mitsubishi. The company employs about 650 people (March 2005) and 
the turnover 2005 was 178 MAUD.  
 
Schefenacker’s vision 2005 was “Customers’ first choice in mirrors and lighting” and the 
mission was “We generate value by providing: Superior product and service performance to 
our customers, lasting financial returns to our shareholders and Opportunities for our 
associates and stakeholders.  

AWARDS 
The company is often awarded and recognised for their excellence in their field, to name a 
few [4]: 
Ford World Excellence Award, Gold 2001 
FCAI Manufacturer of the Year Award; 1989, 2003 & 2004 
Holden Award for “Best of the Best” performance in export 2003  

SCHEFENACKER IS 
• Reliable partners 
• Goal oriented and accountable 
• Quality driven 
• Innovative 
• Cost competitive 

SCHEFENACKER VALUE 
• Their Associates 
• Leadership 
• Teamwork 
• Integrity 
• Creativity and Agility 
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1.3. SPECIFICATION OF THE PROJECT  
The chapter describes the purpose of the project, objectives, limitations and deliverables 
which was developed through discussions within the project organisation.  

1.3.1. BACKGROUND 
Schefenacker’s latest trailer tow mirror, with 
model name P356 is for Fords new Super Duty 
Truck 2008, see figure 4. Known under the 
codename P356 and is a light truck, see photo on 
the front page. Production is planned to be 
launched October 2006 and replace 
Schefenacker’s current P131 mirror, which is 
being produced for a former Ford Super Duty 
Truck. CONFIDENTIAL INFORMATION. The 
operational production will involve around 150 
employees and around 400 000 mirror sets are 
planned to be produced annually, the greatest 
production of rear vision mirrors ever in the 
world. Three assembly cells will be set up for 
the P356 mirror, one for right hand mirrors, one 
for left hand mirrors and one mirror line for 
power option mirrors. There will also be some 
sub assembly work stations adjacent to the mirror assembly. The mirror consists of three 
types of parts below are some examples of parts: 

• In house moulded; base frames, gaskets, case fronts and rears 
• Purchased parts, VMI; screws, arms, glass and lights 
• Sub assembled parts; actuators and power telescope assembly 

The U-shaped mirror assembly cells will have separated assembly jigs on one side and a belt 
conveyor line with jigs on the other side. The assembly cells are strategically located close to 
the moulding department and the dispatch department in order to minimise material handling. 

1.3.2. PURPOSE 
The purpose of this project is to design a proposal for the material flow and the material 
handling for the P356 mirror assembly cells and associated subassembly cells. Efficient 
material handling should be attained without compromising the employees working 
environment and the quality of the products. 

1.3.3. OBJECTIVES 
The main objective is to find the optimal material flow and most efficient way of handling 
material to both assembly cells for the trailer tow P356 mirror. Focus will be on minimising 
the manual material handling and to determine the shortest and most advantageous route for 
material flow. 

PRIMARY OBJECTIVES 
• Find the optimal material flow and material handling for the trailer tow mirror P356 with 

focus on work environment and quality 

SECONDARY OBJECTIVES 
• Finished product flow and handling from the assembly line  
• Packing procedure and layout  

1.3.4. LIMITATIONS 
Focus in this project will be on external material handling and material flow for the trailer tow 
P356 mirror, since the material flows within the cells are already planned. Adjacent areas, 

Figure 4 Telescoping Trailer Tow mirror [5]
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such as raw material storage and other products’ material flow, will be studied if changes in 
these areas would result in great impacts on the material handling for P356. 

This project will not cover implementation or the final steps in an ordinary project plan, in 
view of the fact that launching of the production is first in October 2006 and this project is 
conducted from February to July in 2006. 

1.3.5. DELIVERABLES 
The outcome of this project will be a written report and presentation, containing a proposal 
for the external material handling and material flow for the trailer tow mirror P356 assembly 
cells and its affiliated subassembly cells. The proposal will include solutions for WIP storage, 
layout, means of transportation and requirements regarding labour. The result will also cover 
analysis concerning the work environment, aspects of safety and ergonomics in related areas 
and how to maintain the quality of components and materials. 

1.3.6. PROJECT ORGANISATION 
The project organisation consists of persons representing; Luleå University of Technology, 
Schefenacker SVSA Pty Ltd and University Of South Australia. Involved persons in project: 

LULEÅ UNIVERSITY OF TECHNOLOGY 
AUTHORS 
Karin Lund, MSc Student in Ergonomic Design and Production Engineering 
Specialisation in Production 
Anna Maria Ullnert, MSc Student in Industrial Engineering and Management 
Specialisation in Quality Technology and Ergonomic Production 
 
SUPERVISORS 
Bo Johansson, Lecturer  
Division of Industrial Work Environment 
Görgen Edenhagen, Lecturer  
Magnus Svensson, Lecturer  
Division of Quality Technology and Environmental Management 
 
SCHEFENACKER VISION SYSTEMS AUSTRALIA PTY LTD 
SUPERVISORS 
Anna Ihs, Production Engineer  
Les Lewis, Production Support Manager 
Tim Van Gasteren, Senior Industrial Engineer 

UNIVERSITY OF SOUTH AUSTRALIA 
COORDINATOR 
Evangelos Lambrinos, Operation and Business Development Manager 
Robert Speedie, Senior Research and Development Engineer 

1.4. SIMPLIFICATION OF THE THESIS CONTENT 
This thesis project is rather complex, it can be hard to understand the complete content, which 
aspects are involved and so on. In order to simplify this and to show a clear picture of what 
the thesis includes the authors have enclosed a somewhat reworked summarised list of the 
thesis deliverables, figure 5, and also a list showing which kind of information was to be 
gathered thorough the project, figure 6, The general objective for the project was to combine 
the paradigms of Quality Management and Ergonomics when developing the material 
handling process for mirror P356. Some of the points listed below have not been possible to 
analyse further since the delay of the production and has therefore been left aside. 
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FACTORS AFFECTING THE RESULT OF THE THESIS 
• Delay of production 
• Assembly cells not built 
• Work tasks at jigs not completely decided 
• Products’ components not entirely decided  
• Lack of collected data over ingoing parts 
• Production plan not completely decided 
• No possibility to validate the proposals 

UNDER CONSIDERATION WHEN DEVELOPING THE PROPOSALS 
• Other products material flows 
• Predetermined size for assembly cells  
• Manufacturing capacity of moulded components 

REQUIREMENTS FOR PROPOSALS 
• Everything based upon lean-thinking 
• Minimise transport distances 
• Minimise material handling 
• Minimise crossing flows 
• The quality of the items should not be affected by handling 

PROJECT DELIVERABLES 
WIP storage; location, size and layout 
Required space to store parts in roller racks (WIP)  
Required space to store parts in online racks (WIP) 
Min/ max stock level for WIP storage 
Required bins in total 
Required space to store empty bins within/ outside the cells 
Return flows of internal and external bins 
Where to move defected articles/products, Quality zone 
Bin sizes for each part  
Roll racks; Number required, layout and location  
Optimal route for material  
Optimal route/ flow for material  
Optimal route/ flow for empty bins  
Frequency of refilling the roller racks  
Frequency of refilling the online racks  
Frequency of return flow of bins  
Means of transportation and demand 
Roll racks → online racks    
Moulding machines → roll racks 
VMI storage → roll racks/ online racks 
Sub assemblies → roll racks/ online racks 
Online racks → empty bins storage  
Labour requirements 
Labour demands for material handling

Figure 5 Project deliverables 
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1.4.1. REFERENCE PAGES 
Given the thesis complexity, the report contains many headings which together contribute to 
the overall picture. This means that the understanding facilitates to a great extent when the  
complete report is read but for readers who are only interested in some parts of the thesis, 
below are some references: 
• Theoretical framework, see chapter 3 
• Methodologies and tools, see chapter 2 
• For important aspects when planning a material handling process, see Specification of 

requirements chapter 6 
• For the Final layout proposal, see section 7.4 and figure 36 
• Thoughts and reflections concerning the thesis work, see Discussion chapter 8 
• Recommendation see chapter 9, Summary of recommendation, see section 9.2 

PROJECT INFORMATION GATHERING 
Required information to collect/ find out (both internal and external) 
Means of transportation (what are used today, other alternatives on market?) 
Capacity of transportation (how many bins could be placed on the trolley?) 
Storage/racks (what is used today, other alternatives on market?) 
Number of parts in bins 
Which moulding machines use several tools for several items? 
Machine loadings (time requirements) 
Moulding machines capacity (if used for one item only) 
What is working well/ not well at P131 (predecessor mirror)?  
What is working well/ not well at other companies? (Conveyance, meetings) 
Quality risk factors when moving parts 
Update/ complete P356 spreadsheet 
Process mapping (VMI, moulding parts and sub assembly parts) 
Ergonomic aspects for material handler, for example lift/hour, weight of bins 
Information to collect (measurable) 
Time required moving articles from moulding to roll racks  
Time required moving articles from VMI storage to roll racks  
Time required moving articles from sub assembly to roll racks  
Time required moving articles from roll racks to online racks  

Figure 6 Project information gathering 
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2. METHODOLOGIES AND TOOLS 
In this chapter methodologies and tools which have been used in order to carry out the 
project are described. 

2.1. THESIS FORMATION 
This section creates an understanding of how the thesis is constructed and its contents, for 
visualisation, see figure 7. The thesis started off with an introduction of the company and a 
discussion around the project. At this time objectives and scope were discussed vaguely, to 
develop the project later into more concrete definitions. The first day’s, time was spent in the 
plant to get an idea of what the future work would involve. The questions of issues, objectives 
and scope that were brought up during this first period gave the thesis workers an 
understanding of which Methodologies and tools that would be suitable for the upcoming 
work. Also the Theoretical framework took form during this time. These two chapters 
resulted in the Empirical study. The main core in this part is the material flow and handling 
which should be based upon lean thinking with a good work environment as a precondition 
for development of a solution. 
 
Engineering’s work should be characterized by a balance between art and science, know how 
and know why, which have been actioned through chosen Methodologies and tools in 
combination with selected Theoretical framework in this project. The Empirical study is 
primarily made up by the Current situation, Analyses there of and results and the 
Specification of requirements. The information in above mentioned chapters resulted in 
Suggestions and evaluation. After this the authors have chosen do argue the thesis outcome in 
a Discussion chapter, the thesis ends out in a Recommendation chapter. 
  

2.2. GENERAL METHODOLOGY 
SPIRAL THINKING 
It is quite common to seek for solutions to a problem without a thorough analysis of the 
current situation; this is often a very expensive and ineffective way of handling a problem. 
This way of solving problems makes it difficult to understand and notice possible changes of 
conditions during the project. Changing conditions through a project could have a great 
impact on the result. The traditional way of carrying out projects in a linear method often 
aggravates the revising of important conditions and circumstances but to avoid this Ranhagen 
(1995) recommend carrying out projects according to a project cycle method consisting of 

Figure 7 Flow chart over the thesis structure 

Methodologies and tools

Empirical study

Introduction Current situation Suggestions and evaluation
Analyses thereof and results
Specification of requirements

Discussion

Theoretical framework
Recommmendation
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eight steps which are reaching from a planning and mapping stage and further on to 
suggestion, implementation and evaluation of work. The general model in the method include 
following steps:  
 

1 Plan for changes 
2 Create a diagnose 
3 Formulate objectives and demands 
4 Search for alternatives 
5 Evaluate and choose alternative 
6 Develop and work in detail on chosen alternative 
7 Carry out stepwise 
8 Follow up and evaluate effects learnt 

 
The circle should be repeated three times and every step should be handled innovatively. It is 
important to work repetitively along the circle steps, avoid being trapped in details and in this 
way proceed with the project. Focus and time spent on each step varies with the revolutions. 

THE DEMING WHEEL 
When solving a problem it is important to work 
systematically. Bergman and Klefsjö (2001) describe 
how Deming has developed an approach to improve 
processes and products, an improvement cycle named 
the Deming wheel. The approach contains of four 
phases; Plan, Do, Study and Act, see figure 8. 
 

IMPLEMENTATION OF THE SPIRAL WHEEL 
Instead of Ranhagen’s steps above, specific steps with 
inspiration from the Deming wheel have been worked 
out for this thesis project. To match this particular 
project, these steps have been modified and the number 
of steps reduced, see figure 9. 

Project definition  
Plan the Project 
Data Collection 

Analyse data 
Search for alternative solutions 
Results  
Evaluation of alternatives  
Learn 
Improve the process 

LAP 1 
LAP 2 

LAP 3 

Figure 9 This thesis method; The Spiral wheel 

Study 

Plan Act

Do 

Figure 8 The Deming wheel. 
Freely after Bergman and Klefsjö 
(2001) 
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The steps will be repeated three times during the project. An overall picture is always worked 
upon but in every revolution the focus is on different steps. For example a great part of the 
study phase is the study of the current material handling process for the P131 mirror, in order 
to learn from previous mistakes from the predecessor model and improve the new process for 
the P356 mirror. This methodology has been used as a general approach in this project. The 
thesis workers believe that working in a circular pattern is very important when being in a 
developing environment where conditions constantly are changing and collecting and 
updating data is vital. 

2.3. SCIENTIFIC METHODOLOGY 
When carrying out a study there are many different approaches which can be chosen, 
depending on the type of study. Below follows a brief explanation of a few approaches. 

2.3.1. RESEARCH APPROACH 

METHODS FOR EMPIRICAL DATA 
When choosing between methods, the ideal choice is the technique which can contribute with 
the highest quality data as possible but not to forget is the ethical and practical factors which 
need to be taken under consideration. The four most suitable methods to use for a describing 
investigation are surveys, interviews, bookkeeping and direct observation (Dahmström, 
2000). 

APPROACH METHODICAL 
Zikmund (2003) claims that a scientific study can be defined as systematic or objective 
process of collection, documentation and analysing of data with the goal to make correct 
decision. A scientific study creates information which can reduce the insecurity. A different 
type of problems requires different approach procedures. There are three different approaches 
investigation, describing and explaining. The first mentioned purpose is to investigate and to 
create deeper understandings for a deeper existing problem. If the goal on the other hand is to 
describe for example a population then a describing study is better suitable. An explaining 
study is used when the problem is well defined and when there is a reason to identify s cause 
and effect connection (ibid). 

QUALITATIVE OR QUANTITATIVE STUDY 
Zikmund (2003) declares that an investigation approach can either be a quantitative or a 
qualitative study. With a quantitative study the result can be expressed in numbers, when the 
conclusions are drawn from discussion and peoples’ experience and opinions for qualitative 
studies. 
IMPLEMENTATION 
In order to fulfil the aim with this project a qualitative study was chosen to start off with in 
order to get an idea over the company norms and attitudes. Comprehensive interviews with 
the supervisors at the P131 area and with other involved employees such as material handlers, 
line leaders and also operators were held. The P131 area was observed to create an 
understanding for flows and such matters. The greater part of this project will have a 
qualitative approach which will take the form of interviews, discussions, observations 
etcetera. A quantitative approach will also be needed to get a greater understanding of flows 
and volumes in the system. To get a complete understanding of the current situation both 
approaches are considered to be needed.  

There has been continual contact between the thesis authors and with the employees at the 
P131 production system during the whole project. A cooperation was established with the 
workers for the intention of making the survey as relevant as possible and to achieve the best 
feasible outcome. Involved employees were material handlers, line leaders and supervisors 
who all have been a great help in conducting the survey. Ideas and suggestion developed from 
the survey have also been discussed with current employees within the P131 area since the 
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project group does not possess the same experience in order to realise practicable possibilities 
for current situation within the plant. 

This project is a mixture of the three different procedure approaches, investigation since the 
general problem which has many dimensions require to be investigated to create a greater 
awareness of the problem, describing since all ingoing factors need to be explained in order to 
create an optimal process and explain since the aim is also to find the relation between 
variables for optimising the process. 

2.4. DESIGN FOR SIX SIGMA METHODOLOGY 
Six sigma is an example of a work improvement introduced in the 1980s of Motorola who 
focused on decreasing unwanted variation according to Bergman and Klefsjö (2001). 
Traditional Six sigma is a systematic methodology for problem solving (ibid). According to 
Sandkull and Johansson (2000) Six sigma is a structured work improvement approach with 
focus on brave goals and clear responsibility division. The principles behind the method can 
in general reduce costs, improve productivity, increase a company’s service level and lead to 
other positive effects (ibid).  

DFSS, acronym for Design For Six Sigma, is an approach used for design or to re-design a 
product from start [6]. Most commonly is it that companies introduces this approach with 
adjusted phases or steps in order to suit their company in a better way. In the manufacturing 
world the approach methodology IDOV; Identify, Design, Optimise and Validate, is well 
known. Identify the customers and the specifications. Design solutions, start with translating 
the customers’ requests into efficient requirements and then into solution alternatives. A 
selection process cuts down the list of solutions to the “best” resolution. Optimise the design 
and performance. Validate makes sure that the design will meet the customers’ needs (ibid).  
IMPLEMENTATION OF DFSS 
The project group was set up in working with above methodology and time was spent on how 
to do it in but as the time went it did not feel as the best possible approach for this thesis, 
since the project continually grew among others. Schefenacker are familiar with the Six sigma 
approach but agreed with the thesis authors about this quandary. 

2.5. DATA COLLECTION 
A concrete and wide platform is a prerequisite, for reaching a thorough result. In order for the 
thesis workers to achieve this, primary data has been collected with methods such as 
interviews, surveys and observations. The primary data has been supplemented with 
secondary data composed from databases and literature among others. 

2.5.1. PRIMARY DATA  
Primary data investigation is data collected for the first time, in other words the data is not 
before available. Examples on diverse methods to compile primary data are surveys, 
interviews, direct observations and book keeping (Dahmström, 2000). The methods used in 
this project are described below. 

INTERVIEWS 
Sörqvist (2000) points out that interviews establish open relations among the one conducting 
the interview and the respondent, which contributes to naturalness and frank explanations of 
the problem. The conductor strives to achieve a certain depth in the area through answering 
the questions why, what and how? This method opens up the possibility for the conductor to 
ask resulting and complex questions but it is time demanding and is not suited for larger 
scales. Another disadvantage is that the conductor may have an influence on the respondents 
and that the method could be very expensive. 

There are several possible forms of interviews techniques, two of them are structured and 
unstructured interviews. The most unstructured interview is according to Andersen (1998) 
called for open interview when no questions are planned ahead. The unstructured interview 
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technique is useful when the interview conductor is unfamiliar with the matter and not able to 
ask relevant questions (Merriam, 1994). Structured and unstructured interviews will result in 
different degree of control, if full control is wanted a structured interview should be used. In a 
structured interview all the questions are written in beforehand. The advantages of this 
approach are twofold: the interview runs efficiently and the interviewees’ answers can easily 
be compared (Pearce et al, 1988). 

IMPLEMENTATION OF INTERVIEWS 
Compiling primary data for this thesis was partly made through interviews with involved 
people in different areas, operators as well as managers. The authors used the unstructured 
interview technique in an early stage in order to create an understanding of the different 
aspects. Those times the authors did not receive an adequate amount of information about 
some aspects, structured interviews were carried out. Common, regardless of form, was that 
concerned employees freely or partly freely spoke about their relevant area to inform the 
authors. The employees who have participated mainly in the project, through interviews 
giving a vast amount of information and understanding, can bee found in the reference list. 
Weekly different interviews have taken place, and several people have been interviewed more 
than once. 

BENCHMARKING  
Bergman and Klefsjö (2001) describe benchmarking as a tool to find opportunities for 
improvements in processes. The authors refer to different companies’ descriptions of 
benchmarking but point out the fundamental idea. The idea is to make a careful comparison 
between one of own processes and another, identical or similar, process at another company 
or another division within their own organisation and then take advantage of the comparison 
(ibid.) 

IMPLEMENTATION OF BENCHMARKING 
The thesis workers have done four study/ benchmarking visits, to companies with diverse 
production. The reason why not only similar production as Schefenacker hold has been 
looked upon is to get influences and ideas also from different kinds of production. 

The thesis workers did not have any experience from the automotive industry. Schefenacker is 
a supplier for the automotive manufacturer Holden and Mitsubishi among others, to get an 
understanding of the logistics and flow of material at customers; benchmarking visits were 
carried out at these companies. Another reason for visiting these companies was to understand 
and see the standards that are expected to be carried out within their own company but also by 
the supplier, i.e. Schefenacker. Schefenacker is within the moulding industry and a great 
amount of the material handled is moulded parts, and to get an understanding for how these 
could be handled in other companies a benchmark to Philmac was organised. Philmac 
produces plastic fittings and valves; the company has a range of 6000 different products 
which mainly are built of moulded parts. Philmac use a lot of conveyor systems to feed 
moulded parts to the assembly lines, which might not be an option for Schefenacker today. 
Another company the thesis workers visited was Electrolux, which in similarity with 
Schefenacker work towards “lean manufacturing” and use Kanban cards to control production 
and material flow. 

The visits may not have given any clear input for the project in this phase but has given the 
authors a better understanding of how production is taken place in other companies and how 
spread out and important lean thinking is, especially within the automotive industry. The 
companies were chosen through recommendations by employees at the Production support 
department at Schefenacker. The companies’ home pages helped the thesis authors to learn 
more about the companies before the visits. 
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OBSERVATIONS 
Bell (2000) divides observations into two main types, participating and not participating. 
Difference is depending on how the observant take part of the situation. An alternative to 
collect data is through observation accordingly to Dahmström (2000), the respondents gets 
observed and the behaviour gets registered but a drawback that can occur is that the person 
being watched change their behaviour when observed (ibid). 

IMPLEMENTATION OF OBSERVATIONS  
In order to create a concrete image of how the current material handling aspects both types of 
observations, participating and not participating, were chosen to use as a tool to collect data. 
The idea was also to create a relationship with employees at the P131 area and to get an 
understanding of which circumstances they are working under. 

In the beginning of the project, time was spent on observing employees and material flow 
within the P131 area. The material handling work tasks were carefully studied and also simple 
flow charts were made to get an understanding of how material travelled through the plant. To 
kick off the Master thesis with this was very helpful since both authors had poor prior 
experience with working on a production line. It gave the project group a better understanding 
on how the employees experience their daily work but also a hint of norms and attitudes 
within the work group. Useful in the ongoing research process was also the established 
relationships which were developed during these first days. 

Time was also spent in the area where the P356 assembly cells will be located in order to get 
an understanding of external factors that will affect the material layout and material handling 
for the P356. Observation of usages of aisles and doors, as well as equipment and vehicles in 
the area were done. 

In order to create a better understanding for the flow of materials, the buggy routes were 
observed. An open interview was also held with Mark Campbell, supervisor in logistics, to 
get a further understanding of the material flow, and what the current situation was. A 
significant part was that all the material and parts supplied comes through a Vendor Managed 
Inventory, VMI and therefore a tour to the offsite VMI building was carried out together with 
Mark Campbell. 

SURVEY  
There are always pros and cons when making a decision; the question is always what weighs 
the heaviest. The answer is the figures supporting the argument, which are much more than 
just opinions. A way to turn opinions into facts is to collect the objective figures. Quantitative 
insight in the area of interest is essential. A way to get this information is through a survey. 
According to Dahmström (2000) surveys signify a random selection of usually randomly 
chosen people or companies filling out a questionnaire.  

