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Abstract 
This report is a master thesis conducted during the spring semester of 2016 as a final part of the Mas-
ter of Science in Industrial Design Engineering at Luleå University of Technology. The aim of this 
thesis was to map and analyze the production flow of Permobil in Timrå, Sweden. This was done in 
order to deliver concrete solution proposals in the end of the project, which lay within the Lean phi-
losophy and are adapted to Permobil’s production categorized as high-mix and low-volume products. 
The overall objective has been to optimize Permobil’s production flow in order to reduce the through-
put time for their products.  

Permobil is a world leading manufacturer of electrical wheelchairs. Their vision is to stand up for their 
costumers’ rights and provide the best possible solutions. For Permobil Timrå to be able to follow the 
demand and increase its annual production from the current annual 4,600 chairs to an annual of 7,700 
chairs in 2018, the production must be more effective. Since the production in Timrå is characterized 
by a high-mix and low-volume, problems can occur when reducing throughput time since proven 
methods are not always suitable for this type of production.  

Implementation of the thesis has followed a cyclical approach through the project circle. To create a 
basic understanding of the work, a theoretical framework was conducted containing subjects as Lean 
Production, challenges of implementing Lean, high-mix and low-volume, work in progress and push 
and pull system. Mapping and analyzing the current situation was carried out through observations, 
unstructured interviews, a Deviation Analysis and Value stream mapping. The analysis resulted in a 
requirement specification that pointed on the requirements of future solutions would come to meet. 
The main requirements were estimated to good physical and psychological work environment, meet 
the customer´s need and increased product flow. Workshops and brainstorming has been used to de-
velop and evaluate solution proposals.  

The mapping and the analysis of the current state show that the products spend an average of 90 % 
waiting. This waiting time consist mainly of the high number of work in progress and difficulties in 
synchronizing the different departments with each other. Inadequate communication and order prob-
lems have also been identified as a problem and may occur due to the lack of standardized work. The 
final concept is developed in the Custom station.  

The final concept provides a meeting place between the Custom station and the order department for 
exchange of perspectives regarding the order data. A help signal that indicates if the worker at the 
Custom station needs help which would mean that the problems with the order data is moved closer to 
the original source. Moving short customization job in order to facilitate a better flow of chairs. Im-
plement a sale document involving standardized order data. Implement a modified CONWIP system, 
which mean a controlled desirable level of work in progress. Log times so that the data could be stored 
on the customization jobs. These solutions contribute to better communication, elimination of order 
problems, an evener flow, elimination of unnecessary transport and misunderstanding, and more cred-
ible order data. All these solutions together in a concept meets the requirement specification in the 
short and long term, and together they will minimize the throughput time with 7 hours and release 5 
hours per week in resources. Our recommendation is to implement the final concept and to involve 
employees in the development work.  
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Sammanfattning 

Denna rapport är ett examensarbete som har genomförts under vårterminen 2016 som ett avslutande 
moment på civilingenjörsutbildningen Teknisk Design vid Luleå tekniska universitet. Syftet med ex-
amensarbetet var att kartlägga och analysera produktionsflödet hos Permobil i Timrå, Sverige. Detta 
för att i slutet av projektet kunna leverera konkreta förslag som ligger inom Lean filosofin och även är 
anpassade till Permobils produktion som kategoriseras av produkter med hög-variation och låg-volym. 
Det övergripande målet har varit att optimera Permobils produktionsflöde för att kunna reducera ge-
nomloppstiden för deras produkter.  

Permobil är en världsledande tillverkare av elektriska rullstolar. Deras vision är att stå upp för deras 
kunders rättigheter och erbjuda de bästa möjliga lösningarna. För att Permobil i Timrå skall kunna 
följa efterfrågan på sina produkter och öka sin årliga produktion från dagens 4600 stolar per år till 
7700 stolar per år 2018 måste produktionen effektiviseras. Eftersom produktionen i Timrå karakterise-
ras av en hög-variation och låg-volym kan problem uppstå vid reducering av genomloppstiden ef-
tersom de beprövade metoderna inte alltid passar denna typ av produktion.  

Genomförandet av examensarbetet har följt ett cykliskt arbetssätt med hjälp av en projektcirkel. För att 
skapa en grundläggande förståelse för arbetet utformades en teoretisk referensram innehållande ämnen 
som Lean Production, utmaningar vid implementering av Lean, hög-variation och låg-volym produkt-
ion, produkter i arbete samt push och pull system. Kartläggning och analys av nuläget genomfördes 
genom observationer, ostrukturerade intervjuer, en avvikelseanalys och värdeflödesanalyser. Analysen 
resulterade i en kravspecifikation som pekade på de krav som de framtida lösningarna skulle komma 
att uppfylla. De viktigaste kraven är god fysisk och psykisk arbetsmiljö, möta kundernas behov och 
ökat produktflöde. Workshops och brainstorming har använts för att ta fram och utvärdera lösnings-
förslag. 

Kartläggning och analys av nuläget visar bland annat att produkterna spenderar i genomsnitt 90 % i 
väntetid. Denna väntetid består till stora delar av det höga antalet produkter i arbete och svårigheter 
med att synkronisera de olika avdelningarna med varandra. Dålig kommunikation och orderproblem 
har även identifierats som problem och kan till stor del bero på bristen av standardiserat arbete. Det 
slutliga konceptet är utvecklat på anpassningsavdelningen.  

Det slutliga konceptet innehåller en mötesplats för anpassnings- och orderavdelningen för utbyte av 
perspektiv gällande orderunderlagen. En hjälpsignal, som indikerar om arbetarna på anpassningsav-
delningen behöver hjälp och som gör att problemen med orderunderlagen flyttas till originalkällan. 
Flytta korta anpassningsjobb för att underlätta för ett bättre genomflöde av stolar. Implementera ett 
säljunderlag som går ut på att ha standardiserade orderunderlag. Implementera ett modifierat 
CONWIP system, vilket innebär en kontrollerad önskvärd nivå med produkter i arbete. Logga tider så 
att data sparas på anpassningsjobben. Dessa lösningar bidrar till bättre kommunikation, eliminering av 
orderproblem, ett jämnare flöde, eliminering av onödiga transporter och missförstånd samt mer tro-
värdiga orderunderlag. Alla dessa lösningar tillsammans i ett koncept uppfyller kravspecifikationen 
både kort- och långsiktigt, och tillsammans kommer de att minimera genomloppstiden med 7 timmar 
och frigöra 5 timmar i resurser per vecka. Våra rekommendationer är att implementera det slutliga 
konceptet och att involvera medarbetarna i utvecklingsarbeten. 
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Terminology 
Term Explanation 
Andon Andon is an employee dispos-

able to help if a workstation is 
overloaded 

Cycle time 
(CT) 

The time it takes for a product 
to be fully processed in one 
workstation (Rother & Shook, 
1998/2004). 

Kanban 
boxes 

A signal to trigger the produc-
tion (Srinivasan, Ebbing & 
Swearingen, 2003). In the form 
of an empty bin that contains 
information of where it is stored 
and the amount of material.  

Lead time The time it takes for a product 
to be done, from receiving an 
order to deliver to a customer 
(Rother & Shook, 1998/2004). 

Little’s Law A formula to calculate the aver-
age waiting time in the buffer 
(Little & Graves, 2008); 
!"#$#%& !"#$ =  !ℎ!"#$ !" !ℎ! !"##$%

!ℎ!"#$ !"#$%&'$ !"#ℎ !"# 

Process A process is a sequence of 
activities needed to deliver a 
product (Manufacturing Terms, 
n.d.) 

Takt time The time the products should 
be produced in to meet the 
customers demand (Six-
Sigma-Material, 2016); 
!"#$ !"#$ =  !"#$%#&%' !"#$ !"#$

!"#$%&'( !"#$%& !"#$ 

Throughput 
time 

The time it takes for a specific 
product to transfer in PPFT.  
Involving all process time as 
well as waiting time (Rother & 
Shook, 1998/2004). 

Value add-
ed time 
(VAT) 

The time in the process that 
actually adds value based on 
what the customers are willing 
to pay for (Rother & Shook, 
1998/2004). 

Abbreviations 
CT - Cycle time 
HMLV - High-Mix and Low-Volume 
PPFT - Permobil Production Flow in Timrå 
TPS - Toyota Production System 
TPT - Throughput time 
VAT – Value Added Time 
VSM - Value Stream Map 
WIP - Work in Progress 
 
 

 



 

INTRODUCTION 1 

1. Introduction  
This project is a Master of Science thesis with focus on a throughput time optimization of the produc-
tion flow at Permobil’s facility in Timrå, Sweden. The project was performed between January and 
June 2016, as a part of the Master Degree program, Industrial Design Engineering at Luleå Universi-
ty of Technology. This chapter will present the incentives to this thesis as well as the aim and research 
questions, which the project is based on.  

1.1. Background
Permobil is a manufacturing company of electri-
cal wheelchairs. The company has been in the 
front row for over 45 years in the rehabilitation 
power wheelchairs industry. Permobil’s vision is 
to be world leading at its field (Permobil, n.d.f). It 
is important for every human being to have the 
opportunity to live life like any other. This is 
made possible with Permobil’s products. 

 
Permobil want to expand the company and the 
company’s goal is to maintain a continued lead-
ing position in the wheelchairs industry in the 
future. To do this they plan to expand the annual 
production of wheelchairs and optimize the pro-
duction flow at Permobil’s production unit in 
Timrå. This has been the goal for the company 
for some time but the result was that they discov-
ered that the production system was complicated 
and therefore too time consuming to carry on, 
hence a desire for this particular thesis.  

To optimize the production flow, Permobil Timrå 
wanted to reduce the wheelchairs throughput 
times to achieve future goals and to reach shorter 
delivery times to their customers. Permobil’s 
strategy is “To stand up for the consumers' rights 
and provide the best possible solutions” (Permo-
bil, n.d.f). The customer is the main focus at Per-
mobil and the company wants to do everything 
possible to make it easier for the customers, who 
often are in great need of the wheelchair. In some 
cases, the costumers are limited to their bed until 
the wheelchair arrives. This is one reason why 
Permobil sees great value in offer short delivery 
times. 

Permobil is also a company that aims to imple-
ment Lean Production as an organizational phi-

losophy. At the initial stage of this thesis, Permo-
bil was in the beginning of implementing Lean 
Production, and the goal was to spread the con-
cept throughout the whole company.   