Zikmund (2003) states when creating questionnaires it is important to have in mind that all 
respondents must be able to understand and answer the questions. The questions should 
contain words which are familiar to the respondents and their situations. When designing a 
survey it is common to start with neutral questions, according to Patel and Davidson (2003), 
for example background variables about the respondents. Then the real questions which 
concerns the matter of issue. Surveys usually conclude the same way as it started with space 
for comments (ibid). Graded response alternatives can be done either with odd or even 
numbers of alternatives (ibid). When an odd numbers of alternatives are used than the middle 
alternative usually constitute a neutral point which could result in neither a good nor a bad 
point of view. Patel and Davidson (2003) claims there is a certain tendency that human beings 
avoid the end points and to pull towards the middle. In order to make the respondents take a 
position in the matter and to avoid mentioned above an even number of alternatives could be 
used. When conducting research it is in interest to collect data covering a broad range of 
subjects. Using subtly different questions and approaches to questioning, the require 
information can be accessed, according to Wilkinson and Birmingham (2003). Questionnaires 
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are usually comprised of a number of different approaches to asking questions, the essential 
ones are closed questions, multiple-choice or ranking questions and open-ended questions. 
When designing a questionnaire it is easy to overlook mistakes and ambiguities in question 
layout and construction but these are usually easily spotted trough piloting, have a small 
sample group of who eventually will complete the form comment on its suitability and clarity. 
The mistakes can thereby be easily rectified (ibid). 

IMPLEMENTATION OF SURVEY  
The objective with the survey was not to miss out on useful experience at the company but to 
pay the experience forward from the old production to the new production and particularly 
what works well and what does not concerning aspects of material handling, material flow 
and equipment. 

Before creating the questions for the survey in general methods on how to design 
questionnaires were studied. The questions were developed parallel with informal interviews, 
and with involvement from employees and colleagues. A variety of response alternatives were 
chosen for the survey, in order to get as much information as possible about the issue. 

Several people with relevant knowledge and a small group of future respondents reviewed the 
questions in a pre-test.  The language was also controlled so that all workers would be able to 
understand and answer the questions. 

Three questionnaires were given out, one for material handlers, one for operators and one for 
the supervisors. Most of the questions were the same which made it possible to compare the 
respondents groups and answers.  

All material handlers, line leaders and supervisors at P131 have taken part in the study but 
given that there are a large number of operators, only some of them were randomly selected to 
make their contribution. A choice of 60 respondents are sufficient to get a legitimate result 
and because of the fact that it is time consuming for the employees. A cover letter explaining 
the purpose, objective, information regarding the evaluation and anonymously/ privacy was 
on the front page of the questionnaire. The workers had limited time for participating in the 
questionnaire survey, in order to keep the mirror line running only one worker at a time could 
complete the survey.  

In order to make the survey as relevant as possible for the workers and to get the best feasible 
outcome, the thesis authors have cooperated with employees within the area, especially 
material handlers and supervisors, who all have been a great help for the implementation of 
this survey. 

AFFINITY DIAGRAM 
Affinity diagram is one of the “Seven management and planning tools”. It is an aid to 
structure a great quantity of verbal data into natural relationships in order to identify problems 
and to discover the root causes behind the problems (Klefsjö et al., 1999). 

The affinity process is recommended to use when grouping ideas generated from 
brainstorming and when analysing large amounts of verbal data, such as a survey results 
(American society for quality homepage) [7]. The tool encourage creativity, aloud consensus 
for the project group and a greater understanding of the real problem (ibid). 

The project team usually consists of a group between 4 - 7 people with different experience, 
the procedure starts off with choosing an issue to focus on and to define the problem as a 
question. The team members write down answers to the question individually on small notes. 
The notes get grouped into head groups and sub groups by the team together. Then all head 
groups are prioritised individually by the group members separately through marking. The 
total scores are calculated and thereby the head groups with the highest scores are to be 
prioritised (Klefsjö et al., 1999). 
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IMPLEMENTATION OF AFFINITY DIAGRAM 
To gather all useful experience and knowledge from the P131 model production, a survey was 
handed out to the employees concerning mostly material handling aspects. Since the survey 
contained several open questions the affinity diagram was chosen as an analysing tool, partly 
because of the great amount of verbal data but also for its suitability.  

The participated opinions about the topic of what works well and what does not within the 
P131 area, the predecessor to P356, were sorted out into different groups depending on 
relationship. The frequencies of one opinion in the survey decided if it was going to be 
prioritised to be solved or not. 

TIME STUDIES 
Work standard is the time required for a trained worker to perform a task following prescribed 
method with normal effort and skill. When looking upon human output, aspects as skill, effort 
and stamina have to be taken in consideration while these vary from one person to another. 
Work standards are used when looking upon capacity planning and time standards to 
determine projected capacity requirements for given demand requirements. When looking 
into work-force staffing decision time estimate might be required. The method used most 
often for setting time standards for a job is called a time study (Krajweski and Ritzman, 
1996). 

The time study method consists of four steps, which are the following: 
1. Selecting Work Elements 

Each work element should have a definite starting and stopping point to facilitate 
taking stopwatch readings. Work elements that take less than three seconds to 
complete should be avoided because they are difficult to time. 

2. Timing the Elements 
One method of timing is continuous method, which means recording the stopwatch 
reading for each work element upon its completion. An average observed time should 
be stated, with only the representative times, called the select time (t).  

3. Determining Sample Size 
To receive an average time estimate that is close to the true long-range average, 
sample size (n) needs to be determined which depends on desired confidence, select 
time and so on. 

4. Setting the Standard 
In this step the performance of the workers, during the time study, is estimated. This 
is carried out in order to find the normal time. 

IMPLEMENTATION OF TIME STUDIES 
The time study was made in order to get general times for basic material handlers work tasks, 
this in order to estimate the time needed to carry out the material handling for the P356 area. 
The results were also used as the foundation when looking at layout aspects for ingoing parts 
to the mirror. The time study was carried out partly with people inexperienced from a material 
handling point of view for some of the work tasks. The reason for this is that the time to carry 
out these particular tasks is not affected by how experienced the person is in material 
handling. Other work tasks, where experience plays a part in terms of times, the assembly 
area P131 and its material handlers were studied. 
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ERGONOMIC ANALYSES 
Kodak’s graph on acceptable occasional lifts is a guidance tool when analysing current 
designs or when designing new objects.  The graph only takes three factors into consideration, 
weight, horizontal location and vertical location but is easy to use and gives an indication 
whether the lift is acceptable or not (Kodak, 2003). 

Low back pain (LBP) and injuries attributed to manual lifting activities continue as one of the 
leading occupational health and safety issues facing preventative medicine. Despite efforts at 
control, including programs directed at both workers and jobs, work-related back injuries still 
account for a significant proportion of human suffering and economic cost. The NIOSH 
equation was designed to assist in the identification of ergonomic solutions for reducing the 
physical stresses associated with manual lifting. The revised equation reflects research 
findings published subsequent to the publication of the original NIOSH equation (1981) and 
includes consideration of additional components of lifting tasks such as asymmetrical lifting 
and quality of hand-container couplings, as well as a larger range of work durations and 
lifting frequencies than the 1981 equation [8]. 

IMPLEMENTATION OF ERGONOMIC ANALYSES 
The graph applies to work tasks that are carried out less than once every five minutes but have 
been used as guidance when looking at which online racks that definitely needs to be 
investigated. A way of determining the degree of priority that should be assigned to resolving 
a given handling task is to evaluate what percent of a mixed male and female population will 
find the task acceptable at a given weight. If less than 50 percent of the population would find 
the lift acceptable, it is a problem job that represents about 75 percent of the women and 25 
percent of the men who are at risk for overexertion injuries. Since Kodak’s graph only takes 
weight and height in consideration, NIOSH revised lifting equation was used as a 
supplementary tool. This was made in order to get at more complex evaluation and a better 
understanding of how the online racking were affecting the material handlers work 
environment, see section 5.4.3 for results. 

NIOSH revised lifting equation has been used for calculating the Recommended Weight 
Limit (RWL) and the Lifting Index (LI). These indexes were calculated in order to get a better 
understanding if measures have to be made and how critical the circumstances are.  
A worse case scenario, i.e. the maximal vertical distance, moving a bin from a WIP roller rack 
or a sack truck to an online rack, has been used when the online racks were studied. This 
should be kept in mind when considering the results. A special frequency adjustment 
procedure has been used when looking at frequencies; this is due to the manual handling 
being carried out differently depending on the person carrying out the task. The amount of 
refilling times and related lifts during one day have been calculated and a section of 2.63 lifts` 
a minute have been used in all the analyses of the RH and LH as well as the common racks 
for all mirror lines. For the PO line this section was calculated to 1.7 lifts `a minute. It should 
be kept in mind that this is a section made for all lifts refilling the racks. 

One of the variables is the vertical location in the end of the lift, the upper limit for the 
variable is 175 centimetres where as three of the online racks; jigs E, BF and I couldn’t be 
evaluated with the equation since they all exceed this limit. 

2.5.2. SECONDARY DATA 
Secondary data is information collected by other people, scientist or institutions according to 
Hartman (2004). Secondary data is not usually enough to gather all required information since 
it usually is angled; this is because it is almost impossible to be objective when finishing a 
report (ibid). 

LITERATURE STUDIES 
The authors have used secondary data to get a better understanding in current subjects, 
through literature studies. Relevant topics are Production, Lean manufacturing, Inventory, 
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Material handling etcetera. Literature search has been conducted in certain data bases at 
Luleå Technology University Library, University of South Australia and also Lunds 
University Library. Also the data bases Emerald and Ebesco have been used to search for 
scientific articles; these gave a better understanding about the extensive material handling 
process but have not contributed to the theory frame of references. 

SEARCH ENGINES 
The authors have also been using the search engine Google on the Internet, example of search 
words are: optimal material handling, material handling equipment, work environment 
regulations and Six sigma. 

DATABASE 
Other secondary data have been collected from Schefenacker SVSA intern ERP, AS400. In 
AS 400 data such as bills of material, cycle times, and parts origin are kept and available for 
employees. CONFIDENTIAL INFORMATION. Data concerning the P356 have been 
reviewed since suspicion about not updated information has been a concern. Data regarding 
the company’s standard for safety and ergonomic issues was assembled from Schefenacker’s 
Intranet. 

Drawings for concerned areas and over products have been accessed through the network at 
Schefenacker, as well as forms and standards for time studies. 

2.6. PROBLEM WITH METHODS 
The authors strived to achieve great correlation between the theoretical and the empirical 
variables which implies that high validity and reliability were the goal achievement. Some 
data could have been truthfully and never the less going to be changed, the authors are well 
aware of but have tried to counteract through using more than one way to collect information 
or used the worst case scenario. 

2.7. TOOLS 
The thesis workers have used a number of different tools to analyse the data collected, some 
have been slightly modified to better suit the purpose of its use. Several computer programs 
have been used during the project, in order to compile data and present results in a 
comprehensive way. The tools used are listed below. 

PROCESS CHART 
In order to have greater understanding for the process of the product, a process chart was 
made, see appendix A. This allowed the thesis workers, in an organized way, record all the 
activities performed to obtain the final product.  

SPAGHETTI DIAGRAM 
A flow chart was created to get an understanding of the material flow, see appendix B. It gave 
the authors a visualisation of the parts origin, and also a better picture over the aisles which 
were going to be filled with activities. 

SPECIFICATION OF REQUIREMENTS 
A requirement of specification was established in the beginning of the project. This tool 
helped to clarify what requirements must be achieved and it also allowed the thesis workers 
and Schefenacker, in a quantified manner, compare the different suggestions of layout and 
material handling. The requirement of specification can be found in chapter 6. 

ERGONOMIC ANALYSIS 
NIOSH revised lifting equation is a tool to evaluate a variety of two-handed manual lifting 
tasks. It has been used to get an understanding of the ergonomic situation for the material 
handlers and which areas require further investigation regarding a healthy work environment 
and to prevent work related injuries. Lifting Indexes for the material handler’s work tasks 
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have been calculated, for results and for further understanding please see section 5.4.3 and 
appendix C. 

COMPUTER  
To collect data Schefenacker’s database system A\S 400 have been searched, to compile and 
analyse the data Microsoft Office Excel 2003 have been used. Communications with 
employees have often been through email, using Lotus Notes 4.6. The drawings have been 
made in AutoCAD light 98 and concepts have been drawn in AutoDesk Inventor 11. Further 
the report is written in Microsoft Office Word 2003 and the presentations made in Microsoft 
Office PowerPoint 2003. 

PATTERNED SEARCH 
Patterned search is a technique for finding an ideal location, in this project it was used for 
finding an ideal location for storage of different ingoing parts for the P356 mirror. A 
coordinate system was set up of the mirror assembly area and associated racking, where the 
centre of gravity for the different ingoing parts were calculated and marked, see figure 10. A 
coordinate system over all concerned parts and further explanation could be found in 
appendix D. The centre of gravity was used as a starting point when looking upon the most 
advantageous storage areas for parts. 

 

Figure 10 Part of coordinate system with gravity point for the mirror lines 

2.8. VALIDITY AND RELIABILITY  
No matter which method used for gathering of information it must be critical reviewed in turn 
to decide how reliable and valid the result data is (Bell, 2000). 

Reliability and dependability is by Bell (2000) defined as a measurement of which extent a 
course of action result in through the same conditions but during different occasions. Patel 
and Davidson (2003) claims that reliability is all about how well an instrument can resist 
haphazard, random meaning, in different kinds. 

Validity is according to both Bell (2000) and Patel and Davidson (2003) a measurement on 
how well one investigation measures or describes what it was suppose to be measuring or 
describing, i.e. absent of systematically errors. Validity can be divided up into intern and 
extern validity, where as intern indicate if the result of an investigation consents with reality. 
(Dahmström, 2000)  Extern validity is when it is possible to come to general conclusion 
(ibid). Validity can be guarantee through using triangulation, disambiguation, which is 
according to Andersen (1998) that two different starting points is used to facilitate a third in 
order to balance the single methods’ source of errors. 

 

 
 
 
 

CONFIDENTIAL INFORMATION 
PRODUCTION CELL 
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Reliability and validity is associated with each other during the research process since it is 
impossible to have valid but no reliable facts, i.e. that an increase in validity also stands for an 
increase in reliability (Merriam, 1994). 

IMPLEMENTATIONS OF RELIABILITY AND VALIDITY 
The project group, the authors, has been trying to increase the reliability through creating a 
high validity and also carefully explained the variety of different issues. 

To create a high validity the authors have used triangulation through: multiple methods, 
multiple data sources, and multiple investigators (both authors present during observations 
and interviews) and also multiple theories. All compiled data have continually been reviewed 
and updated by supervisors so that the authors recorded the information correctly. 

In order to increase the reliability of the survey, it was carefully tested by future respondents 
and the survey questionnaire began with a missive letter, telling how important it was to get 
honest answers in order to improve their future work area. 

HIGH RELIABILITY  HIGH RELIABILITY  LOW RELIABILITY  LOW RELIABILITY 
HIGH VALIDITY LOW VALIDITY HIGH VALIDITY LOW VALIDITY 

Figure 11 Explanation of the validity and reliability, idea from Foster (2004) 
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3. THEORETICAL FRAMEWORK 
The chapter reviews the literature which has been used in the project. The presented theories 
and philosophies have served as a foundation for the development of conclusions and 
recommendations which have been the result of the project. 

3.1. GENERAL THEORY 
Lean thinking plays an important part in the automotive industry as well as in Schefenacker’s 
organisation. According to Tim Van Gasteren (2006-03-06) the company might not be all set 
for a total, strict lean production according to the theories, rather it is important to make 
compromises and sacrifices when carrying out lean thinking practically. To take one step at a 
time and to constantly aim for a leaner organisation should be the ambition. The thesis work 
and its outcome have been based upon lean thinking, the concepts developed have all been 
founded upon this philosophy. 

3.2. LEAN THINKING  
Lean thinking is a management philosophy focusing on reduction of what is seen as wastes in 
an organisation. The Japanese word muda means “waste” and according to Womack and 
Jones (2003) it specifically means any human activity which absorbs resources but creates no 
value: production of items no one wants so that inventories and remaining goods pile up, 
movement of employees and transport of goods from one place to another with no purpose, 
groups of people in a downstream activity standing around waiting because an upstream 
activity has not delivered on time, and goods and services which don’t meet the needs of the 
customer. Further Womack and Jones mean that in short, lean thinking is lean because it 
provides a way to do more and more with less and less – less human effort, less equipment, 
less time, and less space. Depending on researcher and authors the lean concept is described 
differently, but the focus is always on reducing or eliminating activities that are not creating 
value. Within Lean Thinking there is the term Lean Production, which is further divided into 
four areas by Womack et al (2003); Lean product development, lean manufacturing, lean 
suppliers and lean customer relation.  

According to the company’s homepage [4], Schefenacker is well ahead of its competitors in 
the implementation of lean manufacturing principles throughout the business. Through an 
ongoing drive to eliminate waste, award winning factories are among the most efficient and 
productive in the world. Schefenacker has adopted lean principles into management structures 
and business process, as well as encouraging best practise in the supply chain. 

3.2.1. LEAN MANUFACTURING 
According to Ståhl (2000) Lean Manufacturing can be looked upon as a model build up of 
two main parts, see figure 12 for an illustration. These two parts are an administrative part and 
an improvement part, which both are parts of an organisations every day activities. In the 
administrative part the main goals is to maximise the productivity and quality with 
determined work routines, production control and technical system. To receive a good 
administration is mainly determined out of how well the company succeeds with developing 
the employees with respect to motivation, knowledge, flexibility and employee stability. The 
foundation for the improvement part is within two supportive systems for visualisation for 
disruption in the refining flow and system which support the employees in their development 
regarding competency, attitude, and motivation etcetera. The systems of visualisation do not 
only make the problem visible (i.e. possibilities) they also function as an aid to prioritise and 
form incitements to work with the problems (Ståhl, 2000). 
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3.2.2. JUST-IN-TIME 
Just-in-Time (JIT) systems focus on reducing inefficiency and unproductive time in the 
production process to continuously improve the process and the quality of the product or 
service. Vital elements in JIT are employee involvement and inventory reduction, some of the 
characteristics of JIT systems are pull method of material flow, close supplier ties, flexible 
work force and product focus (Krajweski and Ritzman, 1996). 

3.2.3. 5S  
The name 5S derive accordingly to Ståhl (2000) from the first letter in the five Japanese 
words; “Seiri, Seiton, Seison, Seiketsu and Shitsuke”. The Japanese words have the 
following translation in English and importance (ibid): 

Seiri - part necessary from unnecessary 
Removing of all machines, work tasks, documents etcetera which are not in use of 

Seiton - keep things in order 
Keeping order and mark out where things should be stored, so they easily could be found 
when needed 

Lean manufacturing 
Goal & Philosophies 

 Elimination of losses 
 Just in time 
 Zero mistakes 

Administration 
Maintain existing productivity- and quality level 

Lean manufacturing 
Increase productivity and/or quality 

Tools & methods 
 QC circles 
 SMED 
 Group technology 
 Kanban 
 5 Why 
 5 S 
 Level out production 

 Visualisation 
 Priorities  
 Incentive creating  

Visualisation systems 
 Low stock (JIT) 
 Andon 
 Statistical follow-up of machine utilization, 

discards etcetera

 Motivation 
 Knowledge 
 Flexibility 

Employee stability 

Employee related systems 
 Education 
 Employment procedure 
 Wage system 
 Equality 
 Safety and work environment 

Figure 12 Dynamical ensemble in manufacturing which generates continues improvements, from Ståhl (2000) 
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Seison - keep tidy 
Employees keeping there own work place tidy 

Seiketsu - keep yourself clean  
Employees responsible for appropriate appearance 

Shitsuke - discipline 
Employees following the company rules  

3.2.4. FIVE WHY 
The origin of problems and disorders in a production system are often several, resulting in a 
visible disorder. When measures are taken to prevent the problem it is important that the 
causes are eliminated instead of trying to deal with the symptoms. Taiichi Ohno’s recipe to 
avoid the problem is to ask oneself the question “why” at least five times before one can be 
quite sure that the root to the cause is revealed (Ståhl, 2000). 

3.3. TOTAL QUALITY MANAGEMENT 
Today it is common that companies integrate quality issues in their daily work. This kind of 
acting is often referred to Total Quality Management, TQM. The overall aim with TQM is to 
increase the external and internal customers’ satisfaction with a reduced amount of resources 
(Bergman and Klefsjö, 2001). According to the professors the foundation for a successful 
TQM work is a well committed and an engaged top management. The authors also allege that 
with the intention of success the components to the right, in figure 13, are as important. TQM 
is a continuously evolving system, the core values shift over time depending on the work. 

TOOLS 
Process charts 
Ishikawa Diagram 
Affinity Diagram 
ISO 900X 
 

TECHNIQUES 
Six Sigma 
Quality Function 
Development 
Process Management 
Benchmarking 
Self assessment 
Design of Experiments 

    VALUES 
Focus on the customer 
Focus on the processes 
Base decisions on the 
facts 
Let everybody be 
committed

Figure 13 Components of TQM, from Bergman and 
Klefsjö (2001)
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3.4. MATERIAL FLOWS AND HANDLING 
The operations process chart (OPC) is arguably the most useful tool in material handling 
analysis, work simplification, and the development of plant layouts. Frequently, traditional 
OPC’s does not show all potential materials flow. The planner must remember to take into 
account those important flows that would normally not appear in the mainstream of activity 
but could cause problems later on. Scrap from press shops, cardboard from unpacking 
operations, empty containers or pallets, etc., should all be checked out thoroughly for 
handling volume and methods. A flow that is quite frequently overlooked is the internal return 
flow of empty containers for example totes, baskets and pallets to the starting point of the 
operation (Phillips, 1997). 

3.4.1. LAYOUT 
Manufacturing can be divided in different ways, one is in respect of how the material is 
handled through its processing, and another is according to how the production fixing is 
arranged. Ståhl (2000) chose to distinguish three different layout types, which are often is 
related to production volumes. 

• Product oriented layout  
Processing, assembly etcetera is often carried out in one and the same place due to the 
size and weight of the product. The layout is common to use if production times are long 
and the batch size small, or in one piece production. 

• Functional oriented layout 
Machines are arranged after type of process operation. This type of layout gives 
possibility to have a wide range of products since the process sequences can vary when 
required, the drawback is a complicated material handling, long internal transports and 
often the waiting time for machine processing is long. This layout is common when 
having batch production. 

• Flow oriented layout 
Machines are arranged according to process- operation order for a specific product in 
order to have a foreseeable production flow through the factory. The layout gives a higher 
production output but demands more fixed installation for material handling equipment 
among others, and is for that reason is not suitable for long series and mass production. 