Permobil’s production flow in Timrå, PPFT, was 
the focus on this thesis, involving the main steps 
of producing a wheelchair (see Chapter 5). At the 
facility in Timrå, Permobil produced approxi-
mately 65 basis models, which in turn could be 
combined into a number of different variants. 
This means that Permobil is a company with 
High-Mix and Low-Volume, HMLV, products. A 
future challenge is therefore how Permobil should 
continue implementing Lean and how it should be 
adopted to their unique enterprise.  

Permobil Timrå had determined many fields that 
where in need of improvements. This thesis as-
signment was to identify the problems in PPFT in 
order to develop potential improvements. Our 
final solutions will focus on the Custom depart-
ment and our recommendations will include the 
entire PPFT.  

1.2. Stakeholders 
The main stakeholders of this thesis were within 
the company, given that the assignment con-
cerned their production flow. Permobil expressed 
a desire to review their production in order to 
investigate if it was possible to optimize their 
production flow due to reducing the throughput 
time, TPT, of the products. The client of this the-
sis was therefore the production management in 
Timrå. Thus, the users in this thesis were the as-
semblers and employees on the production floor, 
which was throughout an important aspect for this 
project.  

Permobil’s customers where in the long run also 
affected, as consumers of the products. This is 
people who are unable to live life to its fullest due 
to some sort of disability. Based on Permobil’s 
keynote to always think about their costumers, 
they also become a central part in this project.  

"Every disabled person has the right to have 
his or her handicap compensated as far as 
possible by aids with the same technical 

standards as those we all use in our everyday 
lives" – Permobil’s founder Dr. Per Uddén 

1967 (Permobil, n.d.f) 
 



 

INTRODUCTION 2 

1.3. Objective and aim 
The objective for this thesis was to optimize Per-
mobil’s production flow in Timrå, to obtain 
shorter throughput times for the products. The 
aim was to deliver concrete proposal improve-
ments to Permobil at the end of the project. The 
project was to be involving the Lean Production 
way of thinking, knowledge of what happens 
when implementing Lean philosophy in an organ-
ization with HMLV products and how the em-
ployees would respond and act because of this. A 
good work environment was also a crucial factor 
to take into account in this thesis. To reach the 
objective and aim, the research questions to be 
answered in the end of the project were as follow:  

! How can the throughput time in Permobil pro-
duction flow in Timrå be optimized through a 
production and employee perspective? 

! How can a throughput time optimization be 
applied to Permobil as a Lean-company with 
HMLV characteristics?  

! What factors affect the throughput time of the 
products and where can they be identified in 
PPFT?  

! How can a good work environment be estab-
lished in the optimization of throughput time?  

1.4. Project scope 
This project only included Permobil’s inventory 
system when it was affecting the production sys-
tem, the external inventory distribution was not to 
be considered. The project did not include de-
tailed analysis of the human musculoskeletal 
system and economic computations/calculations. 
The project lasted for 20 weeks and included 30 
credits (hp). This means that 1600 hours were 
available in resource for this thesis. 

 

 

 

1.5. Disposition 
The disposition of this thesis is explained below.  

! Chapter 1, Introduction. A quickly review of 
what the project includes and a brief explana-
tion of the incentives to the project’s origin. 

! Chapter 2, Contextual framework. An introduc-
tion to Permobil as a company and a general 
explanation of Permobil’s production. 

! Chapter 3, Theoretical framework. Theories on 
areas relevant to the projects process, for ex-
ample how to implement Lean Production in 
an HMLV-company. 

! Chapter 4, Method. Description of the ap-
proach and the process of the project that led to 
the final outcome. The chapter ends with a crit-
ical discussion of the used methods. 

! Chapter 5, Current state. A detailed description 
of the wheelchair production flow through the 
facility in Timrå. 

! Chapter 6, Analysis of current state. Result 
from analyzing PPFT in relation to the objec-
tives and aims set as basis for the thesis. 

! Chapter 7, Concept development. A summary 
of the result from the concept development 
phase. This chapter ends with a description of 
the final solutions that the project attained. 

! Chapter 8, Discussion. A critical reflection of 
the process and the results of the project. This 
chapter ends with a recommendation of future 
work and what details that need to be devel-
oped. 

! Chapter 9, Recommendation. A summary of 
the given recommendations, both specific to 
the Custom department but also to the entire 
PPFT. 

! Chapter 10, Conclusion. A conclusion of the 
thesis that answer the research questions. It 
will also involve a description on how the pro-
ject follows the objective and aim.  



 

CONTEXTUAL FRAMEWORK 3 

2. Contextual framework 
Permobil is a world leading manufacturing company of electrical wheelchairs, they are specialized to 
produce advanced products for patients with severe disability. The company is growing very rapidly 
and is continuously recruits. At the beginning of this thesis, Permobil Timrå was about to expand the 
amount produced chairs per year. Permobil’s facilities in Timrå have approximately 250 employed 
with the average age of 41 years. The sex ratio at the facility is 28 percent women and 72 percent 
men. The company has 1,400 employees worldwide, is established in 20 countries and has sales dis-
tributions in 70 countries. Permobil have one factory in Sweden, one in France, one in China and 
three in USA. The company is owned by Investor AB, a Nordic-based investment trust company 
grounded by the Wallenberg family (www.investerab.se). This chapter describes the history of the 
company, the situation in Permobil today and the future goals of the company. 

2.1. History of Permobil
Permobil’s founder, Dr. Per Uddén discovered a 
need for people with disabilities to have the same 
movable possibilities as any other. Uddén started 
the company in 1967 with the vision to ensure 
that every human have the same life opportunities 
as any other (Permobil, n.d.f). Permobil’s logo 
stands for the values and guidelines of the com-
pany (Figure 1). The twisted e, means it should be 
fun to work at Permobil. The lowered o, stands 
for mobility and speed. The dot above the i is not 
centered, which means that no one is perfect.  

 
Figure 1. The logo of Permobil 

History of Permobil Timrå 
To visualize Permobil Timrå’s performance over 
the years a time line with the key performance 
indicators was established (Figure 2). The TPT 
has been improved from 30 days to 7 days and 
the number of power wheelchair per fulltime 
employee has risen from 45 chairs to 54 chairs. 

Permobil Timrå was initially divided into two 
different buildings, which was located approxi-
mately 16 kilometers from one another. One 
building contained the assembly processes and 
the other building handled the customizing of the 
chairs. At this point Permobil Timrå used cell 

production where the chassis was mounted in one 
cell, the seat in another and then they were as-
sembled together at a third cell. The cells where 
using large buffers and were placed in completely 
different areas in the facility. Permobil saw prob-
lems with this way of producing chairs and they 
began to discuss changes in the production. This 
led to an implementation of a line production in 
2009. At this point the company started to im-
plement daily management by holding daily 
meetings for all departments in the production 
unit and thereby, they reached a more efficient 
organization. 

The production unit in Timrå, PPFT, started to 
steer the company production towards Lean phi-
losophy and in 2011 Permobil Timrå joined a 
national program called “Produktionslyftet” 
which became the starting point of implementing 
Lean Production in the company. “Produktion-
slyftet” was initiated by Teknikföretagen and the 
union IF Metall in 2006 and is a program that 
aims to strengthen the prospects of a profitable 
industry in Sweden (www.produktionslyftet.se). 
At this point, Permobil Timrå started to develop 
an improvement group, Permobil Continuous 
Improvements (PCI), that begun the discussion on 
how to improve the company. The group put to-
gether a pilot group consisted of some employees 
from the production line.  

 
Figure 2. Evolution of the production line 
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The pilot group was given a thorough education 
about Lean and the group started applying the 
Lean tool 5S in their workplace. This project 
aimed to implement the Lean philosophy 
throughout Permobil but faced difficulties. The 
Lean philosophy failed to be implemented 
through the management but due to the positive 
result in the production line, Lean were spread 
through PPFT. 

After attending “Produktionslyftet” a new type of 
line, ”mixed model line”, was implemented in 
PPFT. The line had a hidden takt time based on 
the certain number of chairs made each day, di-
vided by the available working time. This meant 
that the guideline was to produce a certain 
amount of chairs on one day, regardless of the 
working time of day and the chairs cycle time. 
This type of production system used a push sys-
tem that means that the wheelchair produces even 
if there is no demand from the next station. It also 
included buffer zones between all stations within 
the line. The PCI group realized that this mixed 
model line-system was not working for PPFT. 

In 2013, Permobil Timrå eliminated all buffers 
and began using a visible clock that showed the 
takt time of the line. This system is still active 
today and the line uses a pull system that means 
that the wheelchair dose not move to the next 
station until all the stations at the line are done. 
Permobil Timrå’s two operations merged in 2014. 
This meant that a well-adjusted production line 
and a customized department without time con-
strain, were to be joined together in one facility.  

2.2. Production unit Timrå  
The production at the facility in Timrå, PPFT, is 
divided into seven different areas; Line start, 

Preassembly, Line, Custom, Control, Packaging 
and Inventory. The product flow in the PPFT is 
illustrated in Figure 3. 

The production of a wheelchair starts at the Line 
start, where the chair’s chassis is prepared on a 
roller table. Some of the chassis need to be preas-
sembled but most of them are directly proceed in 
the process. The chair is then moved to the Line 
and passes through thirteen assembly stations, 
one inspection and one unloading station. Ap-
proximately fifty percent of the produced chairs 
go to the Custom before the Control. In the Cus-
tom station the chair gets customized with all 
kind of supplements, to meet the customers’ 
needs. The remaining chairs are directly moved 
from the Line to the Control. When the chair has 
been controlled, it moves on to the packaging to 
be shipped to the customer.  

A clarification of the material flow can be seen in 
Figure 3. The information flow starts at the office 
and is then spread further in the production 
(Figure 4). 

The inventory system Permobil uses in Timrå 
consists of two inventories. One production in-
ventory that provides material to PPFT and one 
central warehouse that provides materials neces-
sary for the Custom station. The central ware-
house also distributes materials and spare parts to 
other Permobil units. The arrangement in PPFT is 
mainly based on daily planning except from the 
Custom station, which has weekly planning. 
When an order reaches Permobil Timrå the order 
is being received and transferred in the system. 
The orders can either be on a standard chair or a 
customized chair. If a standard order comes from 
Sweden, the order has to be transfer into the sys-
tem, which takes around 15 minutes.  