3.4.2. WORK IN PROCESS 
Any job in a waiting line, moving from one operation to the next, being delayed for some 
reason, being processed, or residing in component or subassembly inventories is considered to 
be work-in-process (WIP) inventory or pipeline inventory. This measure can be expressed in 
units (individual items only), number of jobs, dollar value for entire system, or weeks of 
supply (Krajewski and Ritzman, 1996). Toomey (2000) means that the function of work in 
process inventory is to level out the work flow as much as possible and at the same time allow 
for efficient manufacturing operations. The author further clarified how a reduction in work in 
process translates into reduced lead time and therefore greater flexibility in manufacturing. 

3.4.3. PULL SYSTEM  
One of the concepts of Just-In-Time manufacturing is the so called pull system which is used 
to control the material flow. It is built up so the production requirements are generated by the 
actual rather than the anticipated needs of the system, which often is based upon forecasts and 
referred to as push system. In a repetitive environment the pull system has two functions 
which are (Toomey, 2003): 

• Bringing the material to the using operation only when it is called for 
• Authorising the replacement of the material  
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The advantage of the pull system is that only sufficient stock is held to meet the immediate 
demand for a few hours or days. The effective supply lead time is arranged to be short (JIT) 
and the deliveries frequent, so therefore the stock can be very low (Tony Wild, 1997). 

One of the operational methods used for pull system is Kanban. The Kanban system is built 
up by standard containers or cards, which acts as a request for material when needed and is 
sent to the closest preceding workstation and the production is “pulled” from demand. The 
container or card will identify the item, the quantity required and where it is required 
according to the authors (Tony Wild, 1997). 

3.4.4. MATERIAL HANDLING  
According to Heragu (1997) and the JIT philosophy, material handling does not add “value” 
to the product but is considered to be a “necessary waste”. 

Material handling is summarized by Tompkins et al (1996) as an activity that uses the right 
method to provide the right amount of the right material at the right place, at the right time, in 
the right sequence, in the right position, and at the right cost. According to this the material 
handling function should be looked upon from a broader perspective than only as a simple 
material transfer activity. The major function of the material handling system is to transport 
parts and material between various stages of processing. According to Apple (1997) one need 
to seek thorough answers to six major questions to arrive at a suitable material-handling 
solution. These are: 

• Why (select material-handling equipment) 
• What (is the material to be moved) 
• Where and when (is the move to be made) 
• How (will the move be made) 
• Who (will make the move) 

Table 1 Material handling principles 

 
When seeking a material handling solution, the College Industry Council on Material 
handling has further identified 20 important principles. These form a basic foundation which 
can be used when analysing, planning and managing material handling activities and system. 
The principles are provided on the home page of Material handling industry of America [9]. 

Principle  Meaning 
Orientation  Thoroughly study the problem and identify problem areas, constraints, and goals. 
Planning Develop a plan that meets our basic requirements, is flexible, and includes desirable features. 
Systems Integrate various activities such as receiving, shipping, production assembly, and so on. 
Unit load Make the unit load size as large as possible. 
Space utilization Use the cubic spaces as effectively as possible. 
Standardization Where possible, standardize equipment and methods. 
Ergonomic Design equipment and methods that allow effective interaction between humans and 

machines. 
Energy When evaluating handling equipment, examine energy requirements and costs.  
Ecology To the extent possible, use methods and equipment that minimize adverse effect on the 

environment. 
Mechanization Where possible, mechanize methods to achieve efficiency. 
Flexibility Use methods and equipment that provide the greatest flexibility. 
Simplification Simplify, combine, or, if possible, eliminate unnecessary moves or equipment.  
Gravity Use gravity as much as possibly to transfer material, keeping in mind safety and product 

damage. 
Safety Use safe handling equipment and methods. 
Computerization To the extent possible, computerize to achieve better material and information control. 
System flow Integrate material and information flows. 
Layout Evaluate each alternative layout and select the most effective and efficient one. 
Cost Evaluate each alternative solution and select one based on cost per unit handled. 
Maintenance Perform preventative maintenance. 
Obsolescence Develop an equipment replacement plan based on after-tax life cycle cost. 
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3.5. WORK ENVIRONMENT  
The thesis workers believe a good and healthy work environment should be granted for all 
employees irrespective of employer. If a sound work environment is achieved the employees 
are able to perform well and stay healthy at work, which also makes it a cost saving in the 
long term for the company to invest in improving work environment. 

3.5.1. PHYSICAL WORK ENVIRONMENT  
Problems or injuries in muscles, tendons and joints are one of the most common causes of 
employees being absence from work.  Investigations show time after time that problems are 
often caused by excessive, prolonged or monotonous loads and is one of the main issues in 
the work environment. A high absence rate due to sickness from work injury, actions for 
rehabilitation and disturbance in production results often in extensive costs for companies and 
society. At the same time a lot of individuals suffer from aches, pains and sometimes 
permanent disabilities. The human body is created for movement. To maintain the body’s 
function an adequate amount of movement, load and recovery is needed. 

In assessments of work situations the term load dose is often used, which is a measurement of 
the total load. The load is calculated from a combination of how much, how heavy and how 
often one has worked. It is understandable that a high load dose could break down the tissue 
in the body. But that also a too low load dose can have negative effects could be more 
difficult to realise. Different types of loads, which are described below, seldom occur alone in 
work situations rather they often arise combined with one and another. 

Occasional heavy load, such as a heavy lift, could result in a risk for acute overload. Troubles 
can also come up when a work task include repeated moderate loads if the work is carried out 
for a long period of time, such as working as a cashier.  

Static muscular effort means that the muscles are tensed without movements in the joint 
where the muscles are stretching over. It is often enough with the body’s own weight for the 
body to become overloaded in static muscular effort.  

When the same body parts are used in a similar manner over a long period of time without 
recovering or variety, the muscles and joints are exposed for monotonous repeated loading. 
Repetitive loading can, as static muscular effort, cause problems and if the work conditions do 
not change there are risks for injuries. 

Favourable loading characteristics are reoccurring variety, balance between activity and 
recovery as well as restriction in time. Favourable loading could be very different from person 
to person, depending of their individual conditions and sensitivity. 

People have different prerequisites for managing physical demands. The prerequisites vary 
with physical and physiological power, with body size, gender, age, experience, condition, 
motivation and possible handicaps. Starting point in the law of work environment is a balance 
between the demand of the work and humans prerequisites, in the first place it should be 
shaped through work adjusted to the human (AFS 1998:1). 

3.5.2. PSYCHOSOCIAL WORK ENVIRONMENT 
Mental loading can cause tense muscles and therefore reinforce the effects of the physical 
loading. Examples on factors which can contribute to increase the physical loading are severe 
time strain, too high expectations or high concentration when handling fragile equipment. 
Other negative factors are insufficient room for manoeuvre, and insufficient social support. 
But it is only if all current factors in the work environment are seen in total that a good work 
environment can be achieved (AFS 1998:1). 
How the organization is structured will affect the social work environment and is of high 
importance. An organizations structure elucidates for the employees what to do, how to do it 
and whom to report to according to Robbins (2000). This of course affects the employees’ 
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behaviour and attitudes. An indistinct structure with vague rolls often results in that energy 
and investments is misplaced declares Bolman and Deal (1997).  
The authors’ states that during a change it is highly important to conform the new structure 
and rolls, and to get the information well integrated with the employees. When people do not 
know what they are expected to do, when employees are unaware of their new obligations and 
responsibilities, confusion and insecurity can easily occur. This result in, of course, that the 
change gets more complicated to implement (ibid). 

Robbins (2000) claims that resistance towards a change occurs when individuals’ positions 
are being threatened, the new structure is not well defined and when the structure does not 
fulfil set demands.  

Robbins claims that a good communication can affect workers behaviour, motivation and 
their emotions. An open communication canal can decrease the risk for issues during changes; 
it also clarifies rolls and structure (Bolman and Deal, 1997).  

According to Sandkull and Johansson (2000) “the employees are a company’s greatest 
resource” and in order to achieve a meaningful organisation six general psychological 
demands can be specified: 

• Possibility for a stimulating work 
• Possibility to learn 
• Possibility for responsibility 
• Possibility for appreciation and respect 
• Possibility for understanding of importance 
• Possibility for career making  

The same authors state that there should be good flexibility between the different work tasks 
within a group. This will result in when someone is absent it will not cause any problems or 
stressful situations for other employees.  

Management needs to create a good communication base for all levels and also between the 
levels within the organisation. The employees need to be informed about important changes 
made by the management and also what is on the upcoming agenda (Sandkull and Johansson, 
2000). 

The organisational culture within a company affects how employees perform in their daily 
work roles (Robbins, 2000). The author state that communication can guide employees’ 
behaviour in the correct direction, increase employees’ motivation and also influence on their 
feelings regarding work. 

Groups working as a team can coordinate their efforts in order to achieve a greater united 
result than possible to be accomplished on an individuals’ performance level. Other positive 
aspects with working as a team are that groups’ react faster to alterations and also benefits 
more from an individual employees’ capacity (ibid). Bergman and Klefsjö (2001) accentuates 
the importance of motivation for work satisfaction, that motivation is closely related to work 
satisfaction that it affects the employees’ way of contributing to work assignments, which in 
the end affects the company’s result and success. 

Possibility to be involved in the decision making and to control work situation creates 
motivation, more productivity and satisfaction among the employees according to Robbins 
(2000). But according to the authors, in order to manage this feeling the culture within the 
organisation needs to be supportive and also to provide co workers with enough education.  

Frederick Herzberg researched the sources of employee motivation during the 1950’s and 
1960’s, he discovered a dichotomy that stills intrigues managers: The things that make people 
satisfied and motivated on the job are different in kind from the things that make them 
dissatisfied.  The growth or motivator factors that area intrinsic to the job are: achievement, 
recognition for achievement, the work itself, responsibility, and growth or advancement. The 
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dissatisfaction-avoidance or hygiene (KITA) factors that are extrinsic to the job include: 
company policy and administration, supervision, interpersonal relationships, working 
conditions, salary, status and security. Herzberg means that the motivators are the primary 
cause of satisfaction and the hygiene factors the primary cause of unhappiness on the job 
(Harvard Business Review on motivating People, 2003). 

A co-worker can get paid after amount of controllable tasks. This could be used as a 
motivation push both for blue- collars and white- collars workers, according to Robbins 
(2000). The most favourable affect of payment after skills is that it could conduct in a more 
flexible organisation, better understanding for other co-workers assignments and on the whole 
it creates an atmosphere with more generalists than specialists. The employees can for 
example get compensated for hard tasks and when they are improving skills in 
communication, management and are being supportive in the development work. Possible 
negative outcome of this is when for example rehearsal training is scheduled so it should be 
prioritised that the knowledge are kept intact (ibid). 

3.5.3. SAFETY LEGISLATION AND OCCUPATIONAL HEALTH AND 
According to Samson (1995) a safety plan is required for health and safety in a workplace. 
Safety planning must be a continuous process and the main objective should be zero 
accidents. Samson describes a few essential elements that should be included in a safety plan, 
listed below. 

• Plant – The design, layout and inspection of the plant and equipment. 
• Processes – Design and monitoring of the processes to minimise the possibility of 

malfunction. 
• The workplace should be clear and with clearly defined access ways and fire exits. 
• There should be clean and hygienic wash and eating areas. 
• Procedures – Preparation and practice of major emergency and first aid procedures 

in the event of a hazard situation. These should be easy to find and in form of general 
plans and guides. 

• Protection – Provide protective clothing and other equipment, which would be 
necessary in the process. Prevent instead of protect. 

• Culture – Creation of a safety conscious culture among the employees. 
Emergency exits and other necessary safety equipment must of course be easily available. 
Disturbing or dangerous activities need to be screened off in order to prevent any unnecessary 
incidents. Only employees having the right training should take care of any possible 
dangerous activities. To prevent accidents, forklifts and workers should be separated as much 
as possible. Aisle ways where forklifts are used must be clearly marked or screened off 
(ibid.). 

Occupational health and safety legislation imposes responsibilities on employers to provide a 
safe and healthy workplace. Employers are usually defined to cover all levels of management 
and supervision to the extent of their control. The principal Acts in Australia, New Zealand, 
Singapore, and Malaysia impose a general duty of care on employees (Nikki Ellis, 2001). 

In terms of health theory, OHS (Occupational Health and Safety) is health protection. The 
primary purpose of OHS programs is to identify hazards in the working environment, and 
then assess and control risks. OHS law imposes a general duty of care on employers to 
provide a safe and healthy working environment, thereby supporting the hierarchy of control 
principle in which environmental change is given priority over behavioural change. The role 
of workers, other than health and safety representatives, is passive. It is assumed that all 
workers react to health risks in the physical environment in standard fashion (ibid.) 
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3.6. SUMMERY OF THEORIES 
Lean thinking permeates the main work in the thesis as well as in Schefenacker’s 
organisation. An important part from the theories that has been used in thesis is the Lean 
manufacturing part in Lean thinking. Its two main parts, the administrative with the main goal 
to maximise productivity and quality through work routines and production control among 
others and the improvement part that contain visualisation systems and support system for 
development of the employees play an important role in the outcome of the analyses and 
results in the thesis. 

Apple (1997) claims that six major questions regarding material handling needs answers to 
arrive at a suitable material handling, the thesis workers has sought answers and also used the 
principals set up by the College Industry on Material handling when looking at current 
situations and solutions. A safe and healthy work environment have been a matter of course to 
build up the material handling around, where ergonomics, physical loads, safety as well as 
organisational structures have played an important part in the outcome of the thesis. 

The general aim with this thesis is to increase all customers’, both internal and external, 
satisfaction with a reduced amount of resources. That is why TQM thinking has been an 
integrating method in the thesis work process. 
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4. CURRENT SITUATION 
The following chapter describes the general information of the plant and information given 
for the P356 mirror project. It also contains description of related production issues of the 
former P131 model as well as aspects in current layout and production that will affect the 
planning of the P356 material handling. 

4.1. PLANT LAYOUT 
The plant is approximately 160x80 meters and can be divided into two main production areas; 
moulding areas and assembly areas. The assembly areas are spread out in the plants, two 
major assembly areas are the assembly lines for the truck mirrors P131 and P356 whereas the 
smaller assembly cells are spread out in the factory. The moulding areas are divided up into 
two areas, moulding area 858 and 846. The plant also contains a paint shop, maintenance and 
tool area, lunch- and storage areas. There is one main storage area for finished goods, whereas 
WIP storages are located throughout the plant in closeness to its consumers. Receiving 
dispatch areas for VMI parts and purchased goods are spread out in three different locations 
in the plant. Appendix E and figure 14 shows the current layout. 
 

 
Figure 14 Plant layout 

4.2. GENERAL MATERIAL FLOW AND HANDLING 
The general material flow and handling in the plant will affect the material handling of the 
P356 area. In this section the means of current material handling that will be influencing the 
P356 material handling is described. 

4.2.1. MATERIAL FLOW AND HANDLING 
Most of the material flow is controlled by using a pull system controlled by Kanban cards, 
which are circulated between the different production areas, VMI store, suppliers and 
customers. Buggies, see figure 15, with trolleys are used for internal material handling within 
in the plant, they deliver moulded parts from moulding machines to WIP storage, purchased 
parts from VMI dispatch areas to WIP storage and are also controlling the flow of empty bins. 
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The buggies used to have dedicated routes but due to many recent changes of the plant layout 
the buggy drivers are today only responsible for certain areas, no real routes are planned 
(Campbell 05/06/02). There are three different buggies circulating in the plant, with a 
capacity of between 24-48 bins, depending on sizes of the buggy and the bins. 
 
Vast amounts of purchased parts are delivered 
from the VMI store, which is located one 
kilometre away from Schefenacker. Deliveries 
are made with a truck, which runs once every 
second hour, to three different dispatches areas 
in the plant. Forklifts are used on a regular 
basis for P131 finished goods stored on pallets 
as well as for the handling of general pallets in 
the plant. Manual material handling, from WIP 
storage to assembly cells/ machines, is mainly 
carried out by the supervisor in the area or by 
the operators themselves. It is only the 
assembly cell for the P131 mirror that has 
dedicated material handlers for supplying parts 
and material to the assembly cells, handling 
finished goods and removal of empty bins. 
 
The main finished goods store and the dispatch areas have their own dedicated storemen who 
make sure that things are kept in order, and everything has it own place. The return flows of 
empty bins are handled differently depending on point-of-use and where about to return them. 
In most areas the Chep bins, which are external bins rented per day, are collected by the 
buggy driver who brings them to pallets. The pallets are returned daily to the supplier. The 
internal bins are collected on roller racks throughout the plant, which are emptied by 
moulding personnel when needed for refilling and distribution of parts. 

Forklifts are only used in some parts of the production areas, mainly around the P131 
production area. The aisles that are accessible for the forklifts used today divide the plant in 
two parts, see plant layout appendix E. The aisle way dividing the P356 area with the 858 
moulding area is also wide enough for fork lift traffic, and is used frequently for the finished 
goods leaving the production area to the finished goods store. Automatic roller doors, with 
metal sensors, divide the store and the production floor. 

4.2.2. STORAGE CONTAINERS 
Most of the material and parts that are used in 
production today are stored and transported in 
so called standard containers of different sizes, 
see figure 16. The standard containers in 
plastic can be divided into three different 
categories; internal, external and supplier 
specific. The internal containers are used for 
moulded parts and never leave the plant; they 
circulate between moulding machines and 
point-of-use. The external ones, Chep bins, are 
used for purchased parts and are only rented 
per day; containers circulate from supplier, to 
VMI storage, to Schefenacker, to the rental 
company and finally back to the supplier. The 
supplier specific circulate between Schefenacker and supplier, but are owned by 
Schefenacker. 

Figure 16 Standard containers, 50L, 25L 
and 4L

Figure 15 Buggy 
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To be able to distinguish which category the containers belong to, each category has its own 
colour. The internal are grey or green, while the rented containers are blue and the supplier 
specific black or red.  For different standard containers and sizes, see appendix F. 

Due to the import of some of the purchased parts from Asia, the plastic standard bins are not 
used rather the parts are coming in cardboard boxes. Smaller, more fragile parts such as 
actuator motors are kept in Styrofoam trays supplied from the suppliers. Special designed 
trays in plastic can also be found in the plant, which are mainly used for the purchased arm 
part for the P131 mirror.  

4.2.3. MATERIAL HANDLING EQUIPMENT 
The materials handling equipment used today are basic, and have been used in the plant for a 
long time. For moving pallets in the plant or loading to containers, fork lifts or manual pallet 
trucks are used. When moving smaller amounts of plastic containers shorter distances, sack 
trucks are very common, see figure 17. The sack truck is manual and simple in its design. 
When moving material internally in the plant for longer distances the buggies are utilised. The 
buggies have a flat bed which can hold up to 48 containers depending on bin sizes. The only 
conveyor which can be found in the plant is the one installed in the paint shop, used when 
painting parts. 
 

 
Figure 17 Material handling equipment - Sack truck 

4.2.4. OVERALL WORK ENVIRONMENT AND SAFETY  
Schefenacker strives to provide a workplace that is healthy and safe for its employees, when 
this is achieved an overall good work environment is offered to the employees. According to 
Anna Gregg (27/03/06) the company has a good history and current situation for both work 
environment and safety. Due to this the company is self-insured which is rare among 
companies in Australia. A policy within the company is set up which is called Occupational 
Health, Safety and Welfare which includes eight main objectives; 

• Comply with all relevant health and safety laws, regulations, codes and supporting 
requirements 

• Ensure all managers are responsible and accountable for health and safety of their 
employees and contractors 

• Ensure all employees, contractors and visitors are informed, understand and fulfil their 
health and safety responsibilities 

• Implement and maintain relevant systems, policies, procedures, planning and continuous 
improvement processes, and organisational structures, to support effective health and 
safety practices throughout the business 

• Maintain an active risk management program to heighten awareness, identify, assess, 
control and review risk factors in workplaces and systems 
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• Monitor and report performance against goals, improvement targets, business and 
corrective action plans, audit outcomes, and other measures and benchmarks 

• Provide information, instruction and training to, and encourage effective communication 
and consultation with, all employees on matters relating to workplace health and safety 

Schefenacker’s own nurse, Anna Gregg, has a reception open during daytime where the 
employees can receive advice and healthcare. She also educates first aid officers, which at the 
moment are six people who are spread out among the different shifts in production. When any 
production is taking place there must always be a first aid officer working, having the 
responsibility for taking care of the day-to-day problems concerning safety issues and also 
making sure that current instructions and policies concerning health and safety are respected 
and followed. The company also has a specialist in ergonomic issues, who works part time as 
a contractor. His main work tasks are updating instructions in the occupational dictionary and 
carry out ergonomic reviews in the plant. CONFIDENTIAL INFORMATION. Anna Gregg 
(27/03/06) states that the material handlers are the biggest risk group for work related pain 
and injuries. In total less than 20 people a week seek help from the company nurse, which is a 
distinctive decrease compared to 80-100 people a week eight years ago. 

All new employees have to carry out a job placement test (functional capacity assessment 
test), to find out if they are suitable for the supposed work tasks. If there is any risk for 
injuries found in the test, the person will be transferred to different work areas or placed to 
carry out different work tasks. It is also an aid to find the best suitable persons for certain 
work tasks. It prevents possible occupational injuries. 

If new workstations are designed or current workstations moved or redesigned, a plant layout 
change form has to be completed and signed by a number of people. The reason for this is to 
make sure the companies policies are followed, people that are represented are department 
manager, production manager, production support manager, a health and safety representative 
and the plant manager (Anna Ihs, 01/04/06). One important part of the form is concerning the 
operators working in the area, making sure that they are aware and involved in the changes 
taking place. Another important part is guidelines and questions concerning how the manual 
material handling is affected by the changes. The plant layout change form is divided into two 
parts, one that is to be filled out before the actual change takes place and one that is 
completed afterwards as a guarantee that the change was carried out as planned. 

An overall good impression of the physical work environment concerning the temperature, 
lights, noises and cleanness is received when spending time in the factory. A wide general 
lighting in the ceiling is installed, and when necessary the workstations have additional lights 
mounted on the jigs (Anna Gregg, 27/03/06). The noise levels seem to be within the limits, 
and are only measured when any of the employees are disturbed. Some areas in production 
require ear protection, which is clearly notified by signs and protection is supplied by the 
nurse or safety representatives. There is no ventilation system installed in the shop floor, 
which is also not needed according to Anna Gregg since there are not any machines that 
produce gas or dirt. A climate control system is installed in the plant, it is a so called 
evaporative cooling system which consists of around thirty roof top coolers that keep the 
temperature down during the summer months. Additional to the cooling system, fans are used. 
These are usually mounted to the jigs and are very common around the plant. All offices have 
air condition installed. During the winter- and autumn months the plant is warmed up by 
infra-red radiators mounted in the ceiling, and during the spring- and summer months the 
plant is cooled by fans that are mounted to the jigs or placed on the floor. 
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4.3. P131 MIRROR – LEARNING FROM PREDECESSOR  
A survey was carried out in order to get a better understanding of the employees’ opinions 
about their work environment and work tasks within the P131 area. Focus has been put on 
what works well and areas which could be objects for improvement. The result of the survey 
will be part of the basic data for decision-making of the recommendations for how the 
material handling could be performed at the assembly area P356. In total 60 persons 
participated in the survey whereas 4 responded surveys were declared invalid. Main area of 
interest for this survey was about material handling and flow. People from both shifts have 
participated and the survey took place in the period of March and April, 2006. The 
questionnaire survey is enclosed in the back of the report, see appendix G.  