 
Figure 3. Layout and material flow of the production unit in Timrå 
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Figure 4. Information flow of the production unit in Timrå

If the standard order comes from outside Sweden 
the transferring is being done automatically, 
which takes about 30 seconds. When a custom 
order is being received, sometimes the order have 
to go through the employees in the Custom sta-
tion to determent how the order should be han-
dled and how long time it should take to process. 
A custom order takes about 30 minutes to trans-
fer. 

When the order is received, a production planner 
determines the sequencing of the wheelchairs, 
latest the day before planned production. A plan-
ning of one order can take from 1 to 6 minutes in 
a flawless state without deviations. The arrange-
ment may be modified due to different reasons, 
such as quality deviations, incorrect order and 
missing materials. If the modification is done 
manually, the information has to go through Line 
start, which in turn transmits the information to 
the other stations. Changes should not be made if 
the chair is already in the production line.  

The goal of today is to manufacture and deliver 
115 chairs each week and to have an annual sup-
ply of 5500 chairs. Purchases of materials are 
made in Timrå, and are based on forecasts of 
customer demand to both inventory systems. The 
company has a margin of error of two percent of 
all purchased materials, which must be taken into 
consideration when ordering materials. 

Product 
Permobil Timrå’s product range consists of a 
number of variants. Each product variant is pro-
duced in a low volume. Permobil Timrå offer 
about 65 basic models, which in turn can be spe-
cialized to a tremendous amount of specific mod-
els that provides their customer the opportunity to 
live an independent life (Permobil, n.d.b). One 

common type of wheelchair, F5 Corpus, is shown 
in Figure 5. All chairs also have a variety of ac-
cessories the customers can choose from to de-
sign an individual wheelchair. Permobil offers 
wheelchairs to children, young people and adults 
in three main categories; Pediatric, Outdoor and 
Indoor/Outdoor (Permobil, n.d.b). Permobil's 
wheelchairs in the category of “pediatric” are 
designed to fit children and small adults (Permo-
bil, n.d.e). This type of wheelchair is designed to 
grow with the user for many years to come. The 
outdoor wheelchair is a powerful chair that pro-
vides an adventurous opportunity for the custom-
er (Permobil, n.d.d). These chairs have among 
other things powerful motor packages, robust 
suspension systems and larger battery technolo-
gies (Permobil, n.d.d). Permobil’s indoor/outdoor 
wheelchairs have an innovative design and are 
easy to maneuverer in a variety of environments 
(Permobil, n.d.c).  

 
Figure 5. Permobil's wheelchair, F5 Corpus 

 



 

CONTEXTUAL FRAMEWORK 6 

2.3. Future of Permobil Timrå 
At the end of 2015, Permobil Timrå was produc-
ing 4600 wheelchairs per year. The long-term 
goal for Permobil Timrå is to reach an annual 
production of 7000 power wheelchairs, PWC, by 
2018. To reach this goal, the company will use 
sub targets, divided per year (Figure 6). The 
number of power wheelchairs per week, 
PWC/Week, will grow from 115 pieces to 160  
pieces and the takt time will reduce from 16 
minutes to 12 minutes in 2018. 

 

Permobil Timrå expressed a desire to continuous 
work with Lean principles in the future. They 
were at the time of this thesis developing Permo-
bil Lean System, which aims to maintain com-
mon guidelines within the whole company to 
achieve future goals. In connection with this sys-
tem, Permobil wanted to continue to work with 
the lean tools they use today, such as 5S and daily 
management. 

 
Figure 6. Timeline of the future of Permobil Timrå
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3. Theoretical framework 
This chapter presents the theoretical foundation this thesis stands upon. The main topics are back-
ground to to the field Industrial design engineering, Lean philosophy, implementing Lean in an organ-
ization and how Lean relate to companies with high-mix and low-volume products. The topics are 
based on the main target of this thesis. A background to industrial design engineering creates a scope 
for the thesis to keep within. Theories involving Lean Production gives a relevant point of view due to 
the desire from Permobil Timrå to expand the Lean concept through their organization. Research 
involving how employees are affected while implementing an organizational change provides an un-
derstanding on how to pay attention on the human element of the system in order to maintain a point 
of view that puts the human in the center. The information presented in this chapter will be used 
throughout the project. 

3.1. Industrial design engineering 
The subject Industrial design is the basis of this 
thesis and the outcome was to lie within the prin-
ciples of the theories of industrial design and 
production development.  

 
Through the growth of the industrial society, the 
modern design process has appeared with it. In 
the last few decades, people have become more 
accustomed with technology. In today’s society, 
products do not differ so much in terms of tech-
nical characteristics. Therefore, companies are 
trying to add value into their products, to become 
the enterprise that acquires new customers. The 
striving to always renew, has made Industrial 
design engineers more and more important. In-
dustrial design engineers uses knowledge based 
on ergonomics, work science and psychology in 
their work with development. One important as-
pect is that they always have the human in the 
center in the development process (Götz & Maier, 
2007). 

Production Development 
Production development includes both improve-
ment of existing systems and development of new 
systems. To reach the most eligible production 
development, it is required that the production is 
considered both from a long-term and a strategic 
perspective (Bellgran & Säfsten, 2005).  

 

It is important, if a production system is devel-
oped, that it supports the factors a company has 
chosen to compete with. This is facilitated if the 
company has a well-designed production strategy. 
The production strategy is a plan, which contains 
activities that need to be considered in order to 
achieve the company’s goals. These goals are, 
cost, delivery performance, quality and flexibility 
(Bellgran & Säfsten, 2005).  

Production is a process where products are creat-
ed through a combination of material, work and 
capital. The overall function with a production 
system is to transform an input to an output. The 
input can be a transformation of raw material and 
an output can be a finished product (Bellgran & 
Säfsten, 2005). Bellgran and Säfsten consider that 
technology, people, energy and information are 
required and need to be organized for a transfor-
mation to be possible. To achieve a transfor-
mation between input and output, the organiza-
tion must include a technical, human and infor-
mation system. These together form a production 
system (Bellgran & Säfsten, 2005). 

It is important to carefully plan the development 
of the production system, both at management 
level and operational level. When a development 
of a production system takes place it is essentral 
to have an understanding on how the work should 
be done, both in terms of the activities that should 
be considered and the order in which these ought 
to take place (Bellgran & Säfsten, 2005). 

Johansson (2008) points out the low priority on 
health and safety issues in the working environ-
ment development, which often takes place sepa-
rately from the production development. He also 
states that health and safety issues often are treat-
ed late in the production development process, 

“Design is the act of formalizing an idea or 
concept into tangible information”. - Mital, 
Desai, Subramanian, & Mital (2010, p. 19) 

““Production development” is a comprehen-
sive concept. It is about the creation of effec-
tive production processes and about the de-
velopment of production ability.” – Bellgran 

& Säfsten (2010, p. 1) 
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which leads to that the developing process be-
come less effective in terms of cost and resources. 
Bellgran and Säfsten (2005) also state that issues 
with the work environment are often forgotten 
and neglected in the development of the produc-
tion system. It is extremely important to design 
and develop the work environment together with 
the production system (Bellgran & Säfsten, 
2005). 

Design for sustainability 
Humans in today´s society have a great impact on 
the environment. The humans’ needs are con-
stantly increasing which affect the future genera-
tion (Tooley, 2010). Tooley means that this will 
lead to a huge increase of “stuff”. Therefore, it is 
important to design for sustainability, a long-term 
perspective that means to adapt design methods to 
a lifestyle that meets the need of the future. This 
will take decades or centuries, and will require a 
huge effort (Tooley, 2010). As part of design for 
sustainability, it is also important to design for 
manufacturing. Poli (2001) describe design for 
manufacturing as a mind-set that means that 
manufacturing input is used early in the design 
process in order to design products that can be 
produced more easily and more economically. 
Duin, Cerinšek, Fradinho and Taisch, (2013) state 
that manufacturing industries account for a large 
portion of the world´s resource usage and con-
sumption of waste. Therefore, industries have a 
great responsibility to lead toward a sustainability 
society (Duin, Cerinšek, Fradinho, Taisch, 2013). 
If issues as consumption of waste, should be 
treated in time, the environmental and social con-
siderations should be introduced early in the edu-
cation of design and engineering (de Vere & 
Melles, 2013). Industrial design engineers have 
the knowledge to manage the development pro-
cess to design sustainable workplaces (Luleå 
tekniska universitet, 2016). It is therefore im-
portant to use the knowledge in the development 
to reach the long-term perspective of a sustaina-
ble society.  

3.2. Lean Production 
Permobil is a company that strives to implement 
Lean Production as an organizational concept in 
all operations in the company. Lean Production 
has positive effects on several measurable param-
eters. The concept has contributed to decreased 
cost per unit, improved effectiveness and in-
creased utilization. Benefits such as dropped 
throughput and cycle time, decreased inventory 
level on the shop floor and increased outputs was 

also met with Lean Production (Losonci, Demeter 
& Jenei, 2011). 

 

History of Lean 
Lean Production has its roots far back in time. 
Fred Taylor and Henry Ford saw the weaknesses 
with craft production and laid the foundation for 
mass production. In 1937, Eiji Toyoda, a young 
Japanese engineer, and his family founded Toyota 
Motors. At this time, Japan were in great crisis 
and after thirteen years of effort Toyota Motors 
could not produce far as much as Ford where able 
to. Therefore, Toyoda decided to visit Ford’s 
plant in Detroit. He studied the Ford plant and 
concluded together with his production talent 
partner, Taiichi Ohno that mass production would 
not work in Japan. They were facing unnerving 
challenges. For example, the domestic market 
was small and demanded a wide range of vehi-
cles, the Japanese economy was imbalanced and 
there were a lot of established carmakers in the 
world. After thirty years, Ohno had come up with 
a system called the Toyota Production System 
(TPS), or Lean Production, which was the solu-
tion to Toyota’s problem (Dennis, 2002).  

The term Lean Production became a revolution-
ary term in manufacturing, which were replacing 
mass production (Womack, Jones, Roos & Sam-
mons Carpenter 1990). The target with Lean Pro-
duction was to eliminate waste, which included 
the waste of work-in-progress, and the waste of 
finished goods inventories. It was not about ex-
cluding people but about expanding capacity. To 
achieve this the costs must be reduced and the 
cycle time between customer orders to shipping 
date has to be shortened (Liker, 2004a). 