The following analysis is also based on the questions which required extended answers in the 
survey. There are three affinity diagrams in the end of the report, see appendix H, which are 
based upon respondents’ reflections compiled from the open questions. Two of the diagrams 
show issues in need for reflection and the third what employees experience is working well 
within the P131 area. 

The respondents were asked to rank the statements in the survey depending on how well they 
completely disagreed versus completely agreed with it, the scale contained numbers from 1 – 
6. In some of the questions the respondents chose between yes and no, and several of the 
questions were open questions. 

More than 70 percent of the employees felt that the survey was highly relevant concerning 
their work situation. The survey was divided up into five different parts; personal, work 
environment, material flow, material handling and equipment.  

4.3.1. PERSONAL  
The different occupational role of the respondents; 12 percent Line leaders, 17 percent 
Material handlers, 67 percent Operators and 4 percent Supervisors. In total more than 75 
percent feel satisfied in their daily work situation. The only ones with low satisfaction 
responses were from people carrying out their work tasks on the assembly lines i.e. operators 
and line leaders.  
 
Diagram below, figure 18, shows employees’ grading of their awareness of the philosophy 
Lean Manufacturing’s meaning. 
 
 

 
Figure 18 Respondents’ grading of their awareness of the Lean Manufacturing’s meaning 
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CONFIDENTIAL INFORMATION. Only 60 percent has responded that they feel that their 
opinions and suggestions are being valued by the company. This shows the employees 
perception of how their opinions and suggestions are being valued by the company. 
Supervisors feel that they are being listened to, but in the other groups the opinions vary on 
the issue. The two groups that experience most dissatisfaction in this area are material 
handlers and operators. 

4.3.2. WORK ENVIRONMENT  
More than one fourth experience some sort of work related pain, out of these around 5 percent 
have informed their supervisor about it. About 40 percent of all operators and 23 percent of 
the material handlers experience work related pain. Body parts which people mainly have 
problems with are hand/ wrist, shoulder/ neck and back. Since it is mostly the operators that 
experience work related pains the problems are within the assembly line. Concern areas 
pointed out in survey are; packing station, standing in the same position all day, looking down 
along the line and twisting upper body when getting parts from online racks. Material 
handlers mostly commented on sore legs and back from picking up empty bins all day long. 

Over 70 percent always follow given instructions from example Standard Work Instructions 
and nurse. Divided into the different groups, 56 percent of the material handlers and 75 
percent of the operators always follow the work instructions. 

Almost one third do not report all hazard incidents. The main reason why seems to be that 
they are only looked upon as a minor incidents. 

Over 75 percent feel comfortable with the pace that the work tasks are carried out today. 
There is a connection between the employees who are dissatisfied with the daily work pace 
and who experience uncomfortable stress generated from some of the work tasks. See figure 
19. 

 
Figure 19 Respondents on how they think if there are any of theirs work task(s) that generate 
stress which is uncomfortable, but not unbearable? 

In total nearly 40 percent of respondents experience they have some work tasks which are 
carried out in an uncomfortable but not unbearable pace, see figure 19. When dividing this 
into percentage by occupation; 45 percent of all material handlers experience this, 40 percent 
of all operators and 33 percent of all line leaders. Supervisors do not experience this at all. 
Stressful factors and reasons brought up by the operators are; arm handling, packing stations 
and breakaways. Material handlers experience stress when starting a shift and when the online 
racks are not sufficiently filled, which means they must catch up on what has not been done in 
the preceding shift. Not a good system for empty bins is also brought up as a stressful issue by 
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CONFIDENTIAL INFORMATION. rators and material handlers feel the quotas are 
sometimes set too high, which results in stressful situations. 

  
Figure 20 Respondents grading on how they think the handover concerning the daily work 
situation is working well when changing shifts 

Nearly 95 percent feel that they have sufficient training to carry out their daily work tasks in a 
correct manner. Mentioned by some respondents is that they do not feel that they have 
sufficient appropriate skills in all work tasks. They stated that they receive training for a work 
task once and then the company believes it is enough. Some of the respondents who have 
mentioned this in the survey feel that rehearsal training would be good. 

About 50 percent think the handover concerning the daily work situation is working well 
when changing shifts, see figure 20. Opinions on why this is not working properly are a lack 
of communication between adjacent shifts and also that shifts are not working towards the 
same goal. Brought up in the survey was for example that when changing shifts online racks 
seem to be left without sufficient stock and that some areas are left untidy. 

Over 50 percent of the respondents, material handlers and supervisor, think there is a more 
efficient way to divide the work tasks between the material handlers. 

The communication between the different groups seems in overall to be working well. The 
two areas which shows inadequateness in the issue is operators to the supervisors but 
especially between the adjacent shifts. 

4.3.3. MATERIAL FLOW AND HANDLING 
About 75 percent think that the supply of material to the assembly area is working well. In 
general the material handlers feel somewhat more than operators that this is working well. 
Supervisors experience that this is an average working system  

Almost 90 percent feel that they have sufficient knowledge in the Kanban system to carry out 
work task in a correct manner. 
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Figure 21 Opinions regarding whether material is sometimes missing  

More than 70 percent feel that material is sometimes missing, see figure 21. A comparison 
between the different groups shows that: 67 percent of the material handlers experience this, 
74 percent of the operators and 84 percent of the line leaders. Many employees experience 
problems with this matter and have commented on it in the questionnaire. Operators feel that 
some of the material handlers are “lazy” and don’t do their work properly. They experience 
that they sometimes need to ask, numerous times, before assistance in replenishing the 
missing parts. A fraction of the operators have brought up in the survey that the material 
handlers’ workload is too high and therefore sometimes can not service the mirror line 
properly. Material handlers feel that they sometimes get informed too late about parts running 
out, causing a stressful situation for both parties. Operators feel a lack of an ordered refilling 
system for the material handlers since they need to be informed when parts are required. 

 
Figure 22 Respondents experience if there is occasions when parts are lacking in storage space 

More than 50 percent of all respondents’ experience that parts do have enough storage space 
but looking only at the material handlers’ opinions, there is a drastic contrast, 90 percent of 
them experience that there is not enough storage space for many parts, see figure 22. 

Over 70 percent do not think any material is stored in inconvenient places. Looking only into 
what material handlers think this number is fairly lower, just over 65 percent. Some material 
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handlers wish for the layout to be better planned around ingoing parts to the assembly line, 
where weight and frequencies should be taken under consideration. 

CONFIDENTIAL INFORMATION. 17 percent of the operators experience pain when 
moving parts between online racks and the assembly line. The two major causes appear to be 
lifting heavy bins and twisting the body or body parts all day long. 

The removal of general waste and rubbish from within the P131 area is working well. The 
only wish from the employees is that more of the waste becomes recycled. 

More than 50 percent feel there is a risk to damage a part and thereby jeopardize its quality. 
Out of all material handlers only about 15 percent (one person), while for operators more than 
60 percent experience this. The most common risk of damage to parts mentioned in the 
questionnaire by the operators was when handling the arms, as they seem to scratch other 
parts very easily. The rotary tools used in production have also been brought up as a risk 
factor from a quality point of view. Material handlers feel that they are risking the quality of 
the parts only by accident, dropping parts on the floor. 

4.3.4. MATERIAL HANDLING EQUIPMENT 
More than 75 percent do not experience any problems with any of the current storage boxes, 
those issues and complaints were brought up about are the glass racks, black arm trays and in 
general heavy boxes. Some material handlers’ experience that 12.5L bins could be exchanged 
to 25L bins, depending on the material of course. 

Nearly 80 percent of the material handlers believe that there is not any other equipment they 
could think of which would assist in today’s work tasks, 50 percent of the supervisors agrees 
on the same question. 

4.4. PRESENTATION OF PROJECT P356 
This section describes the general information and production plans for the P356 mirror that 
was given in the beginning of the project and that served as a foundation for the project. 

4.4.1. PRODUCT DESCRIPTION – REAR VISION MIRROR P356 
The assembly cell will produce six different models of the rear vision mirror P356, see figure 
23 for one of the models. The mirror models look basically the same it is only how advanced 
the technology they contain which tells them apart. The P356 mirror is the successor of rear 
vision mirror P131 that has been on the market for nearly ten years. Each model has different 
variations but mainly consists of the same parts. The ingoing parts for the mirror can be 
divided into three different categories; purchased parts, sub assembly parts and moulded parts. 
One vehicle pair consists of one left hand mirror and one right hand mirror, see table 2 below 
for the different models. 

Table 2 P356 Rear vision mirror models 

Model Name (AS400) Common name Part 
number Line 

1 P356 TTT Man RH/LH Manual  1448008/9 RH/LH 
2 P356 TTT Elec RH/LH Electric/lights   1448000/1 RH/LH 
3 P356 Elec Mem RH/LH Electric/lights/memory 1448002/3 RH/LH 
4 P356 EL-PWR OP-RH/LH Electric/lights/PO* 1448004/5 PO 
5 P356 EL PWR-MEM RH/LH Electric/lights/memory/PO 1448008/7 PO 
6 P356 E-PW-M NO SC RH/LH Electric/lights/memory/PO/scalp 1448010/1 PO 
* PO=Power Option, power fold and power telescopic 
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The models are divided into two types of mirrors, manuals which are model 1 to 3 and power 
options model 3 to 6. The difference between the two types is that the power option ones have 
a power telescope- and power fold functions that allows the driver to govern the mirror from 
the inside of the truck. This is useful in situations where the truck has to pass narrow 
passages. For a better understanding of the mirror, see appendix I for an early assembly 
drawing. 

In total the number of different moulded parts used for the P356 mirrors are 51, 42 different 
purchased parts and 12 different sub assembled parts are used for the final assembly on the 
mirror lines. 

4.4.2. PRODUCTION AREAS AND STORAGE 
There are two different types of production areas for the P356 mirror, moulding areas and 
assembly areas. The moulding areas are spread out in the factory, CONFIDENTIAL 
INFORMATION. 18 moulding machines will feed the P356 assembly cell with moulded 
parts, see appendix E. Two of these moulding machines are dedicated to the P356 mirror 
which means that all produced parts will be delivered to the mirror lines. The dedicated 
machines will still have different tools producing different parts which involve waiting time 
for die changes and production of different parts.  

There are three different sub assembly areas which will supply the P356 assembly cell with 
sub assembled parts, these are; the power option assembly cell, the glass assembly cell and 
the actuator assembly cell. See appendix E and figure 14 for a plant layout including the P356 
production areas. At this moment the exact placement of the glass assembly cell is not 
decided, but most likely it will be where it is shown as possible placement at the layout, see 
appendix E. When production starts, the same glass assembly area as for former model P131 
will be used. 

Figure 23 P356 Mirror front and back 
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4.4.3. MAIN ASSEMBLY CELL’S LAYOUT AND ONLINE RACKS  
The total area for the main assembly cell and surrounding WIP storage area is around 
19x18m. The main assembly cell will consist of three different U-shaped lines, see figure 24 
for layout. 

The mirror lines are built up of CONFIDENTIAL INFORMATION. 13working stations. 
Most stations are built up of jigs, these were first set up to be separated and the mirrors were 
supposed to be passed on manually from jig to jig. In the end of 2005 Ford let the mirror 
undergo a test which showed that the mirror flexed back, due to the wind resistance, when 
travelling at high speeds. This resulted in a redesign of the mirror, with more high density 
materials which made the mirror more rigid but also heavier. The outcome was that the mirror 
was too heavy for manual handling in the second part of the mirror line and therefore a belt 
conveyor was built in for transporting the mirror between the jigs. Each mirror line differs 
from the other; two lines are dedicated to produce manual mirrors while the third is designed 
to produce power option mirrors. The manual mirror lines are each dedicated to make right 
hand mirrors and left hand mirrors; this is restricted due to the cage on the conveyor and the 
fixtures on the jigs. The power option line is designed to produce both right and left hand 
mirrors. Feeding of material to the mirror line is done from the outside using online racks, 
which carries the parts in plastic containers or in card board boxes. The area is limited by 
aisles, which are all wide enough for forklift traffic even though it is not desirable. 

Figure 24 P356 Mirror assembly lines; RH, LH and PO 

CONFIDENTIAL 
INFORMATION 
PRODUCTION 

CELL 

CONFIDENTIAL 
INFORMATION 
PRODUCTION 

CELL 

CONFIDENTIAL 
INFORMATION 
PRODUCTION 

CELL 



CURRENT SITUATION 
___________________________________________________________________________________ 
   

___________________________________________________________________________________ 
40 

ONLINE RACKS  
During February to June, 2006, online racking to feed parts to the line have been designed and 
developed. Due to changes in the assembly cell which affect the online racking, these have 
continuously being redesigned to fit the cell. All the online racks are mobile on wheels, and 
they are all designed to store standards bins; 12.5L, 25L or 50L bins. Most online racks have 
several levels, which are built up of gravity rollers which make the bins advance towards the 
operator of the jig as soon as one bin is empty and removed from the rack. Where it is 
possible, a racking level close to the ground is part of the online racking used for the return 
flow of empty bins. The online racks have different heights, which range from return flow 
level at 100 mm above floor level to feeding level at 1810mm above floor level. See figure 25 
for a model of an online rack feeding the cell. 

 
Figure 25 Online racking feeding the mirror assembly cell 

4.4.4. PRODUCTION VOLUMES 
CONFIDENTIAL INFORMATION. Launch is planed the 23rd of October, from that month 
and onwards production volumes will increase until running full production in the beginning 
of 2007. The forecast is to produce about 404 000 mirror sets a year, which in total will be 
about 1700 mirror sets a day. For the division between the different models, see table 3.  
Table 3 Production volumes; division between different models 

Model  Common name Mirror sets a year Percentage of total 
1 Manual  106 080 26% 
2 Electric/lights   129 600 32% 
3 Electric/lights/memory 56 400 14% 
4 Electric/lights/PO* 61 680 15% 
5 Electric/lights/memory/PO 36 000 9% 
6 /memory/PO/scalp 14 400 3% 
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4.4.5. MATERIAL HANDLERS CIRCUMSTANCES  
There is no plan for material handlers and their specific work tasks, the personnel working in 
the P356 area is also yet to be decided. As mentioned earlier, section 4.2.4, a work assessment 
test is always made when new people are employed or when current employees are given new 
work tasks, which also will be applied to the material handlers working in the P356 area. The 
work environment, both physical and psychosocial is still under development and there is no 
real, physical, current situation.  
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5. ANALYSES OF CURRENT SITUATION AND RESULTS 
This chapter describes how the current situation has been analysed, and the findings. The 
emphasis has been on the predecessors P131, layout, material flow, material handling, the 
work environment as well as safety. 

5.1. PLANT LAYOUT 
The plant is build up of two different types of layouts, both the flow oriented layout and the 
functional oriented layout can be found. Moulding areas and the paint shop would accordingly 
to Ståhl (2000) be described as having a functional oriented layout, while the assembly cells 
would have a flow oriented layout. It is common to have different layouts combined in 
companies, and it is working well at Schefenacker.  

Having one of the moulding areas in the corner of the layout could be discussed since it 
causes long distances when distributing the moulded parts to the different assembly cells 
spread out in the plant. When looking only upon the P356 area, it is strategically placed 
between the two different moulding areas which give good prerequisites for an efficient 
material flow for the moulded parts. The P356 areas closeness to the finished goods area as 
well as a dock location for trucks also gives good basic condition for incoming VMI parts and 
the outgoing flow of finished goods. The drawback with the closeness to the moulding areas 
and the non-temperature regulated store is the limitations in expanding possibilities. An 
expansion of the P356 area would be both time consuming and expensive. 

Having three different dispatch areas for VMI- and purchased parts gives shorter distances 
travelled within the plant. Equipment used for internal transportation has less volume capacity 
than the truck that delivers from the VMI store and run more frequent than the truck. 
According to Mark Campbell, senior supervisor in logistics, it would be possible to have a 
fourth dispatch area in closeness to the P356 area.  

The plant service and tooling area is located centrally in the plant which allows good 
closeness for services and maintenance of the machines and equipment in the plant. The 
employees’ rest area and lockers are also centrally placed in the plant which takes up valuable 
floor space but gives good conditions for using the facility and having a good work 
environment. 

5.2. GENERAL MATERIAL FLOW AND HANDLING  
Using a pull system with Kanban cards for withdrawing of material is used extensively in the 
company and in most areas very visual. The flow of material and Kanban cards through the 
factory seems to be very much reliant on the employees carrying out the work tasks, for them 
to know where different material is going and when. Despite having exact routes with times 
schedules for deliveries of material it appears to work fine, one reason is probably the very 
simple and effective Kanban card handling. The equipments used for material handling are of 
very simple character, such as flatbed trolleys and sack trucks. 

5.2.1. MATERIAL FLOW AND HANDLING 
Where the material flow is controlled by Kanban cards in the plant it seems to be working 
well. Not all production areas use Kanban cards, which seem to be more of an attitude of 
“why change something that is working well” referring to that it is working well with out 
Kanban cards. But the drawback that has been recognised in the department that do not use 
Kanban is that a larger stock than needed often is built up, which is against the lean 
principles. 

Using buggies for internal material handling seems, from a transport point of view, to work 
well. CONFIDENTIAL INFORMATION. One concern is that even though it is working well 
today the system is very vulnerable due to the reliance of employees knowledge of where and 
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when to go to different areas. If new employees are employed it also makes it more difficult 
with training and not having routines creates risks of variety which is not desirable. Another 
concern is all the manual lifting that is taking place using a flat bed trolley, all the bins and 
material constantly needs to be placed and removed from the trolley by the trolley driver. This 
concern has not been brought up by any others than the authors, but still seems to be a 
possible risk for an unhealthy work environment. 

According to Mark Campbell the delivery of purchased parts from the VMI store is working 
very well. How often the deliveries could be made is very flexible and is only a matter of cost, 
a possibility if needed would be to have hourly deliveries. The trucks going back and forth 
between Schefenacker and the VMI store have a limited capacity, but the capacity is far away 
from being reached today. 

The return flow of empty bins is fully functional and no concerns are seen in general. Some of 
the rented, external bins are used indoors for moulded parts. The reason for this, according to 
Mark Campbell, is that the company does not have enough internal bins for the moulded 
parts. This should be investigated closer, while the external bins are rented per day and the 
cost is quite high. 

5.2.2. MATERIAL HANDLING EQUIPMENT 
The manual pallet trucks that are used in the plant are very basic and do not have any extra 
features such as quick pump, which allows the person handling the truck to pump a lot less 
times and saving energy when moving pallets. The employees do not experience any 
problems with the ones being used but there is still room for improvements. 

Forklifts are mainly used only where it is needed, which is mainly in the P131 area for 
moving pallets with finished goods. The forklifts doors in the P131 and P356 area are 
controlled by magnetic sensors that are installed under the aisle way and opens the door 
automatic when signal is given. The concern is the lack of vision when both doors used for 
forklift traffic have two way traffic, this is something that might cause an accident in the 
future. 

The sack truck is widely used in the plant, mainly when moving stacks of bins at one and the 
same time. Most employees seem very comfortable with using the sack truck, and while 
observing trained people it looks very simple and moves material quickly and efficiently. In 
combination with using roller racks it is very flexible and it is easy to get the stack of bins on 
the same height as the racking, so no lifting is needed. 

5.2.3. STORAGE CONTAINERS  
The standardised plastic storage containers, often referred to as bins, are used for all moulded 
parts and for a large amount of the purchased parts are very flexible for its use. Almost all the 
storage in the plant is designed to store the storage containers, and most of the material 
handling equipment as well. The 50L bins and the 25L bins have the same “footprint” and it is 
only the height of the container that differs, which makes all the roller racks and most of the 
shelving suitable for both types of bins. The 12.5 L bins is half the “footprint” of the 50L and 
25L bins and the same height as the 25L bin which makes it easy to store in the same shelves 
as the other standardised containers. The different colours of the bins make it easy for all the 
operators and material handlers to keep them apart, and there is no risk of mixing them, see 
appendix F. 
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5.3.  P131 MIRROR – LEARNING FROM PREDECESSOR  
Conclusion was made that the survey concerning the employees’ opinions about their work 
situation was relevant. With 93 percent valid responses from the total population conclusions 
can be made from the data according to the thesis authors. 

Since an extensive survey investigation was made, further analyses and results not relevant 
for this thesis purpose have been presented in the Report of survey made at the P131 area. 
The thesis authors did not wish the valuable information to be lost so decided to make an 
additional report, only concerning the survey which has been handed out to the company. 

5.3.1. PERSONAL 
The majority of employees are satisfied in their daily work situation but the goal should be to 
increase this percentage. This could be accomplished by looking into the problem areas which 
are revealed by this survey. The fact that only line leaders and operators have replied low on 
this topic implies that improving the tasks they perform should be given priority when 
addressing issues arising from the survey 

Schefenacker strives to fulfil the philosophy of Lean manufacturing so the aim should be that 
all employees are aware of its meaning. When the topic got further analysed it showed that it 
was mainly employees in new positions who did not feel confident in their Lean thinking 
knowledge. As education in the area is not yet completed. The thesis writers still got the 
picture that this area could be better explained and more information about the philosophy 
could be given out in the factory. 

CONFIDENTIAL INFORMATION. The low grading concerning the statement is how 
employees’ opinions and suggestions are being valued by the company might be indicating 
that Schefenacker is neglecting relevant and useful information from employees which is a 
missed opportunity for possible improvements. The thesis workers suggested installing a 
proposal activity box but the P131 management disapproved, since it already been tried and 
not been successful. Apparently many of the suggestions were only jokes and inappropriate. 
This might imply that the company culture needs to be altered. 

5.3.2. WORK ENVIRONMENT 
Employees should be informing supervisors about relevant pains which might have an effect 
in the decision about which occupational role the employee should have. All employees are 
not sharing their health problems; this is something that the company should encourage them 
to do, share their health problems. The issues concerning work related pains have been 
discussed with Steve Milanes, Schefenackers’ own Ergonomist. A conclusion was made that a 
manual concerning “Ergonomic aspects at work” should be constructed. This would, for 
example, make it possible for the senior operator to instruct and to help workers perform the 
correct manoeuvres, while carrying out work tasks. 

Material handlers are the group that most often carry out 
work tasks without following given instructions, which 
directions are not being followed vary a lot. This differs 
between all material handlers but usually it has to do 
with lifting more or heavier bins than the company nurse 
recommends. The reason the instructions are not 
thoroughly followed seems to be the feeling of being 
more efficient and in order to save time. Operators do not 
always work according to the instructions, mainly line 
leaders’ instructions and the Standard Work Instructions, 
SWI’s, see figure 26, are being ignored. Similar work 
tasks on the different mirror lines are sometimes not 
standardised which also seem to be one of the reasons 

Figure 26 Standard Work 
Instruction
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why people do not always follow given instructions. CONFIDENTIAL INFORMATION. 
That Schefenackers’ employees not always follow given instructions, such as SWI’s and from 
the company nurse, can have negative affects on for example the quality of the products and 
the health of workers i.e. cause injuries. In order to improve implement rehearsal training, 
constructing the SWI’s in a group consisting of nurse, workers and other people required for 
the issue and re-evaluate process is needed. 

Make the employees aware of consequences of not reporting incidents i.e. a minor incident 
might next time result in a serious accident, could lead to an increase of reporting incidents. A 
natural aim should be encouraging the reporting of all hazard incidents. 

Many operators have commented that the material handlers’ workload is somewhat too high. 
This prevents them from being able to service the mirror line properly and results in lines 
running out of parts. In order to solve this, an improved refilling system would be helpful. 
Also needed is the analysis of the required material handling labour content and a comparison 
to the current situation to determine if the material handlers’ workload is at this time too 
great. Standardised work procedures for all similar work tasks on the mirror lines should be 
implemented. 

The ambivalence in the answering of the question concerning enough skill to carry out work 
task may imply that some people think they do carry out work assignments in the correct way 
where in actual fact they may not. A high level of self confidence combined with a knowledge 
of how to carry out work tasks is important both for the outcome of the product and the 
employees feelings in their work environment. To achieve this repetitive rehearsal training 
and feedback to the employees on work procedures would be an option 

Apparently the handover when changing shifts is an area which could be improved. To 
improve this, the company should encourage all employees to work as a team and also to 
acknowledge the employees efforts for example when something has been done well, or 
members in a shift have managed a high quota, this should be praised. 

Many respondents experienced that there is a more efficient way to divide the work tasks 
between the material handlers. This indicates that improvements in this area could be done. 
Many respondents experience that they do not work as a team. This is something which 
should be changed. A good place to start is to bring the company goal to the attention of the 
workers, along with the importance of achieving the goal and the role employees play in 
achieving this goal. Encouraging team work could make employees work together and share 
work loads evenly. This issue has been discussed further with supervisors and material 
handlers in order to find what would be an efficient division. Experience from P131 is that 
changing work tasks through rotating every second hour is not efficient; since it has occurred 
that some of the employees work ineffective (slacking) in the end of the rotating period which 
result in a catch up period for the person taking over. This is opposing team playing. If one 
person should be responsible for a longer period of time, one shift instead of two hours this 
would probably not occur. This also makes it easier for the operators to know which material 
handler is responsible for their area. A routine for material handlers and introducing a senior 
material handler who is in charge of all material handling would probably also help facilitate. 

The result shows that there is a lack of communication between adjacent shifts but since the 
communication between supervisors and line leaders appears to be fine, the question remains 
whether it is sufficient and if it is necessary with cross-shift communication or is it enough 
with a team play feeling? By using the likeness of that the company being a team and each 
shift being a member of the team, conclusion can be drawn that improved communication 
between team members can improve the performance of the team, improved communication 
between adjacent shifts can improve the performance of the company. The company has tried 
many times before to improve this for example some employees have been offered to start 
work earlier in regards to meet up with the other shift but no one seems to be interested in this 
except for the senior operators/ line leaders. Most importantly the negative sort of competition 
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between the shifts must be taken away, it could be good with some kind of competition but 
not when it is about blaming each other, the other shift, on mistakes and inaccuracy. 

5.3.3. MATERIAL FLOW 
That material is sometimes missing is apparently a major issue which should be looked into 
but recall that over 75 percent of the total respondents think that the supply to the assembly 
lines is working well. This may imply that the problem with missing parts could be the result 
from other concerns. During further analysis employees brought up other departments’ 
deliveries, such as that Motor Mech is delayed or Schefenacker’s order to LEP/ VMI is 
delayed due to incorrect Kanban card handling etcetera. This issue should be studied further. 
The thesis authors discussed the idea of having a certain refilling system with the material 
handlers but they on the other hand thought that a route or routine would not be something 
lasting since they experience that the handling is made in an individual way anyhow.  

The Kanban system is a good working method but some slacking with Kanban cards seems to 
cause some problems such as delayed deliveries which definitely should not happen. The 
thesis authors believe that a double checking system should not be so hard to implement in 
order to minimize this waste, muda. 

A possible solution to the dilemma of missing parts would be to create motivation for 
employees to be working towards the same goal, respect each others’ work tasks and when 
possible be a helping hand for each other. Communication needs to be improved between the 
material handlers and the operators, to minimise stressful situations and to create a better 
work environment. This could be done in different ways through visual aids and work 
environment improvements, such as team building sessions, job rotation to understand each 
others work tasks but also installing some sort of indication system that signals when parts 
levels reach critical.  

Lacking in storage space appears to be an issue, especially for material handlers and since 
they are the ones who take care of conveying the parts, it seems logical that they would be 
most aware of the storage shortages. They state that other departments bring too much stock 
and that some of the racks are not optimised for the different range of parts. When analysed 
further it’s seems that a greater amount of stock than required is brought to the storage areas 
in order to avoid delivering more frequent. CONFIDENTIAL INFORMATION. There are a 
lot of issues with this, for example the consequence could be that the material handlers are 
lifting too much weight at one time or that material is left in inconvenient places, being a 
tripping hazard. Reasons for this could be that the material handlers do not have sufficient 
time or that they rather have more time for breaks between servicing the lines. 

Less than half of the respondents’ experience that material is stored in inconvenient places, 
but since these percentages are rather high this issue should be addressed further. Small 
changes can result in great benefits. 

5.3.4. MATERIAL HANDLING AND EQUIPMENT 
The work related pains worker experience needs additional analyses but an every day 
movement pass for all industrial workers was suggested for the supervisors at the P131 but 
since this had been done in former times the proposal got waved away. 

Schefenacker should recycle more in order too meet the current standards of such as 
ISO14001. 

About the risk to damage a part and jeopardize its quality a conclusion has been made that 
material handlers who are servicing the mirror line with material do not believe they are 
jeopardizing the quality of the parts to the extent that the operators do when assembling the 
mirror. Dropping parts should not affect the end product as it is company policy to reject all 
parts dropped on the ground. The mentioned tools need to be further analysed. 
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Despite the majority of respondents stating they were pleased with the current storage boxes, 
there were a lot of complaints as well. CONFIDENTIAL INFORMATION. Apparently many 
of the black arm trays are broken and employees have had their fingers pinched because 
filling the racks too heavily with glass causes the rack to bend. Female operators do not fill 
the glass racks up because they become too heavy to handle. Some of these problems with the 
current storage boxes could be seen as waste, muda, of space. It would be better to adjust the 
weight and shorten the racks instead of having larger racks with vacant spaces. Revaluation of 
the bin size should also be implemented. 

Suggestions for new equipment brought up was to invest in for example radios for all material 
handlers and senior operators to be able to communicate better, flat top trolleys for material 
handling and a new turntable for the wrapping of finished goods. Arm machines on every 
line, quicker date coder and a new solution for spotting of case racks is other equipment 
which could be improving today’s production. 

5.3.5. SUMMARY P131 
Below is a summary of the findings from the survey carried out in the P131 area. 

SURVEY 
• 60 respondents to the survey whereas 4 responses were invalid 
• 93 percent respondents found the survey highly relevant 
• 55 percent feel that theirs opinions and suggestions are being valued by the company 
• 70 percent are aware of the philosophy of Lean Manufacturing’s meaning 
• 78 percent of the respondents feel satisfied in their daily work situation 
• 50 percent think there is a more efficient way to divide the work tasks between the 

material handlers 
• Over 70 percent feel that material is sometimes missing within the assembly area 

67 percent of the material handlers 
74 percent of the operators 
84 percent of the line leaders 

• 90 percent of the material handlers feel that there are times when parts don’t have enough 
storage space 

• Employees feel that glass racks, black arm trays and in general heavy boxes are difficult 
to handle 

AFFINITY DIAGRAMS 
Concerns in need for reflection - Work environment 
• Employees experience too high workload for material handlers 
• Employees do not take risks seriously 
• Lack of communication between operators and material handlers 
• Lack of knowledge to carry out work tasks correctly 
• Handover between shifts is not working properly 
• Employees experience that they do not work as a team 
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Concerns in need for reflection - Equipment, material flow & material handling 
• Supply of material to assembly cells is not always working 
• Communication not sufficient between some groups 
• Storage boxes 
• Procedures jeopardizing the quality of the product 
• Inconvenient storage place 
• Lacking in storage place 
• Lacking in work space 
 
Learning from predecessor P131 - What works well within P131 
Aspects of what is working well brought up by the respondents concern the four areas; Work 
environment, Material flow, Equipment and Material handling. See figure 27. 

 

 
Figure 27 “What works well within P131's mirror assembly area” – result from survey 

 
See appendix H for the affinity diagrams. 

5.4. PROJECT P356 

5.4.1. PRODUCT DESCRIPTION –REAR VISION MIRROR P356 
One of the six major questions that Apple (1997) means needs an answer, when looking upon 
material handling, is what material is to be moved. In order for thesis workers to answer this, 
the bill of material, BOM of the mirror models found in the database AS400 was analysed and 
the information was brought in to an Excel sheet. Working with the different models BOM’s 
in the Excel sheet made it very clear which parts were common parts for all models and which 
parts that were specific for each model. 
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The three different categories of parts moulding, purchased and sub assembled were made 
distinctive, since the parts origin are very different. All the moulded parts are produced in the 
actual plant, and never leave the site. All the purchased parts will be delivered from the LEP 
store on given times. Sub assembled parts are assembled offline in sub assembly areas in the 
plant and are supposed to be delivered straight to the mirror lines. 
 

 
Figure 28 Ford truck [10] 

5.4.2. PRODUCTION AREAS AND STORAGE 
The mirror lines are strategically placed in between the two moulding areas in the plant, 
which will feed the mirror lines with moulded parts. Even though the moulding areas are 
close to the mirror lines most of the machines do not have a lot of storage area, and the 
moulded finished parts are expected to leave the machines as soon as moulded. This results 
in, if no inefficient material flows will take place, storage areas will be only around the mirror 
lines. The space around the assembly cells is limited and prioritising between different parts 
being stored and their closeness will need to be considered. 

The mirror lines layout is planned to have roller racking in between them see appendix J, for 
storage. Each roller rack holds 25 50L bins or 45 25L bins, which are stacked together in sets 
of five or nine. In terms of flexibility, which is very important looking upon the principles of 
material planning and handling, roller racks in combination with standard bins is very good. 
There is no need for modification of roller racks, apart from labelling of the roller racks when 
changing storage area for parts. If roller racks are used for moulded parts this would mean 
closeness for the material handlers on the mirror line but make delivery for moulding more 
complicated. The aisles between the roller racks and mirror lines are only 1100 mm wide 
which limits the opportunities for deliveries. The standard pallet used at Schefenacker today is 
1170 x 1170 mm and would not be able to fit in the aisle way. Another matter that needs to be 
taken into consideration is the height of the roller racks, which are located around 300 mm 
above floor level on the feeding side.  

5.4.3.  MAIN ASSEMBLY CELL’S LAYOUT AND ONLINE RACKS 
The three mirror line layouts are determined and not very flexible due to the conveyor belt 
that is transporting the mirror on the second part of the lines. The plan of the layout is to have 
the ingoing material for the mirrors in between the mirror lines, on roller racks or alternative 
storage. The layout allows having the material very close to point of use which gives a very 
visual understanding of the actual storage and flow, which is an important part of lean 
thinking. When looking upon layout of where to store the parts two concepts were developed, 
which are explained further below. 

SEPARATE OR TOGETHER 
A question raised during the development of layouts was whether or not common moulded 
parts, used for all mirror lines and models, should be kept together on the WIP roller racks. 
The alternative to separate parts would give closeness to the different mirror lines, but also 
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stand for that the same part will be split up in several different locations. In order to get an 
understanding of the company attitude in this question, people at the departments of 
Production Support and Logistics were involved. The result of this was that Kanban card 
handling would be more complex if parts were separated but the gain would be the closeness 
of parts to point of use which is an important factor that needs to be taken into consideration. 
A decision was made together with the supervisors that a basic comparison between the two 
alternatives should be made in order to get a better awareness of the advantages and 
disadvantages. 

Concerned parts, the ones used for all models and with high bin frequency are the; Arm cover, 
Case rear, Case front and Cover base. The comparison was made up of two parts; one 
quantitative and one qualitative. The qualitative component presents pros and cons, of the 
different alternatives. The Master thesis authors were mainly looking upon the components 
but were complemented with aspects from the supervisors and Karin Parks, the findings are 
shown below. 

Pros (+)
Separate layout 

• Good visualisation  for P356 material 
handler 

• Shorter distances between WIP and 
online racks, no need for sack truck 

• Minimised material handling within 
the P356 

• Parts on online racks are dedicated 
for a certain line, good visualisation 

• Less crossing flows for P356 MH 

Together layout 
• Easier Kanban card handling 
• Good overall visualisation  
 
 
 
 

 

Cons (-)

 
• More complex Kanban card handling 
• Poor visualisation  for moulding 

operators / moulding MH 
• Not optimized splitting of parts on 

WIP racks 

• Risk for bins to be placed where there 
are not suppose to, due to more 
capacity on sack truck than on online 
racks 

• More material handling within P356 
• Double handling (from origin) 
• When sack truck is used, double 

handling if online space not sufficient 
for a stack of bins 

 
The quantitative part was made up of a scenario using two different layouts, see appendix J. 
The scenario was made with a focus on distance travelled and time consumption moving parts 
from moulding machines to point of use, i.e. online racks. It covers the material handling for 
concerned parts and one shift’s build. Data for the scenario is taken from the results from the 
times studies and drawings of the plant layout, total distances travelled for concerned parts for 
the Separated layout was around the same as for the Together layout, see appendix J. The 
main difference between the two layouts was how much of the material handling that was 
done within the actual P356 assembly area. Another feature is that when keeping the parts 
separated there is less use of sack trucks moving bins due to the closeness. The outcome from 
the scenario, see appendix J, was that the total required time for material handling is about 10 
percent longer for the Together layout. Looking only upon the internal material handling for 
concerned parts, the Separate layout would need about 30 percent less time in comparison 
with Together layout for replenishing the online racks. 

An important finding from the scenarios was that if only one stack at a time is moved, 
between moulding machines and WIP racks, (which was considered by Schefenacker) using a 
sack truck the time involved would be almost a full time person per shift. 
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SUMMARISE  
A Separate layout is less time consuming for the overall material handling, especially when 
looking at the internal material handling in the P356 assembly area. The time needed for 
external material handling, between moulding machines and WIP roller racks, is less obvious 
between the two layouts. It is also not decided which means of transportation will be used for 
external material handling, and therefore volumes moved at one and the same time is 
uncertain. A big advantage having a Separated layout is a good visualisation for the material 
handler, which is an important matter in Lean thinking. Another advantage is bringing one bin 
at a time, reducing the risk of bins ending up where there is not supposed to. According to 5S 
word Seiton - “keep things in order”, this is of value. An important issue to deal with if using 
Separated layout is the Kanban card handling, but according to Karin Parks, it should not be 
too complicated. 

ONLINE RACKING 
The online racks feeding the side of the mirror line with the transport conveyor is in general 
higher than on the other side with separate jigs. This is due to the fact that the online racks are 
adjusted to the height of the conveyor, which has to be considered when looking at 
redesigning or changes. It is obvious that the online rack height of around 1800 mm is too 
high to provide a safe work environment if no additional equipment or aid is used when 
refilling the racks. In Kodak’s book Design for People at Work a graph, see appendix K, 
shows that no lifting tasks involving loads heavier than 5 kilograms should be designed no 
higher than 1350 mm (if arms are allowed to be partially extended while lifting). 

The first general evaluation using Kodak’s graph showed that all the online racks needed 
further investigation. This since they are all designed so that manual lifts, refilling using the 
online racks, will end at a higher height than 1350mm, which is the highest recommended 
upper height limit. The column used was arms partially extended since the lifting task can be 
carried out without other objects affecting the lift. For more information about which parts are 
stored at which racks, heights for stored bins and weight for each bin, see appendix L. 

For the three racks that have not been investigated with NIOSH, no other tool has been found 
suitable since the height exceeds the height limits. The conclusion of this is that these racks 
will need to be redesigned or aids used when refilling these manually need to be developed 
before being used in production. Concerned racks are the ones for jigs E, BF and I, regardless 
of line.  

The following racks need further investigation according to the NIOSH evaluation, due to the 
fact that they have a higher LI index than 1.0; both racks for BJ, rack for jig L and for jig C.  
The racks for jig B and D have shown satisfactory Lifting Index, LI, value (lower than 1.0). 
For NIOSH result, please see next page table 4. 
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Table 4 NIOSH results of online racks 
Online rack Part LI Comment 
BJ (all) 
BJ (all) 

Main glass assembly  
Spot glass assembly  

1.3 
1.4 

Need further investigation 
Need further investigation 

L (all) Light 1.2 Need further investigation 
G (RH/LH) Actuator assembly  

Case frame 
1.4 
1.2 

Need further investigation 
Need further investigation 

G (PO) Actuator assembly 
PT assembly  

1.4 
1.2 

Need further investigation 
Need  further investigation 

B (RH/LH) Arm cover up & lo 
Arm rear 

0.79 
0.83 

Satisfactory value  
Satisfactory value 

B (PO) Arm cover up & lo 
Arm rear 

0.64 
0.68 

Satisfactory value 
Satisfactory value 

D (all) Base cover  
Gasket 

0.58 
0.54 

Satisfactory value 
Satisfactory value 

C (LH/RH) Detent plate up & lo 
Base manual  

1.6 
1.7 

Need further investigation 
Need further investigation 

C (PO) PF detent plate up & lo 
PF arm assy  
PF base frame 

1.3 
1.7 
1.8 

Need further investigation 
Need further investigation 
Need further investigation 

5.4.4. PROCESS MAPPING 
To get an understanding of the material flow- and handling associated with the P356 mirror 
an operations process chart was developed, see appendix A. It clarifies which sub assembly 
components and parts that the mirror is made up of, and in which order they enter the product. 
As Phillips (1997) declares this tool does not show the scrap, cardboard boxes and empty 
containers that are generated in the process. In order to be aware of these flows, all packaging 
of the different parts was looked at. It is only around 20 percent of the purchased parts which 
are delivered in alternative to the standard bins, cardboard boxes. These boxes will have to be 
recycled and removed from the mirror lines. Today all cardboard are collected in large, green 
recycling containers which are placed in various areas in the plant, and when filled towed 
away by buggies. To get a further understanding of where the parts come from and where 
transportation and storage is needed a flow chart was developed. The flowchart also gives 
information about where the parts and material are coming from, which direction they are 
going to point of use. 

5.4.5. RETURN FLOW OF BINS 
Given that the assembly cells’ cycle times are often faster than the moulding machines, more 
WIP stock is required in order to not run out of parts. To achieve this, moulding machines are 
scheduled around the clock while the assembly area is only planned to be operating for just 
over twelve hours a day. A constant flow of empty bins will be generated at the mirror lines 
and are also required for the moulding machines, which imply that there will be an abundance 
of bins needed to be stored somewhere in the plant. Location will preferable be on the way 
between moulding machines and the point of use. 
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A comparison between moulding cycle times and assembly area cycle times was made to get 
an idea of the amount of bins within the flow, see appendix M. Calculations were made and 
resulted in the fact that there was going to be a large number of abundance bins and pallets in 
the plant in order to keep the line running smoothly. In total for the moulding machines down 
in the corner of the plant, seven standard pallets are required to fill up the abundance bins and 
empty bins needed to the moulding machines next to the assembly area are eight standard 
pallets. Total amount of abundance of bins between in house mouldings to assembly area is 
430x50L bins and 115x25L bins.  

Observations around the moulding machines were made for possible storage area in order to 
see whether they had enough unfilled space in theirs surroundings for the required pallets with 
empty bins. See appendix M. The observations confirmed, because of the great amount of 
bins, that another location for storage within the plant was required for the abundance of bins. 
Suitable locations were considered and when thinking lean the best possible solution is to 
store the pallets close to the point of manufacturing, close to assembling or on the way 
between manufacturing and assembling, this with the intention to minimise the material 
handling CONFIDENTIAL INFORMATION. There is a disorder in the plant today, because 
of the delay of the P356 assembly, so there was no obvious location to choose for the 
suggestion of where to locate the pallets. Some of the moulding machines had space for an 
extra pallet. This was discussed thoroughly with supervisors. The best solution for these is 
today’s tool area, the space there is sufficient for the requirement of today’s production plan. 
It’s the best alternative but due to upcoming changes no further time was spent on analysing 
this further. The tools are at the moment situated close to the assembly lines, the dedicated 
moulding machines, which the tools are used for, and on the way to the other moulding 
machines but it is an immense project to move the tools because of the weight and since the 
crane is situated above for moving the tools back and fourth to the machines. Another 

P356 

Return flow (bins/ hour) 
 

Moulded  25L ~2 bins/h 
  50L ~23 
bins/h

Return flow (bins/ hour) 
 

Moulded  25L ~33 bins/h 
  50L ~11 
bins/h

Figure 29 Overview of the return flow of moulded bins 

 
 

CONFIDENTIAL INFORMATION 
PRODUCTION CELL 
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possible solution was to move the WIP racking for another manufactured model in the plant, 
located closer to the not dedicated moulding machines in the plants corner.  

 
Investigation was made in using another size of pallets. Since the aim is to minimise the usage 
of forklifts which generates the requirements of a more suitable pallet and another motive for 
the research was to optimize the space utilization within the area. Best fitting pallet found was 
a Euro pallet which is smaller than the standard pallet used at Schefenacker today. See table 5 
for comparison between the two pallets. 
 
 
 

 

 

Table 5 Variation between standard pallet at Schefenacker and Euro pallet 

The aisles around the areas are too narrow,  around 1230 mm, to have a fork lift moving the 
pallets, which is something that needs to be taken into consideration when looking at means 
of transportation of the empty bins.  
 
Analyses were also made of how the bins were collected around the plant and the frequencies, 
see figure 29 for a general overview of the return flow around one mirror line. An idea 
discussed was to have a specific area for pick up and drop offs, but where these should be 
located and whether it is possible to have on separate sides, one for moulding and one for 
VMI parts needs to be looked closer at. 