 
Liker (2004a) says that Lean Production is about 
the entire production system, a system that cre-
ates a culture in which people are constantly im-
proving the production. Lean Production leads to 
a management culture that is the integration of 
vision, culture and strategy. The goal with this 
culture is to serve the customer with high quality, 
short delivery times and low costs (Liker, 2004a).  

“Lean production, also known as the Toyota 
Production System, means doing more with 

less – less time, less space, less human effort, 
less machinery, less materials – while giving 

customers what they want.”  
- Dennis (2002, p. 13) 

“Lean is much more than techniques. It is a 
way of thinking.” - Liker (2004a, p. ix) 
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Criticism on Lean 
As mentioned, Permobil is working with Lean 
Production. Although Lean has a lot of positive 
effects, it is of interest to understand what critism 
there are to this philosophy. Lean is a widespread 
concept that has been popular due to its positive 
organizational performance (Jasti & Kodali 
2015). However, Hasle, Bojesen, Jensen and 
Braming (2012) state that Lean leads to a nega-
tive impact on the employees’ health, their well-
being and on the working environment. This is 
confirmed by the American engineer, Darius 
Mehri (2006), who lived and worked in a Toyota 
group company in Japan for three years. From his 
experiences, he came across the ‘dark side of 
lean’, which he means was that Lean has a rough 
impact on the human. He questioned the Lean 
system and saw the acclaimed TPS concept with 
skepticism. Mehri claims that TPS has a negative 
effect on employees’ well-being and safety. His 
expectations for the Japanese company did not 
correspond to reality. Instead of experiencing the 
supposed benefits with Lean the company was 
creating dangerous working environments for the 
employees. He stated that machinery was 
squeezed together on the assembly line and the 
line speed was too fast, which resulted in many 
reported injuries. He also stated that lack of train-
ing is the underlying reason why many accidents 
occurred (Mehri, 2006). 

Delbridge et al. (2000), (cited in Saurin & Ferri-
era, 2009), states that there is an agreement on the 
positive influences of Lean Production on quality 
and productivity, but unfortunately, the same 
does not apply when it comes to the work envi-
ronment. Niepce and Molleman (1998), (cited in 
Saurin & Ferriera, 2009), state that workers will 
be exposed to stress and their autonomy will be 
reduced as a result of Lean principles, such as 
continuous flow, work-in-process and tightly 
connected processes. Even if there are negative 
criticisms on Lean, Hasle et al. (2012) point out 
that there should not be a judgment on Lean Pro-
duction, instead they recommend organizations to 
think about how Lean and the working environ-
ment can be productively together. By having this 
question in mind, they state that the organization 
has potential to move towards an understanding 
that Lean and the working environment are close-
ly coupled. Even though Lean tends to have a 
negative impact on employees, positive effects 
have been verified (Hasle et al., 2012).  

3.3. Challenges of implementing lean  
Permobil was in the beginning of their adaptation 
of the organizational concept Lean Production, 
when this master thesis started. A tough labor 
market forces companies such as Permobil, to 
develop and improve their organization (Losonci 
et al., 2011). Due to the rapid technological de-
velopment, change has become a natural process 
in the organizational structure (Balogun & Hope 
Hailey, 2004). Lean Production is a philosophy 
that is used in organizations to eliminate waste in 
order to serve high quality, short delivery times 
and low costs (Liker, 2004a). According to Jasti 
and Kodali (2015), the philosophy is growing day 
by day due to its positive impact on the compa-
nies’ performance. Organizations are difficult to 
change and a slow development is in the organi-
zation’s nature (Abrahamsson, 2016). According 
to Balogun and Hope Hailey (2004) organization-
al change projects has a failure rate at 70 percent. 
A large change tends to result in negative impact 
on health and risk factors (Westgaard & Winkel, 
2011). Alvesson and Svenningsson (2014) rec-
ommend thinking twice before engaging in a 
change project. 

Companies have various backgrounds and differ-
ent precondition, therefore they have dissimilar 
abilities to implement changes in their organiza-
tion (Abrahamsson, 2016). An implementation of 
a change should be based on previous organiza-
tional experiences in order to gain a more profita-
ble change (Alvesson & Svenningsson, 2014). 
Organizational changes rarely reaches the intend-
ed goals. Implementing a new organizational 
structure could even worsen the profitability and 
the work environment for certain groups of em-
ployees (Abrahamsson, 2016). For instance, the 
cost of implementing Lean Production could be 
much higher than the benefits that will come out 
of it (Oudhuis & Tengbland, 2013). Westgaard 
and Winkel (2011) state that about half of the 
companies that have applied a Lean practice re-
ceive a negative outcome. A common problem 
with implementing a new organizational concept 
is the simplification of a complex organization 
(Abrahamsson, 2016; Alvesson & Svenningsson, 
2014). Most organizations implement Lean as 
“bites-and-pieces” instead of a complete package 
(Jasti & Kodali, 2015). In a case study, Oudhuis 
and Tengbland (2013) identified a lack of contex-
tual sensitivity when implementing Lean. Oudhu-
is and Tengbland mean that this could mean that 
the companies have not applied the Lean philoso-
phy as well as they could.  
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An implement of an organizational change does 
not always mean resistance (Angelöw, 1991; 
Alvesson & Svenningsson, 2014). Oudhuis and 
Tengbland (2013) argue that Lean Production is 
the only solution for creating efficient workplaces 
and that a Lean philosophy with a strong focus on 
the individual aspect is to prefer. Humans have a 
need for change and development (Angelöw, 
1991). It is recommended to work with reason-
able and realistic ambitions for an organizational 
change (Alvesson & Svenningsson, 2014). If an 
organizational implementation of Lean appears to 
be successful, it is more likely to achieve higher 
acceptance among the employees (Losonci et al., 
2011).  

Employees in a change process 
A large change project within a company chal-
lenges the existing status structure and the em-
ployees’ professional knowledge, belonging and 
identity (Abrahamsson, 2016). Abrahamsson 
states that most planned organizational change 
face resistance within the company. One reason 
for the employees to react negatively is if the 
change appears as threatening (Angelöw, 1991). 
An organizational change may result in job loss 
(Westgaard & Winkel, 2011), which could cause 
some uncertainty for the employees. Oudhuis and 
Tengbland (2013) argues that in order to achieve 
a successful transformation, it is essential with 
organizational trust. Angelöw (1991) states that 
another important factor to a successful organiza-
tional change is the knowledge of how the em-
ployees are affected due to the change.  

Good communication is also a crucial factor re-
garding a change management (Abrahamsson, 
2016; Oudhuis & Tengbland, 2013). Communica-
tion has a considerable direct effect to the em-
ployees’ perceptions when it comes to a success-
ful implementation of Lean practice (Losonci et 
al., 2011). If the employees do not understand the 
nature, purpose and process of the change, it be-
comes difficult to rely on the individuals to par-
ticipate (Kimber, Barwick & Fearing, 2012). 
Losonci et al. (2011) finds that Lean philosophy 
together with an intense communication can build 
a strong commitment that leads to feelings of 
success around the company.  

Alvesson and Svenningsson (2014) argue that in 
order to stand against resistance, you have to be 
open with the purpose of the change and include 
all members of the company in the project. It is 
important that employees have a good health. If 
they have not, the work is affected badly and in 
the long run, the society will be affected (Rose & 
Mikaelsson, 2011). Rose and Mikaelsson means 
that it is all connected, how the individuals are 
feeling, the company’s performance and the soci-
ety’s diversity. A crucial factor for the employees 
to feel good about their work is a good psychoso-
cial work environment. A good attitude is im-
portant for the employees to be able to perform. 
Five factors that have great impact to a positive 
experience of the work environment are the em-
ployee’s possibility of control, a good work man-
agement climate, the opportunity to develop and 
expand one’s knowledge, a good sense of unity 
within the workforce and an appropriate work-
load (Rubenowitz, 2004, s.97). These factors are 
about retaining a good attitude towards the work-
place in general. A belief in a rapid solution is a 
common mistake while working with a change 
project (Alvesson and Svenningsson, 2014). You 
have to understand that change processes take 
time and that people will act against change pro-
cesses if they do not keep up (Abrahamsson, 
2016). It is crucial to maintain a high influence 
from the employees in order to avoid rapid trans-
formations activities (Angelöw, 1991).  

Implementing Lean Production in an organization 
could mean loss of work richness, which in turn 
could lead to loss of meaningfulness and motiva-
tion (Oudhuis & Tengbland, 2013). Westgaard 
and Winkel (2011) find that Lean practice is be-
ing implemented without work environment con-
siderations. On the other hand, Lean claims that 
bad work environment is a waste (Abrahamsson, 
2016). According to Saurin and Ferreira (2009), 
Lean Production and a healthy work environment 
are not necessarily conflicting and a Lean imple-
mentation could even improve the employees’ 
working condition. A conclusion to this is that 
there is not one way to implement an organiza-
tional change, one has to adapt the process to the 
actual product, the competence of the operators, 
the need of customers and available technology 
(Oudhuis & Tengbland, 2013).  

A mutual question at issue and shared vision 
within the company are essential conditions to 
develop successful change projects (Abra-
hamsson, 2016). Angelöw (1991) states that the 
employees have limited influence and usually 

“Change management based on participation, 
security, generous and direct information, 
mutual trust etc., is usually welcomed and 

seen as positive.” – Angelöw (1991, p. 19). 
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gets final change projects presented by their man-
agers. A common problem is to think that the 
managers are the superior operator who is in total 
charge (Alvesson & Svenningsson, 2014). The 
employees’ ability to influence is crucial to have 
a successful organizational change (Abra-
hamsson, 2016; Alvesson & Svenningsson, 
2014). A high commitment level of the employ-
ees is also an important factor to succeed with a 
Lean transformation (Losonci et al., 2011). How-
ever, to work in a Lean factory often means lim-
ited participatory of the employees (Abra-
hamsson, 2016; Westgaard & Winkel, 2011). On 
the other side, the Lean philosophy argues that all 
employees should be involved in continuously 
improvement and daily management (Abra-
hamsson, 2016). While implementing Lean in an 
organization, you should make sure to involve the 
employees so they feel ownership and participa-
tion (Oudhuis and Tengbland, 2013). 