EVALUATION OF BIN SIZES 
An evaluation of all bin sizes was done. The amount of parts in a bin, the weight and the 
frequency of usage of a part was taken under consideration when the analysis was made. 
Below is a table, see table 6, with the parts which are better suited in another bin, in order to 
decrease the weight or reduce space. Some of the suggestions have already been implemented 
while the PF Base frame requires another solution, the thesis authors suggested another sort of 
bin, not one of those who already exists in the plant. The filled bin with this particular part is 
too heavy for the material handlers since the part is used frequently in the assembling. 
Table 6 Evaluation of bin sizes 

Model 
number Product name Origin 

Model 
used 
in 
mirror 
type 

Bin 
type 
(L) Weight

Evalu-
ation 

Implem-
ented 

1448114 Wear strip Moulding 123 12.5 3.4 → 25   
1448135 Spotter shoe Moulding 123456 12.5 4.4 → 25  
1448180/81 Harness el. Purchased 2 50 7.7 → 25   
1448182/83 Harness el. memory Purchased 3 50 9.8 → 25   
1448184/85 PO Harness Purchased 4 50 10.4 → 25   
1448186/87 PO Harness memory Purchased 56 50 13.2 → 25   
1448559 PT Rack transmission Moulding 456 12.5 4.4 → 25   
1448280/81 PF Base frame Purchased 456 25 15.7 New type    
 

5.4.6. PRODUCTION VOLUMES 
In order to get an understanding of how much material that would be handled in the assembly 
area, an Excel spread sheet was set up to generate information of the daily requirements of all 
ingoing parts. The Excel sheet was used as a Master sheet for the different models, and the 

 
Pallet type 

 
Measurement 
[mm] 

Number 
of bins 
50L 

Number 
of bins 
25L 

Standard 1170x1170 36 48 
Euro 1200x800 24 36 
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different mirror models BOM’s were used as a foundation. It included all the information 
needed to analyse the volumes passing the area on daily bases, such as quantities, type of 
storage containers, weight per part and parts place of origin. 
A target of how much stock that was going to be kept as WIP for each part was set up 
together with Karin Parks at the Logistic department and Tim Van Gasteren, Production 
Support. Guide lines regarding the different levels for different groups of ingoing material 
were discussed. For moulded parts around 16 hours of stock should be held, for sub 
assembled parts approximately 4-6 hours of stock should be kept and for VMI parts only 
around 2 hours of stock is needed since delivery from LEP will take place frequently. Today 
deliveries take place every two hours. In discussion with Mark Campbell, senior supervisor at 
the Logistic department, it is flexible with how often the deliveries from LEP can take place.  

The BOM was used to calculate required parts per day; this was set up for average per day 
and not per hour. How the production is going to take place is still to be decided, which will 
affect the levels of stock in the system. According to lean principles and Tim Van Gasteren it 
is important to try to smooth out the production as much as possible and not produce the same 
model for a long period of time. Alter the production of different models, especially the 
power option mirror line, which is critical for not keeping to much stock of moulded and sub 
assembled parts. 

5.4.7. WORK ENVIRONMENTAL CIRCUMSTANCES 
CONFIDENTIAL INFORMATION. The only thing that can be seen as a major concern at 
the moment is the fact that the online racks are designed in a way, which forces the material 
handler to do lifts far above shoulder height when replenishing parts for the mirror line. This 
makes it impossible for the material handler to have ergonomically circumstances that are 
acceptable. This is something that needs to be resolved before production of the mirror lines 
can start. 

The finished goods mirror’s weight is approximately 7 kg, depending on model, which is 
important to remember when looking upon the situation for the packing station and the 
circumstances for the material handler who is taking care of the finished goods.  

5.4.8. LABOUR TIME FOR MATERIAL HANDLING 
Material handling for the P356 area can be divided into three main tasks, internal material 
handling (replenish online racking and removal of empty bins), external material handling 
(replenish WIP racking with parts and removal of empty bins) and finished goods material 
handling (wrap finished goods pallets and locate them in containers). 

Main tasks for internal material handling within the assembly areas are refilling parts to the 
online racks, removing empty bins and replacing the WIP trolleys. As mentioned earlier in the 
text, one material handler per mirror line would be satisfying from an organisational point-of-
view, communication prerequisites and the visual overview. 

The labour time for external material handlings, replenishing the WIP racks for moulded parts 
have not been approximated since the means of transportation at this point have not been 
decided. Discussions to use sack trucks delivering moulded parts, stack by stack have been 
circulating in the different departments. With data collected from time studies in combination 
with the flow chart over moulded parts origin to point-of-use estimation have been made 
which shows that the need to deliver moulded parts to the mirror lines WIP roller racks would 
involve more than one full time material handler per shift. Material handling moulded parts 
from machines to WIP roller racks only using a sack truck has for that reason been discarded. 
Replenishing of the WIP racks used for VMI parts will most probably be integrated with 
current or new buggy routes serving more than the P356 area and have been left out looking 
at labour time for the P356 material handling. 

The position for handling finished goods is estimated to be a full time job, where the main 
work tasks are removing the finished goods pallets from the lines, wrapping the pallets and 
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locating them in the shipping containers. Whereas the finished goods material handling for the 
P356 mirror has the same procedure as its predecessor, it is assumed that the time 
consumption will be the same since the cycle times are similar. Factors which could affect 
this are distances to wrapping machine and containers, where the pallets should be wrapped is 
still not decided but the distance to the container is comparable to the P131 production. 
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6. SPECIFICATION OF REQUIREMENTS  
This chapter describes the specification of requirements constructed for the project. It is a 
useful tool to evaluate concepts and make a good, clear view of what is of importance for the 
project and the company.  

6.1. REQUIREMENTS 
Description of the specifications of requirement was used as a guidance tool throughout the 
whole process and also when verifying the concepts.  
The project group together with the supervisors and mentors discussed what the specification 
of requirements should contain, for result see next page table 7. Studies were made in order to 
find regulations and specific recommendations concerning important areas; layout, material 
flow and work environment, these aspects were added. The specification of requirements is 
divided up into three major areas, each with up to 3 levels. All levels with a total weight of 
100  percent in order to get a significance importance when calculated. The generated 
Specification of requirements was reviewed and improved. The list was later approved from 
staff at the Production support department. 

Next step was that a focus group, containing employees involved in the P356 project, such as 
supervisors, company nurse and mentors were given a handout of the Specification of 
requirements, in order to score the different attributes with a scale between 1-5, where 1 
stands for not important and 5 very important. Some of the attributes were obligated to be 
fulfilled and therefore not possible to score. The results were compiled and weighted 
percentages were calculated, areas with the highest score was most important to consider, 
were safety and material flow and material handling. 

The specification of requirement was basic for the decision making throughout the process of 
developing the layout alternatives, used as a screening tool to decide what concepts to chose. 
During the first evaluation of the six layout alternatives not all attributes could be evaluated, 
since they were only concepts and not planned in detail. Though it gave an idea of what was 
important when evaluating and also which aspects to improve in the winning proposals. 
Aspects concerning safety were put on the winner proposals, since they had low scoring in 
that matter earlier, in other words three combination layouts were developed out of the six 
originated ideas. 

The final layouts were evaluated with figures of an optimal concept in orders to see possible 
improvements in the future. 
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Table 7 Specification of requirements and belonging weighting 
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7. SUGGESTIONS AND EVALUATION 
This chapter covers different layouts that have been considered during the project, and 
related evaluations made. It also covers suggestions for how to store and transport material 
to and from the assembly cells. 

7.1. WORK ENVIRONMENT  
The psychosocial work environment in the P356 area is believed to be very much like the one 
for P131, if no discussions or changes are actively being carried out to change this. The 
reason for this is that as P356 launches and start full production the P131 mirror will become 
a P&A product and the volumes will drop drastically. This results in that the vast amount of 
operators and material handlers from the P131 area will be working in the new P356 area and 
the possibility that things are done the same way is seen as large. It is also a great possibility 
that the same supervisor will be in charge for the P356 mirror assembly. 

Things that have been brought up through the survey are mainly things that have not been 
working well and therefore issues that the authors have been looking at. For this reason it is 
not forgotten how important it is to enlighten things that are functioning and that could be 
applied in the P356 area as well as new areas.  

CONFIDENTIAL INFORMATION. Looking upon the physical work environment, it is 
mainly the online racking that has been in focus since this is such an obvious problem as well 
as serious. These findings have mainly been found through analyses of the current work 
environment which is built up of the jigs and racks that are located in the area today. 

7.1.1. PHYSICAL WORK ENVIRONMENT 
The physical work environment is difficult to foresee when work is not actually taking place 
and production in reality is not set up, but the racking, storage and material handling 
equipment has been studied. 

Most of the online racking should be closely looked over again, the ones that do not comply 
with the NIOSH recommendation should be investigated as soon as possible. The reason for 
this is to be able to modify or redesign the racks before production starts. Concerned racking 
for further investigation are the ones for jigs BF, BJ, C, E and L. Alternatives to redesigning 
the racks have been investigated, but have not resulted in any solutions. No lifting aids have 
been found that could be of interest. A platform to walk upon while refilling online racks have 
been up to discussion but that idea has been discarded due to lack of space in the area as well 
as the inconvenience with height difference and the safety aspects. 

It is recommended that a pedestrian aisle way is painted in between the main aisle way and 
the mirror lines. A pedestrian aisle way would not be a physical barrier but it would be a 
visual one that would make the two areas distinctly separated from each other. It would bring 
the pedestrians from the main aisle way with motor driven traffic. It is also important to have 
easy-to-understand signs that inform about the motor driven traffic in the area. 

7.1.2. PSYCHOSOCIAL WORK ENVIRONMENT  
It is very important that employees feel secure and safe in their work environment and that 
they are given good conditions to feel work satisfaction. Robins (2000) claims that it is 
important to have a structure in the organisation that are well defined and that the employees 
knows their responsibilities and what expectations to live up to. To be able to achieve goals 
within the organisation and live up to expectations it is important to create motivated 
employees who feel that their participation is important for the company. 

There are many different ways to achieve such a psychosocial work environment, but the 
authors have focused on issues that been brought up in the P131 survey to change such things 
that are known not to work within the organisation today. 



SUGGESTIONS AND EVALUATION 
___________________________________________________________________________________ 

___________________________________________________________________________________ 
60 

To achieve an environment with a team feeling and for employees to know their own 
responsibilities as well as their colleagues, a team around each mirror line should be set up. 
This team should consist of the operators within the mirror line and one material handler that 
would be dedicated for the specific line only. If each material handler has its own area, shift 
changes would probably work better because then the one person who is responsible for 
handing over to the next shift would most likely leave the area the same way he or she expect 
to find it. Slacking during the last bit of the shift would then hopefully be avoided. This set up 
would also make it very clear which material handler is responsible, and a good foundation 
for communication between the operators and the material handlers. As Sandkull and 
Johansson (2000) states appreciation and respect is important to create a meaningful 
organisation. With a material handler responsible for each mirror line, it is a distinct division 
between every line. Such division would hopefully facilitate to appreciate a colleagues work 
and it would make it easier to show respect to the actual people rather than only the work 
tasks. 

A simple way of making employees involved in developing and creating improvements in 
their work situation is to have a proposal activity box. Suggestions which lead to 
improvement should be rewarded with some kind of gratuity and in turn not to lose the 
interest of suggesting, it is very important to follow up suggestions and give feedback to the 
employees that do get involved. 

SWI´s should be made with involvement of the material handlers as well as the company 
nurse and specialist in ergonomic. Involvement from different areas from the start will 
probably result in instructions that are followed closer. For the reasons that the material 
handler would feel more involved and can influence in how they should carry out their work 
also on paper not only in practice and also get a better understanding why instructions should 
be followed. During this work it is also important to make all involved aware of the 
consequences of not following the SWI, such as occupational work injuries and quality issues.  

For the employees to feel secure in their work environment and appreciated as resources of 
the company it is important to have the possibility to learn according to Sandkull and 
Johansson (2000). Robbins (2000) further states that it is important to provide employees with 
enough education. The survey showed that all employees were not aware of the lean 
philosophy which is an important philosophy within the company, and not all employees 
seemed confident in how to carry out their work tasks in a correct way. In order for the 
employees to feel secure and comfortable in their work environment education about the 
general philosophy and the main goals should be taught and discussed. This is something that 
also should be obligatory at least once a year, to repeat and follow up the education of the 
employees. Education in how to carry out work tasks and follow SWI´s should also be done, 
as today, when people are employed but here is also rehearsal important to remind employees 
what is important and how things are suppose to be carried out. 

CONFIDENTIAL INFORMATION. An analysis of the work load for the material handler 
should be done to see if the work load for the material handler is not greater than manageable 
and does not bring stress to a level which is unsafe for the employees and puts quality of the 
product in jeopardy. An analysis should not be done until production runs smoothly and the 
material handler can work at a pace that they are expected to, not being affected by issues that 
have to do with initial issues to give a fair image of the work situation.  
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7.2. MEANS OF TRANSPORTATION AND STORAGE 
To avoid the double handling involved in moving bins or other storage containers when using 
flat-bed buggies or sack trucks, a combination of storage and transport would be a solution. 
Using special designed trolleys for this purpose is an alternative that the authors suggest to be 
considered. The material handling principles, in the areas flexibility, standardization and 
system flow, from the College Industry Council on material handling agrees with the 
advantages that would be achieved by using trolleys for transportation of actuators and glass 
sub assemblies. 

Flexibility is achieved due to the possibility to change the location of the trolley, as well as 
the sizes of the different standard bins. CONFIDENTIAL INFORMATION. Using trolleys 
makes a good foundation for standardization since the material handler will be strained to 
transport the same amount of bins at the same time, which makes the procedure the same 
regardless of material handler. A good system flow could be reached through combining the 
material and information flow using the trolleys as the request for sub assemblies rather than 
Kanban cards, it simplifies and make the system even more visual. In the sections below are 
the proposed trolleys for sub assemblies described further. 

ACTUATORS 
The actuators are placed in a 25L bin by the operator at the sub 
assembly cell. When the bin is filled the operator place it in a 
trolley with the capacity of six bins, see figure 30 for example of a 
trolley which can be used. The trolley is a standard trolley which is 
out on the market, the shelves can be adjusted to desired heights. 

In total eight trolleys will be needed to feed the P356 mirror lines, 
four RH actuator trolleys and four LH actuator trolleys. The RH 
line and the LH line will have one trolley placed next to the online 
racking G, whereas the PO line will need two trolleys, one trolley 
for each actuator type. This is needed when changes in models, due 
to the fact that the line is producing both left and right handed 
mirrors, will be made. Remaining trolleys will be kept and refilled 
at the subassembly area. To make the visualisation and handling 
easy it is suggested that the trolleys are well marked up with type of 
actuator and which mirror line the trolley is dedicated to. It is also 
important that the locations for the trolleys are marked up well and 
that the trolleys have brakes on the wheels to be able to store them 
in a safe and correct manner. 

One trolley carries six bins and enough actuators to feed the mirror line for about 550 
respective 621 minutes for the RH- and LH lines and PO line. The online capacity racking for 
the actuator is about 140 respective 155 minutes, which make the changes of the trolleys non 
critical. It takes about 270 minutes to fill up a trolley with finished parts at the sub assembly 
cell, and only about 3 minutes to do the change over between the empty and filled trolleys. 

GLASS 
The main glasses are suggested to be placed in special designed racks by the operator at the 
sub assembly cell. Each rack has the capacity of 14 glasses, when the rack is filled the 
operator places it in a trolley with the capacity of six racks. These trolleys would need to be 
specially designed to suit their purpose since the special designed racks do not match the 
standard size of other containers. 

In total 16 trolleys would be needed to feed the P356 mirror lines. The trolleys should be 
dedicated for the specific type of main glass assembly, which are four types; RH- and LH 
none heated and RH – and LH heated. The RH line and the LH line will have two trolleys 

Figure 30 Actuator trolley
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placed next to the online racking BJ due to model changes. The PO line will need two 
trolleys, one trolley for RH respective LH. Remaining trolleys will be kept and refilled at the 
subassembly area. To make the visualisation and handling easy it is suggested that the trolleys 
are well marked up with type of actuator and which mirror line the trolley is dedicated to. For 
the same reason as the actuator trolleys the areas should be well marked up and the wheels 
have brakes. 

One trolley carries enough main glasses to feed the mirror line for about 275 respective 310 
minutes for the RH- and LH lines and PO line. The online capacity for the main glass 
assembly is about 51 respective 58 minutes, which make the changes of the trolleys non 
critical. To fill up a trolley at the sub assembly cell with sub assembled glass takes around 270 
minutes. 

PO SUB ASSEMBLY 
There is not sufficient space around the jigs to store the PO sub assembly parts in trolleys next 
to the mirror line. This is not seen as a concern, since the distance between the PO sub 
assembly and the mirror lines is short and it should not be necessary to build up any WIP 
storage since the cycle time for the lines are expected to be equivalent to the sub assembly 
lines. The difference with these sub assembled parts is that the cell only feeds one mirror line, 
the PO lines, instead of all three mirror lines.  

To produce according to the lean principles it would be ideal to produce at the same time and 
not have more window in between than the online racking can hold. This would mean that 3 
bins and about 30 production minutes for the power fold sub assembly should be held as WIP 
storage, and 4 bins and about 30 production minutes for the power telescope sub assembly. 

7.2.1. MOULDED PARTS 
Different mean of transportation concerning moulded parts from moulding machines to WIP 
racks have been discussed and evaluated briefly during the project, means are listed below. 

• Conveyor; moving bin by bin 
• AGV: s; moving stack by stack or pallet by pallet 
• Sack truck; moving stack by stack  
• Hand driven electrical pallet truck; moving pallet by pallet 
• Mobile roller cart; moving stacks by stacks 

Due to the actual time frame and coming up with solutions that could be implemented within 
a few months before full time production, an AGV system or conveyor system did not seem 
realistic. Time studies showed that using a sack truck, is too time consuming and not efficient. 
In order to move several stacks at a time using a pallet, a pallet truck was discussed but was 
discarded due to the difficulties moving stacks from pallet to WIP. This solution would 
involve pushing stacks from pallet to WIP, which involves a lot of initial load due to the 
heavy weight in combination with frictional resistance and would be a critical work task from 
an ergonomic point of view. 
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The concept using a mobile roller cart was investigated further, see figure 31, for 
visualisation. The cart on the photo would not be an option since it requires too much space 
and is inflexible. Topics that need to be taken into consideration when expounding the 
concept are listed below. 

• Height of stacks should not interfere with the field of 
vision for persons manoeuvring the cart 

• If cart is non-driven, weight might be an issue 
• Cart must be able to be fixed while loading 
• Stacks must be stable on cart while moving 
• The height of the cart should not exceed or be below the 

height of floor roller racks (300mm) 

Another issue of concern is the narrow isle (1100mm) between WIP rack and online rack used 
when refilling, limiting the likelihood to turn a cart when unloading stacks. A new concept 
was then brought up, an alternative to rollers would be using a ball table as base, see Figure 
32, on a cart. This would make stacks movable in all directions and facilitate loading and 
unloading of the cart. Ball table in the picture has the possibility to lower and higher balls 
depending on moving cart or the actual bins on the table. The table is provided with a tip over 
security which will protect the load to slide from table while moving. The trolley would be 
adjustable in height which would assist the moulding operator when filling the bins with 
moulded parts, and also be flexible regardless of lengths of operators. The tabletop would 
need to be able to be lowered to a height of 300mm above ground level to enable sliding over 
stacks of bins easily to roller racking. The concept could be seen in Figure 33. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

Figure 31 Mobile roller 
cart 

Figure 32 Ball table Figure 33 Concept "Ball table trolley"



SUGGESTIONS AND EVALUATION 
___________________________________________________________________________________ 

___________________________________________________________________________________ 
64 

7.2.2.  VMI, VENDOR MANAGED INVENTORY, PARTS 
Delivery of the VMI parts from the LEP store every two hours would be sufficient when 
looking upon how much stock that could be kept in the WIP racking and online racking. The 
bins and boxes that are planned to be delivered to the mirror lines are placed in a mixture on 
one and the same pallet at the VMI store, which is also how they will be delivered to 
Schefenacker from the LEP store. 

The buggies should all be modified so they would be able to hold a pallet at a time, this would 
make it possible to lift up a pallet with a forklift onto the bed of the buggy which deliver the 
parts to the mirror lines. This would avoid double handling of parts. 

The only exception for parts would be the arms, the trays of which can only hold eight arms. 
These parts will be delivered by full pallets to Schefenacker due to the large amount of trays 
circulating every shift. Due to the heavy weight it is suggested that an electrically driven 
pallet truck is invested in and used for bringing pallets in and out of stores to the mirror lines. 
At the mirror lines they should be stored on scissor lifts with turntable to facilitate for the 
internal material handing. This would also lower the amount of fork lift traffic close to the 
assembly areas which is preferable from a safety point of view. 

7.3. LAYOUT CONCEPTS  
To start with, several layout concepts were developed but these were not worked upon in 
detail. A selection of the concepts, to reduce the number, was made which was based upon 
parts of the Specification of requirements and in discussion with the leaders of hand involved. 
Three concepts were selected and developed further, see section 7.3.2 – 7.3.4. These layouts 
were later evaluated according to our requirements.  

In order to know where the best location for parts should be, several matters have been taken 
into consideration. Basis of division have been developed and used when allocating the parts, 
see section 7.3.1, in the layout concepts. 

7.3.1. BASIS OF DIVISION 

SCORING 
In turn to decide where to allocate all ingoing parts a scoring system was developed. 
Depending on the most significant factors, weight and frequency, the parts were ranked and a 
scale from 1 to 6 was used, see table 8. The parts with highest scores were prioritised during 
the allocation in all layout proposals. Two possibilities were possible; divided up after an 
overall (all lines included) scoring or by single mirror cells’ scoring, PO and RH/ LH. Besides 
these lists also one consisting of all shared parts and one for the common parts for the models 
1, 2 and 3 were constructed, for example see appendix O. 

Value graded depending on weight and frequency of ingoing parts. Frequency and weight of 
parts involves a storage bin filled with parts, how much the bin weighs and how often refilling 
the online racks needs to be carried out. 

Table 8 Weighted scales for scoring 

Weighted scales    
Weight  
[kg] 

Scale Frequency 
 [production min/bin]  

Scale 

X ≥ 12 6 X ≤ 5 6 
10 ≤ X < 12 5 5 < X ≤ 10 5 
8 ≤ X < 10 4 10 < X ≤ 15 4 
6 ≤ X < 8 3 15 < X ≤ 20 3 
4 ≤ X < 6 2 20 < X ≤ 25 2 
X < 4  1 X > 25 1 
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WEIGHTING 
When calculating the score the frequency has been weighted, the highest with 70 percent 
importance and the weight with 30 percent. These percentages have been discussed and 
evaluated carefully with supervisors at Schefenacker. 

COORDINATE SYSTEM 
Calculations have also been made on all detailed part’s gravity point; a coordinate system was 
used in order to mark where parts ideal location of storage would be. For example, if one and 
the same part is used on models 1-3 and therefore only on the LH mirror line and the RH 
mirror line, which have the same cycle time, this part would ideally be located in the middle 
of the point of use for the two mirror lines. For this particular part, it would mean the same 
distance from the two online racks feeding the lines. When calculating the gravity point, 
frequency and distance have been taken into account. For an example of how a parts gravity 
point have been calculated please see appendix D. 

POINT OF ORIGIN 
In order to eliminate double handling and minimising crossing flows, it was important to 
focus on the parts point of origin when allocating storage. When using point of origin as a 
base of division spaghetti diagrams, see appendix B, were used as a tool. 

SPECIFICATION OF REQUIREMENTS 
Since the aim for the authors to this degree thesis was to fulfil the company’s, Schefenacker 
SVSA, demands on a well planned storage layout and an optimal material flow and handling, 
the developed Specification of requirement have been used as groundwork for layout 
proposals. Some of the requirements fulfilment have not been dependant on the actual layout 
and have therefore been left out when evaluating the three final layouts. 

DECISIONS PRINCIPLES  
When deployment of the parts into different layouts, the following decision principles have 
been used: 

• High frequency or low frequency component 
• Does the part need storage in roller racks 
• Which total importance weighting does the component have, order in rank 
• Is the area where the point of gravity is, available for storage 
• How much storage space is required 
• Does the component demand tear racking 
• What point of origin does the part have (VMI, mould or subassembly) 
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7.3.2. CONCEPT PARTS KEPT TOGETHER 
The idea behind concept “Parts 
kept together”, see figure 34, is that 
all parts are kept together, as close 
to its gravity point as possible. This 
layout facilitates Kanban card 
handling and makes the distance to 
each point- of-use as short as 
possible for all mirror lines. The 
VMI parts are kept on pallets in the 
VMI dispatch area, in order to be 
more flexible with the limited 
space in the assembly area. A 
buggy delivers VMI parts to the 
assembly area every 45 minutes, 
the frequency is based on the 
online racks capacity of the parts. 
Distribution to online racks is done 
by an internal material handler, and 
most of VMI parts are stored in 
tear racks. 4L bins are stored on a 
shelf next to the respective mirror 
line. Arm assembly parts are kept 
in trays on a pallet next to jig A. 
Empty VMI bins are collected on 
pallets, and removed with a forklift 
when filled. Empty internal bins 
are collected in roller racks, 
marked in red. The points in the 
concepts are summarised in pros 
and cons below. 
 

PROS  
• Uncomplicated Kanban 

card handling 
• Good overview for 

moulding material handler 
• Less double material 

handling delivering VMI 
parts direct to online racks 

• Good accessibility for 
collecting VMI return flow 

CONS 
• Long distances between 

online racking and WIP 
racking 

• Risk for placing bins next 
to the online racking in order to move parts stack wise 

• VMI parts need to be punctual on delivers, sensitive for shortage of parts 

Figure 34 Layout concept - Parts kept together 
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7.3.3. CONCEPT PARTS SEPARATED 
The idea behind this concept, see 
figure 35, is that some parts which 
are used on all mirror lines are 
separated, this is to create the 
shortest distance possible for the 
material handlers for mirror lines 
when moving bins from WIP racks 
to online racks. This makes it 
possible to move one bin at a time 
without having to use a sack truck, 
and is also less time consuming. To 
separate parts makes Kanban card 
handling more complicated but 
using visual aids such as different 
colour on Kanban cards would 
make it possible. Most of the VMI 
parts are kept in tear racking, less 
space is needed for these parts 
since the buggy is supposed to 
deliver parts to the mirror lines 
every two hours. Smaller VMI 
parts are kept on shelves next to 
the mirror lines; distribution to 
online jigs is done by operators 
themselves in the beginning of a 
shift. Arm assembly parts are kept 
in trays on pallets between RH line 
and LH line. Empty VMI bins are 
collected on pallets, and removed 
with a forklift when filled. Empty 
internal bins are collected in roller 
racks, marked in red. The points in 
the concepts are summarised in 
pros and cons below. 
 

PROS  
• Moving many parts, bin by 

bin reduces the risk for 
untidyness 

• Good overview for mirror 
line material handlers 

• Less double material 
handling using trolleys for 
sub assembled parts 

• Good accessibility for collecting VMI return flow 
• Short distances between online racking and WIP racking 

CONS 
• Poor overview for moulding material handlers 
• New, more complex handling of Kanban cards 

Figure 36 Layout concept Parts separated 

Figure 35 Layout concept - Parts separated 
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7.3.4. CONCEPT ROTATED 
The idea behind this concept, 
see figure 36, is to have the 
buggy driver deliver VMI 
parts direct to the WIP 
racking, which is easy 
accessed due to rotation of 
racking. This layout also 
reduces the risk of having 
material handler using the 
same aisle way as the 
forklifts, which is good from 
a safety point of view. 
Creating an aisle between the 
different mirror lines makes it 
easier for material handler to 
access common WIP racking. 
The layout has all parts kept 
together which gives a good 
overview for the moulding 
material handler but will 
make it more difficult for the 
mirror line material handlers 
who will have to move 
greater distances. It also 
makes it more difficult for the 
mirror line material handler 
to have an overview as to 
how much material is in 
storage for a particular mirror 
line due to common racking 
for all lines.  
 

PROS  
• Reduced risk for 

people in the forklift 
aisle due to rotated 
WIP racking 

• Easy access for 
refilling VMI parts to 
WIP racking, shorter 

distances moved 
• Good accessibility 

for collecting VMI 
return flow in return racks 

CONS 
• Long distances between online racking and WIP racking 
• Risk for placing bins next to the online racking in order to move parts stack wise 
• VMI parts need to be punctual on delivers, sensitive for shortage of parts 

Figure 36 Layout concept - Rotated 
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7.3.5. EVALUATION OF CONCEPTS 
When evaluating the three concepts, the project group gave the different concept scores of 1-5 
depending on how well it fulfilled the Specification of the requirements. The sum and the 
weighted value where multiplied and the total score for all layouts were calculated. The 
layout with the highest score, concept Parts separated, was best suited in an overall 
perspective, see table 9. Since scoring sums became similar, and some areas were scored 
higher in concept Rotated this was taken into consideration and a combination of concepts 
Parts separated and Rotated was developed.  
Table 9 Evaluation of concepts 

Weighting layout concepts
REQUIRMENTS 

Weight 
in %

Concept 
Optimal Sum

Concept 
Together Sum

Concept 
Separate Sum

Concept 
Rotated Sum

LAYOUT
Storage 14,4% 0,72 0,66 0,66 0,64
WIP storage should have enough but not superflous stock 14,2% 5 0,10 4 0,08 4 0,08 4 0,08
~ 16 hours for moulded parts 16,1% 5 0,12 4 0,09 4 0,09 4 0,09
~ 4-6 hours for purchased parts 14,4% 5 0,10 5 0,10 5 0,10 5 0,10
~ 4 hours for sub assembled parts 14,4% 5 0,10 5 0,10 5 0,10 5 0,10
Storage should make FIFO possible 15,3% 5 0,11 5 0,11 5 0,11 5 0,11
Sufficient storage area for return flow of bins 13,8% 5 0,10 4 0,08 4 0,08 3 0,06
Sufficient storage and indicated area for rejected parts 11,7% 5 0,08 5 0,08 5 0,08 5 0,08
Floor space 13,4% 0,45 0,34 0,37 0,36
Easy accessibility for refilling WIP racks 11,5% 5 0,08 4 0,06 3 0,05 4 0,06
Easy accessibility for online racks 12,5% 5 0,08 2 0,03 4 0,07 3 0,05
Easy accessibility for empty bin compilation and collection 10,9% 5 0,07 3 0,04 4 0,06 3 0,04
Accessibility to machines for maintenance and repairs 10,3% 5 0,07 4 0,06 4 0,06 4 0,06
Maximize space utilization 11,2% 0,00 0,00 0,00 0,00
Flexible layout to enable increased capacity 10,9% 0,00 0,00 0,00 0,00
Flexible layout to enable increased variety 10,9% 0,00 0,00 0,00 0,00
Pedestrian aisle ways minimum 1.2 m wide 10,3% 5 0,07 5 0,07 5 0,07 5 0,07
Aisle ways designed for forklift and pedestrians must at least be 1.8 m wide 11,5% 5 0,08 5 0,08 5 0,08 5 0,08
Overview 12,4% 0,62 0,45 0,50 0,56
Ease of visualisation 46,9% 5 0,29 2 0,12 4 0,23 4 0,23
Kanban card handling should be uncomplicated 53,1% 5 0,33 5 0,33 4 0,26 5 0,33
MATERIAL FLOW 
Material handling and flow 15,2% 0,76 0,52 0,65 0,61
Minimise material handling 13,1% 5 0,10 3 0,06 4 0,08 3 0,06
Minimise double handling of material 13,4% 5 0,10 3 0,06 4 0,08 4 0,08
Minimise transport distances 12,4% 5 0,09 1 0,02 4 0,08 4 0,08
Minimise crossing flows 10,8% 5 0,08 2 0,03 4 0,07 4 0,07
Handling of parts should not affect quality 13,4% 5 0,10 4 0,08 4 0,08 4 0,08
Area for empty bins should be easy to access 10,5% 5 0,08 4 0,06 4 0,06 3 0,05
Refilling of material should not affect working operators 13,1% 5 0,10 5 0,10 5 0,10 5 0,10
Ensure sufficient online storage quantity 13,4% 5 0,10 5 0,10 5 0,10 5 0,10
Equipment and other means 13,6% 0,68 0,54 0,50 0,50
Suitable storage boxes for different components, standard bins preferable 35,2% 5 0,24 5 0,24 5 0,24 5 0,24
Use of existing handling equipment 28,6% 5 0,19 4 0,16 3 0,12 3 0,12
Facilitate handling of heavy and bulky components 36,2% 5 0,25 3 0,15 3 0,15 3 0,15
WORK ENVIRONMENT 
Safety 16,0% 0,33 0,24 0,24 0,24
Follow the topical recommendation on lifting, primary NIOSH* 14,9%
Minimise lifting above shoulder height and below knee height 14,5%
Minimise unnecessary, fatiguing physical stress 14,2%
Follow the SVSA safety regulations 15,2%
Safe access and egress from work area 15,2% 5 0,12 4 0,10 4 0,10 4 0,10
Minimise shared areas for pedestrians and motor driven vehicles 13,1% 5 0,11 4 0,08 3 0,06 3 0,06
Avoid forklifts when possible 12,8% 5 0,10 3 0,06 4 0,08 4 0,08
Organisation 14,9%
Team work should be encouraged 20,8%
Communication within the P356 area should be adequate to create an effective material flow 19,3%
Operators and material handlers within the area should be integrated in changes and work place development 17,7%
Updated and sufficient training to carry out work tasks in correct manner for material handlers 20,8%
Material handling work load to be balanced to enable a reliable and productive service 21,4%

100,0% 145,0 3,562 112 2,749 121 2,923 118 2,917
Weighted by involved personnel such as the company nurse and management. Concepts graded by authors 
Scale used when weighting; 1-5 where 1 was less importnant and 5 very importnant
Green colours indicates aspects not possible to score due to requirements not affected by layout

3 1 2
 

 

7.4. DEVELOPMENT OF THE UNITED LAYOUT CONCEPT  
To be able to benefit from those parts that are good in the different layouts a united layout 
concept was developed, where influences from the concepts Parts kept together and Rotated 
were integrated into the winning concept Parts separated. The different areas are described 
more in detail in the sections below and the concept United can be seen in figure 37. 
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Figure 37 Layout proposal - Concept "United" 
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7.4.1. LAYOUT AND MATERIAL 

WIP STORAGE 
The final layout has in total 102 roller racks in the 
assembly area; 84 are allocated for 25L and 50L bins 
used for moulded parts, 14 are tier racked and used 
mainly for VMI parts and subassembly parts but also 
for moulded parts stored in 12.5L bins and 4 are used 
for the return flow of empty bins to moulding 
machines. For more accurate figures, concerning the 
WIP capacities and how many production hours of 
stock which can be held in the area, see appendix N. 
4L bins are stored in two separate shelves, placed in 
the vicinity of the mirror lines. 

The four roller racks designated for return flow of 
empty bins, are divided up, so three are dedicated for 
25L bins and one for 50L bins. 

For placement of material, see figure 38–40. 

INCOMING FLOW 
PURCHASED PARTS 
Arm assembly crates are stored on pallets 
(1200x800mm) next to the A-jigs, one pallet each for 
the RH line and the LH line. This mean there will be 
no crossing flows between the two mirror lines using 
the arms. Pallets will be stored on scissor lift table 
with a turntable on top, making it convenient to reach 
bins from all sides and lifting from an adjustable 
level. The locations of the pallets, close to the aisle 
way, make them very accessible when changing from 
empty pallets to full ones and do not interfere with 
any other flows in the area. 
SUB ASSEMBLED PARTS 
Subassembly parts main glass, spotter glass and 
actuators are to be stored in trolleys as suggested in 
section 7.2. Enough storage space allows trolleys 
around the online jigs and double material handling is 
avoided while storage and travels are combined in the 
same material handling equipment. 
MOULDED PARTS 
All moulded parts are stored in roller racks, which 
facilitate FIFO. Some of the parts which require less 
bin space due to small parts are stored in tiered roller 
racks, which are mainly the parts stored in 12.5L 
bins. 

Figure 38 Flow - Purchased parts 

Figure 39 Flow - Sub assembled parts 

Figure 40 Flow - Moulded parts 
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RETURN FLOW  
INTERNAL BINS 
Storage of pallets with empty bins is preferable located on the way between point of origin 
and to point of usage. Due to narrow aisle ways around moulding machines forklift traffic is 
not an option. Since pallet trucks are preferable to use transporting parts between moulding 
machines down in the corner and up to the assembly area, another size of pallets is 
recommended in turn to make the transportation between the two areas possible and also 
safer. 

Four alleged Euro pallets (1200 x 800 mm) and four racks are used within the area for the 
return flow of internal empty bins. Most of the roller racks should be used for the empty 25L 
since the moulding machines opposite the mirror lines mainly uses these bins for their 
moulded parts. The pallets in the area are needed due to the abundance of empty bins, and the 
vast amount will be 50L bins. To store the empty bins on a pallet facilitates for the material 
handling, when bringing them to the moulding machines by pallet instead of stacks. Most of 
these bins will be moved a far distance to moulding machines using a pallet truck. The pallets 
will be stored in the allocated area next to the mirror lines place until filled up, and then 
removed to the moulding area for usage. In one day about 10 pallets are estimated to be filled 
with empty internal bins. There will not always be room for all pallets next to the moulding 
machines rather they have to be stored in an in-between area. Recommended area for the 
pallets is next to the mirror lines, see appendix E, which today is used for tools to moulding 
machines but are planned to be moved from the area. 

EXTERNAL BINS 
Three pallets (1170x1170 mm) used for return flow of Chep bins are placed within the area,  
two used for 25L bins and one for 50L since these are not supposed to be mixed when 
returning to the supplier. The pallets are removed, wrapped in plastic by material handler and 
then placed in store. External bins will be shipped to the supplier daily. 

7.4.2. MEANS OF TRANSPORTATION 
The internal material handling within the assembly area are carried out using sack trucks 
when moving more bins than should be handled by hand. It is very important here that 
regulations are followed, that a limit of carrying several bins at the time is respected. In order 
to make this accepted and managed it is important that the supervisors are aware of the limits 
and keep reminding the material handler if carrying out work tasks incorrectly.  Within this 
area pallet trucks will also be needed when removing pallets with empty internal bins, which 
are taken to the drop off point close to the moulding machines. There will be no need for 
motor driven vehicles in the assembly area which is optimal from a safety point of view.  

The sub assembled parts actuator, main glass and spotter glass are moved from sub assembly 
area to mirror line assembly area using trolleys. The actuators are stored in 25L standards 
bins, which make a lot of standard trolleys on the market available for the product, see section 
8.2 for example. The glasses will be stored in specially designed racks, and a trolley will have 
to be designed to move these parts. If bins and racks are placed directly in trolleys at the 
subassembly area double handling is avoided, in comparison with storage in WIP racking. 

VMI parts will be delivered to the assembly area using the current buggies, preferable 
modified to hold pallets, in the plant. 

Some of the moulded parts, being produced close to the WIP rack should be moved stack by 
stack using a sack truck. Moving moulded parts from moulding machines far away from the 
WIP racks does not have a solution at this point, but the concept “ball table trolley” is a 
suggestion that should be examined more closely. 
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7.4.3. LABOUR DEMAND 
As mentioned earlier the material handling for the P356 area can be divided into three 
different areas; internal material handling, external material handling and finished goods 
material handling.  

The internal material handling focus is to replenish online racks and remove empty bins, each 
mirror line is suggested to have its own material handler. Following estimations are made for 
the RH line but are arbitrary also for the LH line and PO line. According to the time study, 
see appendix P, the RH line will need approximately 33 minutes every hour of effective 
material handling to replenish the online racks and removing empty bins. The parts that have 
an online rack stock capacity of 85 production minutes or less are seen as critical from a 
refilling point of view. For concerned parts a replenish schedule has been developed, see 
figure 41. 

The chart covers one working hour for one person and mirror line, the material handling time 
for each group has been estimated using data from the time study see appendix P. White parts 
in the chart is non- scheduled and should be used for recovering time, refilling less critical 
parts and exchanging the WIP trolleys. Parts that are less critical have an online-rack-stock 
capacity of 85 production minutes or more. The less critical parts are estimated to need only 
around 2 minutes an hour for online rack replenishment. Exchanging the WIP trolley between 
the sub assembly areas and the assembly area is estimated in section to around 5 minutes 
every hour, and will also be included in the internal material handlers work tasks. In total it is 
estimated that every mirror line needs around 40 minutes per every hour for material 
handling, without including the recovering time which is very important when carrying out a 
the physical hard work of material handling. For more detailed list of parts, estimated refilling 
time etcetera, see appendix P.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Group I (estimated time usage 5 min) 
 C: Base manual 4 bins* 
 D: Base covers 3 bins 
 G: Case frame 3 bins 
 E: Case front 4 bins 
 A: Arm assy. 6 bins 
 I:  Case rear 2 bins  
 
 Group II (estimated time usage 2 min) 
 B: Wear strip 1 bin 
 D: Harness 1 bin 
 C: Detent plate up 2 bins & Detent plate lo 2 
bins 
 
 Group III (estimated time usage 1 min) 
 B: Arm up 1 bin & Arm lo 1 bin 
 
 Group IV (estimated time usage 4 min) 
 B: Wear strip 1 bin 
 B: Arm rear 3 bins 
 D: Harness 1 bin 
 D: Gasket 1 bin 
 C: Detent plate up 2 bins & Detent plate lo 2 
bins 
 

Group V (estimated time usage 2 min) 

Group I
Group II

Group I

Group III

Group I

Group IV

Group V

Group I

Group III

Figure 41 Refilling schedule for critical parts 
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The time needed to take care of the finished goods is estimated to a full time position. The 
material handler for this position is expected to be serving the three mirror lines. The labour 
time for external material handling, replenishing the WIP racks for moulded parts have not 
been estimated since the means of transportation have at this point not been decided. 
Replenishing of the WIP shelves used for VMI parts will be integrated with current or new 
buggy routes, which flows through the whole factory and have therefore been excluded when 
considering the material handling demand for the P356. 

7.4.4. REFLECTION OVER FINAL LAYOUT 
A comparison over actual achievement of the requirements on the recommended layout 
indicates that there are still aspects which need to be improved for an optimal material 
handling process at Schefenacker in Adelaide’s P356 assembly, see table 10. 
Table 10 The Final layout achievements regarding requirements 

REQUIRMENTS Weight in percentage Concept optimal Sum Winning concept Sum Final layout Sum
LAYOUT
Storage 14.3% 0.71 0.64 0.68
Floor space 13.5% 0.45 0.37 0.37
Overview 12.4% 0.62 0.50 0.50
MATERIAL FLOW 
Material handling and flow 15.3% 0.76 0.65 0.65
Equipment and other means 13.6% 0.68 0.50 0.50
WORK ENVIRONMENT 
Safety 16.0% 0.33 0.24 0.26
Organisation 14.9% 0.00 0.00 0.00
TOTAL 100.0% 130 3.56 107 2.91 109 2.97
2.912/3.560=81.7%  

100%

81.7%

83.4%
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8. DISCUSSION 
This chapter covers the authors’ thoughts, reflections and experience collected carrying out 
this project. The difficulties handled and whether the goals have been fulfilled is also 
discussed. The concerns of the project are addressed.  

PROJECT  
The objective with this thesis have been to map what should be included in an optimal 
material handling process for Schefenacker and to develop an overall suggestion which could 
be integrated into the current production. CONFIDENTIAL INFORMATION. Since the 
implementation plan of the new production of P356 is delayed because of the problems with 
the new mirror there is a lot going on at Schefenacker. It appears that time is mostly spent on 
solving problems, finding quick solutions rather than preventing them. A priority is to 
succeed with production target, and not interrupting production more than necessary. This 
affected the authors’ work which from start got heavily delayed since it was expected that all 
ingoing data was going to be collected. . The thesis authors took for granted that compiled 
information over all ingoing parts existed. Instead a vast amount of time was needed to gather 
the data and information for compilation, which was not taken into account from the start.  

The thesis project has experienced many changes during their project time. Most areas are 
interacting such as the products’ design and the way the product is assembled, which gave 
new inputs and information to the thesis project all along the project. Working with an actual 
launching process in a near future has been very interesting and instructive, but have also 
made it difficult with compiling data and keeping track of changes. It has been a journey of 
constantly trying to take decisions whether or not new information should be left aside or be a 
part of the project. As an example a plug for the model 1 mirror seemed to have been 
forgotten by everyone involved in the project since it was not on the BOM. The part existence 
was found out about 18 weeks into the project, which then was left out in this thesis’ 
suggestions. This is just one example out of many. Looking back, less time should have been 
spent on updating data or collecting data which did not have such big impact on the final 
result. 

It has been a very valuable experience to spend this time at Schefenacker, which is an 
international company with high standards and a big supplier to the automotive industry. The 
projects breadth has given the authors’ a good understanding and insights in many different 
departments and areas within the company, and also the way they all interact.  

In the beginning of the project an investigation was made to understand which methodology 
to employ. The project group was set up for Design for Six sigma, DFSS, but the authors 
concluded that a mixture of the Deming wheel and the project spiral was more suitable for 
this type of problem. At the time it felt time depriving but it is easy to throw oneself into a 
project without considering over which methodology is most appropriate. Schefenacker 
preferred the chosen method over DFSS. Today, both authors experience that this phase was a 
very instructive practice, looking into which method was most suitable for this project. 

The thesis workers experience when starting of the thesis work that the material handling 
process for the P356 mirror assembly had not been given any focus on in the main P356 
project. It seemed like the material handling part had been set aside for further down the track 
when the production should run smoother and focus could be set on things not directly related 
to the physical outcome of production. The main consequence having an ineffective material 
handling and flow is the time consumption, a quick solution to have production run smoothly 
despite this is to bring in more labour. This quick solution could be put in practice 
immediately but is expensive and not a long term solution.  

The thesis workers have faced some difficulties in receiving important information, not due to 
people not wanting to give the information rather that the information was still not produced. 
Information that would have been good to have had was a production plan, working 2-shifts 
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or 3-shifts which affect the interaction of moulding and assembling. CONFIDENTIAL 
INFORMATION. The capacity and availability of the moulding machines have been an issue 
all through the project, and whether or not to take this into consideration when planning how 
much WIP stock to hold was difficult. From the start it was believed that a better 
understanding concerning this was reachable, but after spending some time on the issue the 
thesis workers realised that it was a too complex situation and would have taken too much 
time to analyse. During the time spent, trying to analyse the moulding machines capacity, 
some critical aspects concerning covering was found. The issue was flagged and the moulding 
department was made aware of the problem. 

The master thesis project became too extensive. Plenty information used in the project was 
thought to be given in the beginning of the project, from different departments rather than 
collected and compiled by the thesis writers. This was unexpected and very time consuming. 
The consequence was that many of the areas which have been analysed, have only been 
flagged upon to be investigated further by the company, rather than given suggestions or 
solutions upon. 