It is also clear that learning is an important factor 
to improve the employees’ participations (Alves-
son & Svenningsson, 2014; Glover, Farris & Van 
Aken, 2015). Oudhuis and Tengbland (2013) 
mean that an implemention of Lean Production 
gives an outcome of considerable loss of learning 
possibilities. Glover et al. (2015) states that if 
employees get an increased learning, they will be 
more accepting of change. This is because they 
are more aware of their own role in the process. 

 
 

 

The Toyota Production System  
Taiichi Ohno illustrated the principles of the 
Toyota production system, or Lean Production, 
using a house (Figure 7), by knowing the compa-
nies’ four most basic principles; Standardization, 
Stability, Just-in-Time and Jidoka. The illustra-
tion of the house was used to teach suppliers 
about TPS. He simply tried to explain that the 
house must be built from the bottom and no part 
of the house can be built without the other 
(Marksberry, 2013). Liker (2004b) describes the 
house as stable, as long as the house does not 
have a weak link.  

The house’s (Figure 7) foundation consist of sta-
ble and standardized processes, which means to 
achieve repeatable methods everywhere to ensure 
that the employees are working for the same 
working methods. The house is structured with 
two pillars, Just-in-Time (JIT) and Jidoka. JIT 
means to deliver the right items, at the right time 
and in the right amount. Jidoka aims to eliminate 
the risk that a defect product will be delivered to 
the customer.  

The main goal is to have zero defects in the pro-
duction and to never let a defect product pass 
downstream (Kremer & Fabrizio, 2005). In the 
center of the house are people, which constantly 
work with continuous improvements. That in-
volves teamwork, common goals, problem solv-
ing and waste reduction. The roof of the house is 
the main goal with Lean Production, namely to 
deliver with best quality, lowest cost, shortest 
lead time and best safety (Liker, 2004b). 

 
Figure 7. Lean Principles (Dennis, 2002) 
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The Toyota Way
The success of Toyota is a result of operational 
excellence. Lean Production tools and quality 
improvement methods where made famous in the 
manufacturing world, such as Just-in-Time, Kai-
zen, One-Piece flow, Jidoka and Heijunka (Liker, 
2004b). The techniques were the ground for the 
spreading of Lean manufacturing revolution Liker 
(2004b). However, Liker (2004b) means that the 
tools and techniques are not enough to transform 
a business. The secret is to have a deep business 
philosophy built on the understanding of people 
and the human motivation.  

The success is basically created on its capability 
to form leaderships, teams, and culture to build 
suppliers relationships, create strategy and to 
maintain a learning organization. The Toyota 
Production System is based on 14 principles. 
Liker (2004b) breaks down these principles to 
four categories to ease the understanding of it. 
Liker called this the “4 P Model” (Figure 8), 
which contains Philosophy, Process, Peo-
ple/Partners, and Problem Solving. The Philoso-
phy category is the base, which the other catego-
ries rest upon, and means that the companies need 
to have a long-term thinking philosophy. The 
second category is about to constantly eliminate 
waste. The third category is about respect, devel-
op and challenge people (Liker, 2004b). The top 
of the pyramid represents problem solving, which 
involves continuous improvements and learning 
(Bellgran & Säfsten, 2005).  

 
Figure 8. 4 P Modell (Liker 2004b) 

The 14 principles according to Liker (2004b) are 
as follows: 

Philosophy as the foundation  

1. Base your management decisions on a long-
term philosophy, even at the expense of 
short-term financial goals 

 

 

The right process will produce the right results  

2. Create a continuous process flow to bring 
problems to the surface 

3. Use ‘pull’ systems to avoid overproduction 
4. Level out the workload  
5. Build a culture of stopping to fix problems, to 

get quality right the first time 
6. Standardized tasks and processes are the 

foundation for continuous improvement and 
employee empowerment 

7. Use visual controls so no problems are hid-
den 

8. Use only reliable, thoroughly tested technol-
ogy that services your people and processes 

Add value to your organization by developing 
your people and partners  

9. Grow leaders who thoroughly understand the 
work, live the philosophy and teach it to oth-
ers 

10. Develop exceptional people and teams who 
follow your company’s philosophy 

11. Respect your extended network of partners 
and suppliers by challenging them and help-
ing them improve 

Continuously solving root problems drives 
organizational learning  

12. Go and see for yourself to thoroughly under-
stand the situation 

13. Make decisions slowly by consensus, thor-
oughly considering all options; implement 
decisions rapidly 

14. Become a learning organization through re-
lentless reflection and continuous improve-
ment 

Waste 
In order to improve the production efficiency in 
PPFT it is important to know the wastes that can 
counteract an efficient production. The Lean phi-
losophy consists of three different types of 
wastes. The first one is called Muda (Non-value-
added). This waste stands for the activities that 
contribute for extended lead time, extra move-
ment to get parts or tools, or waiting time. The 
second type of waste is Muri (Overburdening 
people and equipment). This occurs when ma-
chines or persons are pushed beyond natural lim-
its. Overburdening of people can results in safety 
and quality problems. Overburdening of equip-
ment causes breakdowns and defects. The third 
type of waste is called Mura (Unevenness), which 
implies to an irregular production schedule. This 
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waste is usually connected with internal problems 
like, downtime, missing or defective parts. This 
means that it is necessary to have material, 
equipment and employees adapted to the highest 
production level, even though the average level is 
lower (Liker, 2004b). 

Eight wastes are identified in the non-value-
added waste category: 

1. Waste due to overproduction. This waste will 
occur when producing items over the amount 
required by the market. This type of waste is 
considered as the worst, since overproduction 
creates problems that often obscure funda-
mental difficulties (Suzaki, 1987). 

2. Waste due to waiting. Waste that occurs due 
to waiting is often easy to identify (Suzaki, 
1987). This waste can occur as the workers 
watch an automated machine or have to wait 
for the next processing step, tool, part or 
equipment downtime (Liker, 2004b).  

3. Waste due to unnecessary transport. This 
waste happens when material, part or finished 
goods needs to be moved between processes 
or in and out of the storage (Liker, 2004b). 

4. Waste due to overprocessing or incorrect 
processing. This waste can be described as 
doing more than required. Wastes can be 
identified when producing goods with higher 
quality than necessary or producing defected 
parts due to poor tools or product design 
(Liker, 2004b). 

5. Waste due to excess inventory. Additional 
raw material, work-in-process, or finished 
products will lead to longer lead times, extra 
transportation and extra storage costs. This 
type of waste can hide problems such as pro-
duction imbalance, defects and equipment 
downtime (Liker, 2004b). 

6. Waste due to unnecessary movement. This 
waste is associated to the employee motion 
during a day, such as reaching for, stacking 
parts, looking for items and walking between 
processes (Liker, 2004b). 

7. Defects. This type of waste occurs when de-
fective parts are produced or when a correc-
tion of the parts is necessary. This will lead to 
inefficient handling, time and effort (Liker, 
2004b).  

8. Unused employee creativity. If the company 
are not listening to the employees, ideas, 
skills, improvement and learning opportuni-
ties can be lost (Liker, 2004b). 

5S 
One of the Lean tools that Permobil uses is 5S. 
According to Hill (2012), the best way to elimi-
nate wastes is to implement the 5S program. 5S is 
a methodology that helps organizations simplify, 
clean and sustain a profitable work environment. 
It is based on the simple idea to have a clean and 
safe work environment. Hill (2012) presents 5S 
as; 

! Sort: Go through items and separate the neces-
sary from the unnecessary. 

! Set in order: Make sure everything has a defi-
nite place and these are clearly labeled for ease 
of location. 

! Shine: Have a systematic cleaning method. 
Sweep, wash, clean, and shine everything 
around the work area after each operation.  

! Standardize: Use standardized methods to easy 
keep everything clean and make the workplace 
more accessible. 

! Sustain: Ensure that everything in the organi-
zation follows all of the 5S strategies. Make 
this an ongoing process for continuous im-
provement. 

3.4. High-mix and low-volume 
Today, companies like Permobil need to face the 
problems with high mix of products and a con-
stant change in demand (Horbal, Kagan & Koch, 
2008). Lewis, Goodman, Fandt and Michlitsch 
(2007) mean that there are two different types of 
configurations in the manufacturing industry. 
Companies can differ both in the variety of out-
puts produced and the volume of item that are 
provided. Companies that have high-volume and 
low-variation production are providing a few 
different types of products, in a high volume. The 
opposite consists of companies with High-Mix 
and Low-Volume, HMLV, products. These com-
panies are able to deliver a wide range of varied 
products in only a few number of each. 

Jina, Bhattacharya and Walton (1997) say that a 
typical Lean plant produces from 100,000 units 
and above per year. HMLV plants are character-
ized by having an annual production of less than 
20,000 units. Jina et al. (1997) states that in a 
facility maintaining HMLV, the product com-
plexity is high and the products are often bespo-
ken. It is also common for these kinds of compa-
nies that all manufacturing take place in the same 
building.  
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According to Jina et al. (1997), organizations 
with HMLV production encounter more turbu-
lence than those organizations with high-volume 
and low-variety. The authors have identified four 
types of turbulences; schedule changes, variation 
in product mix, volume changes and frequent 
product changes. Jina, Bhattacharya and Walton 
mean that these four types of disturbances have a 
greater impact on HMLV production than on a 
high-volume, low-variety production unit.  

Irani (2011) also report problems with HMLV 
companies. He means that one reason why it may 
be difficult to use Lean tools in a HMLV organi-
zation is that these companies have to deal with a 
variety of components. Irani discuss in his article 
the most common differences between HMLV 
compared to high-volume and low-variety; 

! Complex material flow 
! Equipment grouped by function 
! Variable setup times and cycle times between 

operations 
! Complex production control and scheduling  
! Less influence on delivery schedules 

Irani (2011) states that Lean was designed for 
high-volume and low-variety manufacturer. Alt-
hough, he claims that there are Lean tools that 
will suit for a HMLV production, by saying that 
some Lean tools are essential in any business. 
Irani lists which Lean tools that will work in any 
HMLV company and which tools that are consid-
ered as less workable in HMLV companies 
(Table 1). He suggests that tools that do not fit in 
most HMLV productions should be replaced by 
more appropriate methods that could handle a 
more complex production unit.  
Table 1. Lean tools in a HMLV company 

Tools that will work in any 
HMLV manufacturing plant 
Employee involvement 
Visual management 
Strategic planning 
Standard work 
Jidoka 
5S 

 

 

 

 

Tools that may not work in 
most HMLV manufacturing 
plants 
FIFO sequencing at work centers 
Takt time/level loading (heijunka) 
Value Stream Mapping 
Assembly line balancing 
Product-specific Kanban 
One-piece flow cells 

It can be concluded that Lean tools and methods 
encounter problems and may not always fit 
HMLV organizations. The high variation of 
products can cause problems in the production, 
such as issues with the material flow and the 
standardized work. However, these tools and 
methods can be used if they are modified and 
carefully judged to meet the companies’ special 
circumstances (Horbal, Kagan, & Koch, 2008; 
Jina, Bhattacharya, & Walton, 1997).  

3.5. Work In Progress 
According to the lean philosophy, it is important 
to try to minimize the work in progress to main-
tain an efficient production. Work that has been 
started on but not finished is called Work In Pro-
gress, WIP (Newbold, 1998). Curry and Feldman 
(2009) states that it is common that companies 
hold a large amount of WIP and the disad-
vantages are several. One major weakness with 
high WIP is the lack of quickly being able to 
respond to demand changes (Curry & Feldman, 
2009). Two other weaknesses are that the time 
between entering the system to leave is longer 
when more WIP exists in a system and that a 
negative impact can emerge on both quality and 
time-to-market when the WIP amount is high 
(Newbold, 1998).  

The WIP level is one of the most important per-
formance criteria in industries with a complex 
production process (Stadtler & Kilger, 2008). 
Ziengs, Riezebos & Germs (2011) state that a 
more reliable and shorter TPT can be achieved if 
a WIP limit is implemented. Goldratt and Fox 
(1986), (cited in Stadtler & Kilger, 2008), states 
that a low WIP level have positive effects in 
many ways related to processes and performance; 

! Equipment grouped by function 
! Increased on time delivery and reduced pro-

duction lead time  
! The quality of products will be improved  
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! Speed up time-to-market of new products  
! Improved forecast precision  

WIP limited processes are frequently used to 
control inventory within production, and the 
overall concept is to release a part when another 
has left the system (Curry & Feldman, 2009). A 
WIP limited process is often associated with a 
pull system, which has positive impact on the 
TPT (Ziengs, Riezebos, & Germs, 2011). 

CONWIP (Constant work in process) is a pull-
based production system and can be used in a 
wide variety of production environments. Every 
order that is released for production gets a 
CONWIP-card that follow the product through 
every process. When the product begins the final 
process, the card is sent back to the start. A new 
order can only be initiated when there is an avail-
able CONWIP-card. If there is no free card, the 
order is placed in the backlog until there is a free 
card available (Spearman, Woodruff & Hopp, 
1990). The CONWIP system is controlled by a 
determined WIP-level (Spearman, Woodruff & 
Hopp, 1990). Lödding (2013) uses Little´s Law to 
determine the initial WIP-level, with throughput 
time and output rate.  

3.6. Push and pull system 
A facility often uses either a push or pull system 
in their production. Permobil was at the start of 
the thesis using a pull system in the production 
line and a push system in the rest of the PPFT 
departments. The difference between these two 
systems is, according to Jonsson and Mattson 
(2011), the difference between material control 
based on need or planning. A push system is pro-
ducing even if there is no demand and is usually 
based on forecasts (Dennis, 2002). A push system 
indicates that the information flow and the mate-
rial flow are in the same direction (Figure 9).  

 
Figure 9. Push system (Bonney et al., 1999; Jonsson & 

Mattson, 2011) 

 

 

A pull system indicates that a station does not 
produce a product or service unless the station 
downstream ask for it (Dennis, 2002). Dennis 
states that this usually means that the customer 
makes an order and the production produce there-
by. The actual customer demand drags the prod-
uct out of the system (Dennis, 2002; Geraghty & 
Heavey, 2005). A pull system indicates that the 
control information and the material flow is op-
posite to each other (Figure 10). 

 
Figure 10. Pull system (Bonney et al., 1999; Dennis, 2002; 

Jonsson & Mattson, 2011) 

Liker (2004b) states that Lean Production advo-
cates a one-piece flow with a zero-inventory sys-
tem were material occur only when it is needed 
by the costumer. One of the Toyota Production 
Systems 14 principles indicates the use of pull 
system in order to avoid overproduction (Liker, 
2004b). However, Liker states that the Toyota 
Way is not only in use of a pull system. “There 
are many examples of push scheduling through-
out Toyota” (Liker, 2004b, p.110). Bonney et al. 
(1999) states that a push system could perform at 
least as well as pull system. This is provided that 
the batch size would not grow and that overload-
ed resources are not allowed in the system. 
Geraghty and Heavey (2005) states, however, that 
push systems tend to result in excess WIP inven-
tory and that a pull system minimizes it. A low 
number of WIP reveals flaws in a system, but a 
pull system could increase the risk of failure to 
satisfy demands (Geraghty & Heavey, 2005). An 
implementation of a pull system could also de-
crease the level of inventories if the system in-
cludes high-mix products (Horbal, Kagan and 
Koch, 2008). 

Jonsson and Mattson (2011) mean that it is not 
the control of material that states if the facility is 
in use of a push or a pull system. It is the applica-
tion of the control that determines if the material 
flow is pulling or pushing. Jonsson and Mattson 
(2011) states that many material control systems 
use both push and pull. Liker (2004b) points out 
that the philosophy and that it has to be imple-
mented adapted to the situation, not straight off 
from the tools it advocates.  
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4. Method 
This chapter contains a description of the work throughout this thesis. The Method chapter describes 
the process used in the project and all the methods that are used in order to reach the goal for this 
project. The methods used in this thesis are in this section presented in a chronological order. 

4.1. Process 
This thesis was performed according to a process 
called project circle, described by Karlsson, 
Osvalder, Rose, Eklund and Odenrick (2011). 
Karlsson et al. state that a developing process 
should be divided into smaller parts in order to 
clarify the work from a problem to a solution. 
The circle used in this thesis is explained in Fig-
ure 11. An iterative work process was obtained 
during the project. This meant that the work was 
divided into phases that were worked through in a 
cyclic process (Ranhagen, 1995).  

The first phase, Plan to change, involved planning 
of the project. The second phase, Map current 
state, was to identify and analyze the present and 
future. This step also involved a development on 
a theoretical framework. The third phase was to 
develop a requirement specification for future 
work. Phase four, solution proposal, was to de-
velop solution concepts based on the requirement 
specification. This phase involved ideation work 
by using creative methods to create a good idea 
generation to develop multiple solution ideas. 
These ideas were then evaluated in phase five, 
evaluate and select. In this phase the selection of 
the ideas to recommend to Permobil was done. 
The last phase, develop final proposal, was to 
detail work the solution selected from phase five. 
A critical thinking was obtained during the whole 
thesis in order to make sure that the right needs 
were lifted. 

 
Figure 11. Project circle (Prevent, 1995 cited in Karlsson et 

al., 2011). 
 

During the project, the communication with the 
supervisor at Luleå University of Technology was 
occurred continuously through email. Every other 
week, a Skype meeting was arranged in order to 
discuss the work that had been done. If necessary, 
more meetings were disposed. Communication 
with the personnel at Permobil Timrå occurred on 
a daily basis. Meetings every Thursday were ar-
ranged with the supervisor at Permobil Timrå. 
The project was essentially stationed at the facili-
ty in Timrå.  

4.2. Project planning  
To plan the project, the disposable time where 
divided into the different phases of the project 
process including report writing and opposition of 
another report. The two last phases Karlsson et al. 
(2011) describes is not used. The cirle used in this 
thesis is explained in (Figure 11). 

Each phase was given expecting time duration to 
get an overall view of the process needed to carry 
out the project. The time- and resource plan was 
used as a basis while mapping the methods neces-
sary to achieve the objectives and aims set for this 
thesis. This planning was summarized in a Gantt 
schedule, where each phase, important dates and 
the disposable time were distributed. The Gantt 
schedule can be viewed in Appendix 1. 

The important dates marked orange were unoffi-
cial deadlines for us and the yellow marked are 
the official deadlines set by the university. Espe-
cially important dates was the submission of the 
project plan on January 28 and the Master thesis 
on June 2. In addition to this, the opposition was 
made on March 18 and June 2. Final presentation 
was performed on June 2. To identify critical 
moments/factors during the project, a risk analy-
sis, has been developed, see Appendix 2.  

4.3. Literature review 
A literature review was performed with the pur-
pose to build a foundation for us to stand upon 
while performing this thesis. The result was to be 
presented in a theoretical framework. This was 
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done in order to collect relevant information re-
garding areas connected to the objectives and 
aims for this thesis. The primary research was 
gathered from peer reviewed articles found by 
using the search engines Primo and Google 
Scholar. Primo was provided through the library 
at Mid Sweden University in Sundsvall and 
Google Scholar was used through Luleå Universi-
ty of Technology. Beside from these search en-
gines, the library at the Mid Sweden University 
was used in order to find relevant books to be 
used in the framework. 

The main part of the collected literature was from 
the year of 2000 to present in order to gather re-
cent research suitable for this thesis. A few ex-
ceptions were done while gathering original 
source of established theories, such as the concept 
of Lean Production. The main keywords used in 
the search where; Production development, Lean 
Production, Criticism of Lean, Organizational 
Change, Implementing Lean, High-Mix and Low-
volume. The main areas that were examined in 
order to establish the theoretical basis were as 
follow: 

! Basic theory and research about production 
development  

! Lean Production 
! What is the history of Lean? 
! What does the philosophy stand for?  
! What is the criticism of Lean? 

! Implementing Lean production as an organiza-
tional concept 
! How are the employees affected by an or-

ganizational change? 
! How can a company who produces high-

mix and low-volume products adopt Lean? 

4.4. Mapping current state  
This section aims to create an overall image of 
the production situation. The production chain 
where observed in order to describe the current 
state at the facility, especially how the production 
system works. This was done by a comprehensive 
collection of data and by illustrate of how the 
material and information flow runs through the 
departments in the system. The flow was drawn 
on a basis of the layout of the facility to get a 
picture similar to the reality.  

The main data collection was carried out through 
observations and interviews. Besides this, docu-
ments provided by Permobil were used to deter-

ment the current state in the production unit in 
Timrå. Employees of the company who in some 
way were connected to the relevant issue gave 
these documents. The determination of the cur-
rent state was completed with an analysis ex-
plained in chapter 4.5 Analysis of current state, in 
order to give a deeper understanding of the pre-
sent situation.  

Participant observations 
What? Observations are a method, which enables 
to reach an understanding on how people react in 
their natural work environment (Osvalder, Rose 
& Karlsson, 2011). Osvalder et al. states that the 
method is used to find what people actually do, 
not just what they say. Observations can be per-
formed direct or indirect (Osvalder et al., 2011). 
In this project, direct observations were used. 
Direct observations are known by participant 
observations and means that the observer is in-
cluded in the situation to be analyzed. The meth-
od that was adapted was unsystematic which 
means that everything in interest was noted, there 
was not a particular issue at interest by the obser-
vation (Osvalder et al., 2011). 

Why? In this thesis, this method was considered 
as suitable to get a throughout understanding on 
the situation at the facility. Through this method, 
a closer analysis was maintained. A better under-
standing of the employees’ situation and how he 
or she was experiencing the surroundings was 
also given by this method.  

How? The first two weeks of this project, we 
performed a participation observation in PPFT 
different departments. In the observations we 
followed next to an employee at a particular pro-
duction area, to observe on how they work, listen 
and asking questions on how their work is a part 
of the production chain. We also got the chance 
to try to work at the different areas. Everything 
from assembly chassis and attaching cables to 
inspect and test-drive a finished chair. Notes were 
documented at the end of each day in a logbook 
to maintain the information gathered from the 
observations.  

Unstructured Interviews 
What? An interview is a common method used 
for collecting information on people’s opinion 
about a situation (Osvalder et al., 2011). An in-
terview results in subjective data and can be per-
formed as structured, semi-structured or unstruc-
tured. In unstructured interviews open questions 
for the interviewee to discuss around is central 
(Osvalder et al., 2011). In this way, interviewee 
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can talk about whatever they prefer in the subject. 
Osvalder et al. state that unstructured interviews 
are a good method to be used in explorative stud-
ies.  

Why? To analyze the current situation an open 
mind was important to maintain in order to re-
ceive the whole picture. Unstructured interviews 
made it possible to understand what aspect the 
employees felt were most important. This was 
why this method was considered as a qualified 
method to be used in the study.  

How? Initially when the observations were made, 
questions were asked to the employees about 
were and what element they thought was most 
problematic. The main questions were; what are 
your work tasks and what moment is the most 
problematic in your work area? Through this 
question a discussion, similar to a conversation, 
followed to make it possible for the employees to 
explain how they felt about the subject. 30 em-
ployees within the production unit were inter-
viewed to get an overall understanding of the 
current state. As many perspectives as possible 
was considered.  

The result from the interviews was documented 
afterwards in a logbook that we written at the end 
of each day. The logbook was then worked 
through to see pattern, similarities or differences 
from the result of the interviews. The result from 
the interview question about the work tasks was 
used to describe the current state in PPFT. The 
result from the interview question about the per-
ceived work-related problems, was used further in 
the Deviation analysis, see section Deviation 
Analysis under chapter 4.5. Analysis of current 
state, in order to identify obstacles and problems 
in PPFT.  

4.5. Analysis of current state 
The purpose of this section was to analyze the 
current state in order to describe the problems and 
obstacles in PPFT that need to be solved. The 
findings from the analysis were based on observa-
tions, interviews and data collection performed in 
the current state and the analysis methods Devia-
tion Analysis and Value Stream Mapping. The 
goal was to critically evaluate the current state 
and collect obstacles based on the theoretical 
framework. The findings were mainly based on 
wastes according to Lean thinking and problem 
find when trying to implement Lean as an organi-
zational concept, which is established in chapter 
3. Theoretical framework. The analysis was ful-

filled by a workshop with both a group of offi-
cials and a group of employees working in the 
Custom station. This was done in order to com-
plement and strengthen the analysis, and to main-
tain an iterative work process. See section Work-
shop in chapter 4.6 Concept development. 

The identified obstacles in PPFT were then eval-
uated in a Risk Matrix in order to determine 
which area and problems to focus on in the phase 
concept development. After the evaluation, a 
requirement specification was performed to set a 
basis for future solution development.  

Deviation Analysis 
What? A Deviation Analysis is a method used to 
identify deviations that may cause problem or 
hazards in a system and the activities within it 
(Harms-Ringdahl, 2013). Harms-Ringdahl states, 
“A deviation is an event or a state that diverges 
from the correct, planned or usual function.” (p. 
118). A system to be analyzed is seen as a combi-
nation of technical, human and organizational 
factors. A Deviation Analysis is a simple and 
systematic method for generating system im-
provement. The goal is to eliminate the possibil-
ity for deviation to arise, reduce the probability 
for it to arise, reduce the consequence if it does 
arise and to enhance readiness (Harms-Ringdahl, 
2013). The data collected to this analysis was 
based on observations, interviews and the docu-
ment research, provided from Permobil.  

Why? Deviation Analysis is a method that can be 
applied into different types of problems, and in 
various situations and systems (Harms-Ringdahl, 
2013). In this thesis, Deviation Analysis was used 
in order to quickly amass factors that can cause 
damage to the production system. Based on the 
purpose of the project, this method was suitable. 
It is a simple method that gives a thorough under-
standing of the current situation systems (Harms-
Ringdahl, 2013). The Deviation Analysis made it 
possible to quickly receive various deviations of 
the whole production chain. The method gave an 
overview of the problem in the system, im-
portantly from the employees’ point of view. It 
was a good beginning for the work of identifying 
obstacles within PPFT. 

How? The main steps in a Deviation Analysis are 
seen in Figure 12. Before the analysis begun, 
planning and preparations had to be done. This 
phase meant determining the aim, focus and 
depth of the analysis (Harms-Ringdahl, 2013). In 
this thesis, the aim was set to find obstacles in 
PPFT in order to give an estimation of where they 
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can occur. The focus of this analysis was on find-
ing deviations connected to the production chain 
and the activities within it. The depth of the anal-
ysis was to have a rough overview in order to 
quickly identify problems of the system. 

 
Figure 12. Steps of a Deviation Analysis (Harms-Ringdahl, 

2013) 
The first step was to structure the system in order 
to make the system analyzable. In this step the 
current state of PPFT were defined and translated 
into a flow chart in order for us to get an overall 
picture of the production chain. We translated the 
system into main blocks (Figure 13) that were 
supposed to serve as the basis for the analysis. 

 
Figure 13. Main blocks of the production chain 

The next step where to identify deviations in the 
PPFT based on the main blocks. The identifica-
tion was mainly based on the participant observa-
tions, interviews and a review of relevant docu-
ments from Permobil, performed to map the cur-
rent state. These are explained above in this chap-
ter, 4.4 Mapping current state. Expect from this a 
survey was conducted to pass out to the different 
departments in PPFT; Line start, Preassembly, 
Line, Custom, Control and Packaging. The survey 
can be seen in Appendix 3 and the aim was to 
find essential deviations in all parts of PPFT. The 
survey was given to the team leaders of the dif-
ferent departments, which discussed the survey 
questions with the other employees. The result 
from the survey was worked through in order to 
see pattern, similarities or differences of the an-
swers from the different departments. The result 
was used in order to identify deviations. In order 
to classify the identified deviations in human, 
technology or organizational system, a checklist 
according to Harms-Ringdahl (2013), was con-
ducted (Appendix 4). This checklist was used in 
order to support the identification of deviations.  

The third step was to evaluate the importance of 
the identified deviations in order to determine 
whether improvements were needed. In this case 
the consequences of all the deviations where clas-

sified according to Table 2. After classifying the 
deviations, they were weighted by a scale 1 to 2. 
A scale of 1 means that the deviations have a low 
risk for hazards and a scale of 2 means that the 
deviation has a high risk for hazards (Table 2 in 
Appendix 5).  
Table 2. Classification of deviations 

Type Explanation  
E Factors affecting the employees 
O Factors affecting the organization 
P Factors affecting the production flow 
S Safety hazards 

According to Harms-Ringdahl (2013), the follow-
ing step was to propose safety measures. In this 
case, this step was displaced to future methods in 
order to handle the outcome with the result from 
the rest of the analysis. In this thesis, this step 
was performed in the phase concept development 
explained further in this chapter, se 4.6 Concept 
development. Finally, the analysis was concluded 
by a summery in a table presented in Appendix 6. 
The table contains the identified deviations, its 
character and the weighted consequence if the 
deviation were supposed to happen.  

Value Stream Mapping 
What? Value Stream Mapping, VSM, is a Lean 
tool used to add value and improve a manufactur-
ing system (Rother & Shook, 1998/2004). The 
method helps to identify the current state and 
shows where improvement opportunities are in 
the process. Rother and Shook explains a value 
stream as all the activities, value-added or not, 
that are necessary to produce a product. A VSM 
involves the material and information flow in the 
whole facility (Figure 14), from the supplier to 
the customer (Rother & Shook, 1998/2004). The 
goal of this method is to map the way of a prod-
uct or a product family, from raw material to 
deliver to the customer.  

 
Figure 14. Material and information flow (Rother & Shook, 

1998/2004) 
Why? A VSM was performed in this project in 
order to analyze the situation at Permobil’s facili-
ty located in Timrå. A VSM makes it possible to 
identify the cause of waste and makes the founda-
tion for an improvement process (Rother & 
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Shook, 1998/2004). Rother and Shook states that 
the goal of the method is to create a flow accord-
ing to Lean philosophy. Irani (2011) mean that 
Lean was designed for a production with high-
volume and low-variety. Permobil in Timrå is 
classified as a HMLV company and has a produc-
tion with a large amount of different products. 
According to Irani (2011) is the VSM tool not 
always suitable for a production with high prod-
uct mix, and may not work in a HMLV produc-
tion. However, the VSM tool was seen as a suita-
ble method to use in this case because of its high-
ly helpful way of identify where improvements 
are in the process (Rother & Shook, 1998/2004). 
Although, a modification was needed when 
adapting the VSM method into PPFT (Horbal, 
Kagan, & Koch, 2008; Jina, Bhattacharya, & 
Walton, 1997). The modification was done by 
dividing the VSM into four different maps, by 
doing this could the risk of getting a too compli-
cated map be avoided. 

Comparatively with the goal of this thesis, it is 
highly appropriate to use such a tool. The VSM 
made it possible to see where obstacles may oc-
cur and therefore where improvements are neces-
sary. The method contributed to a foundation to 
future solution proposal process. 

How? The implementation of the VSM in this 
thesis agrees with the methodology presented by 
Rother and Shook (1998/2004). The process of a 
Value Stream Map is according to Figure 15. In 
this case, the aim of this analysis was to do one 
general map over the whole product range, door 
to door in the facility. This general map worked 
as an overall view over all the products produced 
in the production unit in Timrå. Furthermore, the 
specific departments were given a more detailed 
VSM, such as Preassembly, Line and Custom. 
This was done to get a deeper analysis on the 
production chain’s different areas.  

 
Figure 15. VSM steps (Rother and Shook 1998/2004) 

 

Product family. The initial stage of the method 
was to select a product family (Rother & Shook, 
1998/2004). For this analysis, all the products 
were considered. This was to get a result as close 
to the reality as possible.  

Current state. The current state of the facility was 
analyzed and mapped using standardized symbols 
representing different processes and flow (see 
Appendix 7). Initially the maps were drawn by 
hand but to avoid this in the final stage, the pro-
gram Visio was used. Visio is a software from 
Microsoft (2016), used to create diagrams and 
includes a function that creates a Value Stream 
Map. The initial stage of mapping the current 
state was to get an overview of the main process 
in the facility. Then, when the throughout flow 
was established the analysis began to go into 
detail. Information to the analysis was overall 
gathered from observations performed in the pro-
duction in the beginning of this project. Process 
data was collected through measurement and 
calculation of time associated in the production 
chain. This map made it possible to identify prob-
lems and obstacles in the production chain.  

Future state and plan of action. A VSM usually 
ends with mapping a future state and a develop-
ment of a plan of action. In this case, only the 
first steps were worked through in order to under-
stand the current situation at Permobil Timrå. The 
result was to be used in order to determine prob-
lems and obstacles in PPFT.  

Risk Matrix 
What? To do an evaluation of the obstacles iden-
tified in PPFT, a Risk Matrix was performed. A 
Risk Matrix is a semi-quantitative method used to 
categorize the probability and consequence of a 
problem (Harms-Ringdahl, 2013).  

Why? In order to determine which obstacles that 
is in need of future improvements, an evaluation 
had to be done (Harms-Ringdahl, 2013). In this 
thesis, an evaluation of the identified problems in 
PPFT was crucial to estimate which area the con-
cept development phase should focus on. A Risk 
Matrix was considered a suitable method due to 
its basic aim to provide a basis for the decision 
whether the analyzed system is acceptable or not. 
Therefore, the result of this method was used to 
determine what to include in the work of develop-
ing a solution concept to present to Permobil 
Timrå. 
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How? The Risk Matrix used in this thesis was 
based on the method digest by Harms-Ringdahl 
(2013), its process is illustrated in Figure 16. The 
procedure was divided into two main parts. The 
preparation stage that includes the definitions and 
decision used as basis for the method and the 
application stage concerning the estimates and 
evaluations for each obstacle in PPFT. 

 
Figure 16. Risk Matrix procedure (Harms-Ringdahl, 2013). 

The first step was to define the scope and aim. In 
this thesis, we focused to estimate the obstacles 
identified in PPFT through a production and em-
ployee perspective. The second step was to de-
termine the scale of the consequence and proba-
bility of the different obstacles. Harms-Ringdahl 
(2013) states that a Risk Matrix usually is de-
scribed as a table with rows of consequences and 
columns of frequencies, where each cell is asso-
ciated with a level of risk (Table 3). 
Table 3. Risk Matrix (Harms-Ringdahl, 2013) 

Risk Matrix Consequence 
Minor Medium Large 

Pr
ob

ab
ilit

y Frequent Medium High High 
Probable Medium Medium High 
Remote Low Medium Medium 
Unlikely Low Low Medium 

 

In this thesis, the consequences were regarding 
problems with the production, problem causing 
obstacles in the production flow, throughput or 
cycle time. The scale of consequences was set as 
follow; minor, medium and large (Table 3). To 
determine the probability scale, the occurrence of 
an obstacle was estimated. The probability scale 
in this evaluation was set as follow; unlikely, 

remote, probable and frequent (Table 3). The last 
step of the preparation stage was to define the 
rules for acceptability to be able to place the dif-
ferent obstacles in PPFT in the right cell, to get 
the right value of risk. 

The following phase was the application stage. 
The first step was to estimate the input obstacles 
to the scale of consequence and probability. Ob-
stacles with a minor consequence have a low risk 
while an obstacle with a large consequence is 
estimate to have a high risk to a negative effect 
on PPFT and the employees within it. An obstacle 
with a consequence set as medium was determent 
to have a medium risk to PPFT and the employ-
ees, dependent on how often it occurs. The esti-
mation on the probability was done through edu-
cated guess and by reviewing data collected while 
mapping the current state. The assumptions made 
in this step were written down in a logbook to 
make it possible to recall how the decision-
making was done. The last step of the method 
was to transfer the estimated scale-values into the 
Risk Matrix. In this thesis, a unique number rep-
resents each obstacle was plotted in the cell relat-
ed to the estimated values in the consequence and 
probability scales (Table 1 in Appendix 5). This 
gave a quick overview of the evaluated obstacles 
in PPFT. 

Requirements specification 
What? A requirement specification is the starting 
point for creative, evaluate and decide about solu-
tion proposal of a system like PPFT (Bellgran & 
Säfsten, 2010). Bellgran and Säfsten states that a 
requirement specification aims to determine the 
capabilities a production system should have in a 
more concrete presentation than the projects ob-
jective and aim. 

Why? In this thesis, a requirement specification 
was performed in order to create a basis for future 
concept development phase. The result was a list 
of requirements that summaries the aim for PPFT 
and the goals of this thesis.  

How? The requirement specification was per-
formed on the area in PPFT that was aimed to be 
the focus of the concept development phase, the 
Custom station. The requirement specification 
was based on the current state analysis and was 
divided into three different main headlines that 
were concerned as the most important areas. This 
was to get a quickly overview over the require-
ments relevant to this station. These headlines 
were; organizational requirements, requirements 
within PPFT and work environment require-
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ments. The organizational requirements are ad-
dressed to the requirements of other departments 
than the Custom station, as well as the customers’ 
requirements, to guarantee that future solutions 
contribute to customer value. The requirements 
within PPFT addresses to the requirements affect-
ing the Custom station directly. Requirements for 
work environment has been created to ensure that 
future solutions, takes these parts into account as 
well. All requirements must be within the Lean 
Production philosophy and must also fit within a 
HMLV production. 

When the requirement specification was devel-
oped, the specific requirements was listed and 
evaluated against each other. This was done in 
order to get the right priority order between the 
requirements. The evaluation was performed by 
giving each requirement a value between 0 and 2. 
A requirement was assign with a value of 2 if it 
was concerned as more important that another 
requirement, a value of 1 if the requirement was 
seen as equally important and a value of 0 if the 
requirement was concerned as less important than 
another requirement. By the requirements total 
score, a percentage was developed to use in future 
evaluation of solution concepts. The evaluation 
resulted in a matrix according to Table 2 Appen-
dix 5. 

4.6. Concept development 
The phase of developing a solution concept con-
sidered of creative methods such as brainstorming 
and workshops. These methods were used in or-
der to generate ideas that would help solve the 
main problems and obstacles identified in PPFT.  

Brainstorming 
What? Brainstorming is a useful method to gen-
erate ideas (Osvalder, et al., 2011). Osvalder 
states that the purpose of brainstorming is to gen-
erate as many ideas as possible. The guideline is 
to have a divergent thinking, a freethinking with-
out strict frames were wrong ideas do not exist 
(Osvalder, et al., 2011). 

Why? A creative, positive and a tolerant envi-
ronment stimulate the idea generation (Osvalder, 
et al., 2011). In this thesis, a brainstorming was 
performed in order to develop as many ideas as 
possible to an idea bank to further develop with 
the requirement specification set as basis. This 
was considered as a good introduction to the crea-
tive process of the concept development. The aim 
was, to use the result from the brainstorm in the 

workshops performed with Permobil Timrå, see 
next section.  

How? The brainstorm was a 30 minutes’ discus-
sion with the two of us. The discussion was about 
how to solve the identified problems in PPFT. All 
ideas were noted and further development of each 
other’s ideas was encouraged. The brainstorming 
resulted in solution ideas in an early state.  

Workshop 
What? Studies that involve users to be active 
along the whole or parts of a change management 
are referred as participant methods (Osvalder et 
al., 2011). A workshop is a method that invites 
several users to share different perspectives and 
to discuss specific areas of interest (Eriksson, 
2009). A workshop contributes to a more partici-
pant approach. The level of participation can be 
in different forms, Osvalder et al. (2011) prefer 
the use of a high level of participation. This high 
level means that the users have the possibility to 
make decisions and that they are able to have 
control (Karlsson, Osvalder, Rose, Eklund & 
Odenrick, 2011). Karlsson et al. (2011) means 
that a high level of participant is one of the most 
important factors that affect a change manage-
ment.  

Why? The use of a method with high participant 
among the users, it is good to keep a great reality 
connection in order to increase the reliability of 
the result (Osvalder, 2011). In this case, this 
method was considered suitable due to the in-
volvement of the personnel at Permobil Timrå. 
The method provided opportunities to strengthen 
the work of this thesis by taking help from the 
people working on site, the people who are most 
familiar with the current situation at PPFT. The 
workshop was divided into two different aspects; 
workshop Bracelet and workshop Thinking Hats, 
se following section. The goal of the workshop 
Bracelet was to fill out the analysis. The goal of 
the workshop Thinking Hats was to be able to 
further develop the solution ideas that were the 
result from the brainstorming mentioned before. 
The workshop Thinking Hats as well as the brain-
storming, laid the ground for a list of 18 solution 
ideas (Appendix 8). 

How? In this thesis, a workshop was used with 
the purpose to involve the personnel of Permobil 
Timrå in the process of developing a solution 
concept. The idea was to perform two workshops 
with different aims. One workshop with the aim 
of establish what obstacles and problems in the 
Custom station to avoid and one workshop with 
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the aim of evaluate concrete solution ideas devel-
oped to solve the main problems in the depart-
ment of customization. These workshops were 
conducted in two groups, one group with five 
officials and one group with ten employees that 
work directly within the