Due to many changes in the end of the main P356 project frame, expenses have been greater 
than expected. This has, unintentional, given the authors thoughts that no bigger direct 
expenses can be allocated to the P356 projects in the near future. This has been a restricted 
factor when looking upon material handling solutions that could be carried out before the 
launch of the mirror. Looking back upon the time spent on the project, it probably would have 
been good to seek for solutions that could have been used in a few years time from now as 
well. 

Have the project objectives been fulfilled and have the project deliverables been delivered are 
questions that should be addressed. The main objective; to find the optimal material flow and 
most efficient way of handling material for both assembly cells (mirror lines) and sub 
assembly cells has not been completely reached. The incoming material flow for the sub 
assembly cell was quite early in the project set aside as a second objective due to the time 
constrain for the thesis work, though this was never worked upon. An optimal material flow 
for the main assembly cell is presented in this report and a result of the thesis work. Looking 
only upon the material handling of parts, solutions have been presented in some areas while in 
others; only concepts have been the result. The secondary objectives were only thought upon 
as reachable within the first weeks, and later left aside. Most of the project deliverables that 
are presented as a list in section 2.4 are delivered except from; min/ max stock level for WIP 
storage, where to move defected articles and means of transportation and demand between 
moulding machines and WIP roller racks. The min/ max stock level was a deliverable that 
needed another approach than the other deliverables which the thesis authors did not foresee 
and therefore did not spend time on. Where to move defected products could have been a 
project by itself and due to time constraint left aside. A transportation solution for moving 
parts between moulding machines and WIP roller racks was left at the concept stage due to 
lack of time.  

METHODOLOGY AND THEORY REFLECTIONS 
The general methodology using a project cycle method has to a certain extent been successful, 
all the steps have been worked through and several laps have been carried out during the 
project. The thesis workers have found it difficult not to spend more time than dedicated and 
planned for on some of the steps. The data collection part with continual changes has been 
more time consuming than foreseen during the planning stage, with the consequences that less 
time was spent on developing solutions and concepts. If less time would have been spent on 
updating data and collecting data which did not take the project further, concepts probably 
could have been more developed and finished solutions could be presented, instead of only 
flaggings in some areas. If the project was going to be carried out again, the same general 
methodology would probably be used since an important groundwork is believed to have been 
founded in this project and it is still important to update the critical data. But doing it over, it 



DISCUSSION 
___________________________________________________________________________________ 

___________________________________________________________________________________ 
77 

would be essential to carry the project out with a more time realistic approach and that the 
steps got carried out in a stricter time frame. The individual methodologies and tools used in 
the project have all been providing useful, valuable data and information when looking upon 
the result of the project. 

The usage of the spiral methodology has been successful. The possibility of being able to 
draw conclusion after employing data and analysis is according to the thesis authors to 
prioritise.  

Benchmarking to other companies played an important role for the authors, gave enough 
experience and knowledge to realise what was possible for Schefenacker today and not to 
suggest a process adaptable first in ten years from now. It was good in the point of view of 
understanding the reality since it seldom is well described in books. The study also ended into 
the recommendation of installing an Andon in the plant. 

VALIDITY AND RELIABILITY 
Misinterpretation of both spoken and written sources is always a risk, as unreliable sources. 
To control and to minimise misunderstandings of interviews, both authors participated and the 
information was later discussed, compiled and the final outcome confirmed by the participant. 
This resulted in higher reliability of all qualitative material and optimistically without any 
misinterpretation. Both thesis workers believe that participants in focus groups and 
respondents to the questionnaire answered honestly. The authors experience that the validity 
of all interviews was high. The reason for this is that plenty of the collected information has 
been useful when achieving the objective in this thesis. In the beginning of the project several 
interviews were held in order to get a general overview, during these much information was 
gathered which was irrelevant for the final results and affected its validity negatively. Also 
later in the project some subject escape was allowed for the respondents since a too strict 
interview would not encourage in depth and expounding of views. This affect the validity, it 
is to some extent not prioritised against the reliability which increases when the respondents 
dare to express opinions, openly and truthful. 

Possible source of error could be misapprehension when analysing diagrams and numbers.  
For prevention of misinterpretations the data was first analysed separately by the authors, 
afterwards together and then compiled. Since different educational background of the two 
authors a division of work has been made in some areas, in order to optimise the work and 
result but with constant reflections and discussion between the two. Several books of 
information have been used for minimising influence from feasible inaccurate sources. The 
authors believe that both validity and reliability of this thesis should be seen as high. 

MEANING OF WORK AND GENERALISATION 
The authors believe that the results are most useful for Schefenacker but also a contribution as 
a source of inspiration to other companies in the automotive industry and in other industries. 
The thesis could be helpful when planning a material handling process, planning the division 
of parts, planning methods of replenishing parts and other aspects which are important when 
implementing a new production. It expectantly triggers questions and ideas for other people 
who are planning or analysing a material handling process.  

Since a vast amount of the result is based from opinions within the company a generalisation 
of the result is complicated but the methods and work procedures used should be helpful also 
when planning a process for other handling material. 

The result builds on personal experience, management capacity and opinions. The project 
group believes that Schefenacker will implement some of the suggestions and believe that 
Schefenacker have obtained some pointers on where to concentrate about important 
improvement areas. 
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9. RECOMMENDATION 
This chapter compiles the thesis workers recommendations to Schefenacker, some are 
solutions ready to implement while others are flagging areas that need further investigations. 

9.1. GENERAL RECOMMENDATION 
WORK ENVIRONMENT 
CONFIDENTIAL INFORMATION. To create a safe work environment the authors strongly 
recommend that the online racks with associated parts which have been flagged for should be 
further investigated. Design changes for the online racks are indispensable. When changes are 
being made it is important to remember that there are two users of the online racks; the 
operator at the mirror line and the material handlers who replenish the parts. It is significant 
that sacrifices are not being made upon the other and that a good solution are found for both 
sides. If no design changes are made it is necessary to find aids that can provide for safe 
refilling of the racks before production starts. This could be achieved either by installing some 
kind of lifting solutions or if more space could be created so that a platform could be installed 
for the material handlers to use when refilling the racks. As discussed earlier a great degree of 
care is required if developing and implementing this to not increase the accident rate within 
the plant, due to hazards of falling and tripping. 

Creating a walking aisle as a visual barrier between the mirror lines and the main aisle used 
for forklift and buggy traffic is a simple and inexpensive action in order to create a safer work 
environment. Instead of using forklifts for the heavy material handling it should be considered 
to use an electrical pallet lifter, which would decrease the risk for accidents and increase the 
supervision of material handling. 

To achieve an environment with a team feeling, good atmosphere and clear responsibilities 
every mirror line should have their own team, led by a supervisor. The team should consist of 
the operators on the mirror line and a material handler who would have the ultimate 
responsibility to supply the mirror line with parts. Important also is to create an environment 
where all employees understand their worth, this will enable employees to feel motivated and 
to take responsibility.  

Engage the employees to share ideas and thoughts, and to have open dialogues. A proposal 
activity box should be set up as well as production boards which helps clarify production 
goals and achievements. Understandable and open feedback regardless of the outcome of 
production or proposals is important to keep personnel motivated. Though it is important not 
to create too strict boundaries between the mirror lines, rather than assist each other when 
extra help is required. SWI’s should be made also for material handlers, preferably with their 
involvement. With the instructions as a foundation all employees should be taught how to 
perform all steps within the work tasks. SWI’s should be equivalent for the same tasks at the 
different mirror lines to simplify things for the employees and the supervisors working at the 
line. Important also is to continue rehearsal training of the work tasks. When full production 
has been running smoothly for some time, an analysis of the material handlers work load 
should be carried out to understand their work load and possible adjustments that would need 
to be made. 

LAYOUT  
If the division between mirror models produced annually is similar to the initial data received 
in this project, “the united layout” presented in section 7.4 would be the most advantageous 
for storage of parts. The plant layout technician and responsible employees in the logistic 
department should be further involved and approve of the layout before any implementations 
are being made. 
To make the layout more visual, clear signs and maps in the storage area should be used 
These should be visual in many aspects, placing them at a height where they can be seen from 
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a distance and to achieve that use clear letters, symbols and colours. The two bays of roller 
racks in between the mirror lines, will feed parts in different directions. Use of a map over 
which direction roller racks are pointed in, this would facilitate for material handlers in the 
area. Working according to the replenish schedule, see section 7.4.3, would create a routine 
and would make it easier to remember where the parts are stored. This would reduce the time 
and distances travelled while delivering parts, which also facilitate for the internal material 
handlers who do not have to share their work area longer than necessary, avoiding being in 
the way of each other. Use coloured stickers on the Kanban cards to separate and dedicate the 
same parts, being stored in different areas to the different mirror lines, an example would be 
to use a red colour for the LH mirror line and a green colour for the RH mirror line. The 
colours used on stickers should be reiterated for the roller racks storing of the parts with the 
Kanban cards.  

Painted lines and floor colours should be used to noticeably mark which areas are dedicated 
for example would be to paint a yellow squared line on the floor space allocated for the pallet 
with external empty bins. Making the layout visible from both a planning and over viewing 
perspective helps to keep the plant tidy and helps facilitate the work for all employees, which 
is in line with lean thinking and 5S/ 5C. 

MATERIAL FLOW, EQUIPMENT AND HANDLING 
To hold an efficient material flow, it is important to work towards standardisation such as 
buggy routes, dispatch areas for parts and times schedules for deliveries. Holding 
standardisations and routines allows material handlers to know where parts are and when, 
which helps prevent unnecessary temporary storage of parts in aisle ways and passages. 

Trolleys should be used to facilitate transportation, material flow and storage of parts for the 
sub assembly parts. Main glass, spotter glass and actuators are the referred parts. If using 
trolleys as a combined storage and for transportation, double handling is avoided, and also 
space efficient. The PO sub assembly parts should be produced in line with the PO mirror 
assembly line and therefore no window stock in between should be needed. Bins are delivered 
bin wise or stack wise direct to the online racks. 

Some of the bins were when filled found too heavy to handle in a safe manner, which have 
led to recommendations about changes, see section 5.4.5. Some of these have during the 
project been reduced to smaller sizes but the thesis authors experience that it would be of 
value for the company to later again make an evaluation or a follow up in the issue. 

Transporting moulded parts is still unsolved; moving bins by stack is not seen as an option 
while it would involve more than a fulltime post. The concept “ball table trolley” should be 
further investigated due to its flexibility and good ergonomic preconditions for the operators 
as well as for the material handlers. 

Electrical pallet trucks are good investments which probably would facilitate the flow of 
finished goods and incoming parts. 

Invest in an andon in order to visualise parts running out in a more efficient way than today, 
where the system relies on operator. 

OVERALL 
CONFIDENTIAL INFORMATION. Schefenacker’s aim is to work towards preventing 
problems, but is having difficulties with fulfilling this; in some areas is it more of a fire 
fighter culture. A lot of unexpected problems arise and are solved with temporary, fast 
solutions which are often not as well thought-out as ones that have been given time to 
develop. There are several areas within the plant which are in need of improvement. Kaizen 
groups have been constructed, which works with continuous improvements projects and this 
is something that the thesis authors believes is very valuable for the company and should be 
kept as an ongoing process. 
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CONFIDENTIAL INFORMATION. The communication is lacking, how Schefenacker could 
improve this problem within the entire plant is an interesting topic to analyse. Engaged 
management and a good general attitude among the employees is a requirement for the 
company to be successful. Implement more cross meetings with different groups or 
implement information’s-of-changes-meetings so that all employees know what is going on, 
feels involved in the work and being meaningful for the company.  

The thesis authors believes that Schefenacker should work to break down barriers between the 
departments, management should learn their responsibilities and take on leadership, improve 
constantly and also institute a program of education and self improvement in order to 
improve. 

A faster way of informing about missing parts needs to be developed and implemented. 
Possible solutions are an ERP system, an andon, some kind of bells or lights, screen displays 
showing how the assembly is going with the current goal so that the employees knows how to 
plan their work. 

There are many ways to improve the overall efficiency. If the management supports the 
improvement work there are no limits on how well the overall process could become. The 
knowledge is there, if the company just makes sure to implement and to evolve everyone in 
the process it will become a winning strategy. Examples of how to proceed are to implement 
new work paradigms by the employees, create teamwork, maybe crew resource management, 
work design, participatory design, community ergonomics, cooperative work, virtual 
organisations and more quality management. 

9.2. SUMMARY OF  RECOMMENDATIONS 
The final recommendations to Schefenacker are summarized below. Regardless of which 
recommendations are taken into action it should not be forgotten that the human factor is one 
of the most important parts when implementing changes. Engage the co workers and commit 
to open dialogue before taking action. 

WORK ENVIRONMENT 
Create a team around each mirror line with a material handler in charge, which will facilitate 
a team feeling, motivation and responsibilities. Communication and open dialogues 
concerning work should be engaged, in order to have a safe and healthy work environment. 
Priority should be set on further evaluation and redesigning of the online racks before going 
in to full production to prevent work related injuries. 

LAYOUT 
The layout “Concept united” should be used if production figures and division between 
mirrors are expected to be similar to the initial figures provided for this project. Shortest 
possible distances for moving parts between WIP storages and the online racks are then 
achieved. For visualisation, Kanban cards should have dedicated colours for each mirror line, 
as well as the racks and trolleys. Obvious signs and painted lines on the floor are simple 
things that will help in creating an organized and tidy work environment. 

MATERIAL FLOW, EQUIPMENT AND HANDLING 
Current buggy runs should be standardised and integrated with supplying the P356 with VMI 
parts while sub assembly parts should be delivered on dedicated trolleys, which also act as 
storage. The solution is space efficient and reduces double material handling. For transport of 
moulded parts concept “Ball table trolley” is recommended to be developed further. To avoid 
forklift traffic in the area, investing in electrical pallet trucks should be considered. 

OVERALL 
Schefenacker should keep their aim to work towards preventing problems, to avoid fire 
fighter solutions. The Kaizen groups which have been constructed should be kept as an 
ongoing process, to work with continuous improvements. Another area that needs 
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improvement is the communication within the company, this to be more successful and to 
create a better work environment. Enhanced communication could be achieved through, for 
an example, cross meetings with different groups. A faster way of informing about missing 
parts would be good to develop and implement. 

9.3. PROPOSAL FOR FUTURE WORK  
CONFIDENTIAL INFORMATION. The P356 material handling process had not been 
planned for at Schefenacker which is a sign that the material handling is not prioritised, it is 
something which gets solved when required. The thesis authors hope that Schefenacker will 
commence analysis and evaluation to improve the current material handling process. There 
are many ways to improve the overall efficiency. 

How Schefenacker works with problem solving would be interesting to investigate further. 
The topic has not been investigated in this project but has attracted attention from the thesis 
author. 

Schefenacker strives to fulfil the philosophy of Lean thinking. It would be of interest for the 
company to have some kind of measurement, benchmarking to see how well they fulfil their 
own values and strive towards their vision. 

Communications seem to be lacking in many areas at Schefenacker, both within as well as 
between departments. How Schefenacker could improve in this area within the entire plant is 
an interesting topic to consider which should be investigated further in. 

A good aid at the plant would be to develop a lifting manual, with pictures describing of how 
to lift different objects which are common in the plant. Several employees have requested 
something like an instruction book which also brings up the importance of rehearsal training.  

But priority should be set on a redesign of the online racks. 
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APPENDIX C (1/2) 
NIOSH REVISED LIFTING EQUATION 

 

 



APPENDIX C (2/2) 
NIOSH REVISED LIFTING EQUATION 

 
 

 



APPENDIX D (1/1) 
PATTERNED SEARCH – COORDINATE SYSTEM 
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Colours and style for components 
 
Red – LH line components 
Green – RH line components 
Black – PO line components 
Blue – common components 
 
Underline – moulded component 
Italic – Subassembly component 
Normal – Purchased component/VMI 
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The -coordinate will be in line with 
the jigs since the same parts are used 
in the same jig regardless of which 
line. 
 
The Y-coordinate will depend on 
which lines and jigs are using the 
parts, see example below. 
 
Part 1448102 used in jig E for model 
2, 3, 4 and 5. 
 
Part 1448102 x*=3, y*=12.4 
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APPENDIX E (1/1) 
PLANT LAYOUT 
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APPENDIX F (1/1) 
STANDARD STORAGE CONTAINERS 

 
 

 



APPENDIX G (1/5) 
P131 SURVEY 

 
 

 



APPENDIX G (2/5) 
P131 SURVEY 

 
 

 



APPENDIX G (3/5) 
P131 SURVEY 

 
 

 



APPENDIX G (4/5) 
P131 SURVEY 

 
 

 



APPENDIX G (5/5) 
P131 SURVEY 

 
 

 



APPENDIX H (1/3) 
SURVEY – RESULT – AFFINITY DIAGRAM 
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APPENDIX H (2/3) 
SURVEY – RESULT – AFFINITY DIAGRAM 

 
 

 

   
 

C
O

N
FI

D
E

N
T

IA
L

 IN
FO

R
M

A
T

IO
N

 
SU

R
V

E
Y

 F
IN

D
IN

G
S 

 



APPENDIX H (3/3) 
SURVEY – RESULT – AFFINITY DIAGRAM 
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APPENDIX I (1/2) 
P356 MIRROR ASSEMBLY DRAWING 
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APPENDIX I (2/2) 
P356 MIRROR ASSEMBLY DRAWING 
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APPENDIX J (1/4) 
COMPARISON - PARTS KEPT TOGETHER VS. SEPARATED 
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APPENDIX J (2/4) 
COMPARISON - PARTS KEPT TOGETHER VS. SEPARATED 

 
 

 

   
SEPARATE LAYOUT 

 
TOGETHER LAYOUT 

Part  Line MMH P356 MH MMH P356 MH 
Cover armx3 LH  
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Total MH:  2 * :  792 11* :  64 6* :  626 1* :  210 

Total layout:  13 * : 856m 7 * : 836m 
 
All figures are measured in meter, [m]. Length is in round figures, measures taken from a paper drawing. 
 
Layout with separated parts; case rear 3+1; case front 5+2, cover base 4+2. Parts kept together in the rest of the 
racks. 
 
* Less than 3 m and material handlers are assumed to move bins without sack truck. 
 
Number is scored/ranking 



APPENDIX J (3/4) 
COMPARISON - PARTS KEPT TOGETHER VS. SEPARATED 

 
 

 



APPENDIX J (4/4) 
COMPARISON - PARTS KEPT TOGETHER VS. SEPARATED 

 
 

 



APPENDIX K (1/1) 
KODAK’S GRAPH 

 
 

 

Acceptable occasional lifts 
 
 
 
Acceptable occasional lifts based on weight and horizontal and vertical locations 
of the load – percentage of 50/50 male and female population accommodated. 
The object handled are assumed to be compact, have good handholds, and are lifted 
in the sagittal plane less than once every five minutes. 



APPENDIX L (1/1) 
MIRROR LINES ONLINE RACKING – PARTS 

Part ~weight per bin [kg] ~ production minutes per bin [min] ~height of hands when refilling [mm] 

 

PF Detent plate upper ~8.2kg ~34min ~1650mm 
PF Detent plate lower ~8.2kg ~34min ~1650mm
PF Arm assy ~13.2kg ~5.5min ~1220mm
PF Base frame ~15.7kg ~5.5min ~900mm

Base cover ~4.2kg ~5.5min ~970mm
Gasket ~3.1kg ~68min ~1520mm

Roller man ~4.1kg ~517min ~1630mm
Carrier mk2 ~7.9kg ~258min ~1630mm
Actuator assy ~9.1kg ~51min ~1220mm
PT assy ~10.0kg ~5.5min ~910mm

Pivot cup ~5.7kg ~848min ~1560mm
Spotter shoe ~4.4kg ~827min ~1820mm

Light ~6.2kg ~41.3min ~1620mm

Case rear ~6.2kg ~8.2min ~1800mm

PF Detent plate upper ~8.2kg ~34min ~1650mm 
PF Detent plate lower ~8.2kg ~34min ~1650mm
PF Arm assy ~13.2kg ~5.5min ~1220mm
PF Base frame ~15.7kg ~5.5min ~900mm

Arm cover up ~4.2kg ~24min ~1650mm
Arm cover lo ~4.2kg ~24min ~1650mm
Arm cover rear ~4.9kg ~20min ~1410mm

Case front ~5.6kg ~4.8min ~1810mm

Adopter main ~6.6kg ~89min ~1600mm

Adopter spotter ~11.4kg ~344min ~1600mm

Spot glass assy ~7.5kg ~9.6min ~1620mm

Main glass assy ~9.8kg ~51min ~1590mm

PO line

PT rack ~4.4kg ~34min 

Harness ~10.4kg ~34min ~970mm
Break cap ~5.8kg ~48min ~1520mmReturnflow

Returnflow

Retainer pivot  ~7.0 kg  ~42min ~1650mm
Friction washer ~2.9 kg ~76min ~1650mm
Arm assy man ~2.0 kg ~2.4 min ~900mm 

Detent plate upper* ~8.2kg ~30min ~1650mm 
Detent plate lower* ~8.2kg ~30min ~1650mm
Base frame ~10.6kg ~7.3min ~900mm

Base cover ~4.2kg ~4.8min ~970mm
Gasket ~3.1kg ~60min ~1520mm

Roller man* ~4.1kg ~457min ~1650mm
Carrier mk2* ~7.9kg ~228min ~1650mm
Actuator assy ~9.1kg ~45min ~1220mm
Case frame ~8.5kg ~4.8min ~910mm

Pivot cup* ~5.7kg ~749min ~1560mm
Spotter shoe* ~4.4kg ~731min ~1820mm

Light ~6.2kg ~36.5min ~1620mm

Case rear ~6.2kg ~7.3min ~1800mm

Detent plate upper* ~8.2kg ~30min ~1650mm 
Detent plate lower* ~8.2kg ~30min ~1650mm
Base frame ~10.6kg ~7.3min ~900mm

Arm cover up* ~4.2kg ~21min ~1650mm
Arm cover lo* ~4.2kg ~21min ~1650mm
Arm cover rear ~4.9kg ~18min ~1410mm

Case front ~5.6kg ~4.2min ~1810mm

Adopter main* ~6.6kg ~79min ~1600mm

Adopter spotter ~11.4kg ~304min ~1600mm

Spott glass assy ~7.5kg ~8.5min ~1620mm

Main glass assy ~9.8kg ~45min ~1590mm

RH/LH line

Wear strip  ~3.9kg ~30min ~xxxxmm

Return flow

Return flow
Harness ~9.8kg ~30min
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APPENDIX M (1/2) 
RETURN FLOW OF EMPTY BINS 

 



APPENDIX M (2/2) 
RETURN FLOW OF EMPTY BINS 
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APPENDIX N (1/5) 
MASTER EXCEL SHEET – MOULDED PARTS 
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APPENDIX N (2/5) 
MASTER EXCEL SHEET – MOULDED PARTS 
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APPENDIX N (3/5) 
MASTER EXCEL SHEET – MOULDED PARTS 
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APPENDIX N (4/5) 
MASTER EXCEL SHEET – MOULDED PARTS 
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APPENDIX N (5/5) 
MASTER EXCEL SHEET – MOULDED PARTS 
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APPENDIX O (1/1) 
PART SCORING LIST 

 



APPENDIX P (1/1) 
TIME STUDY 

 

 




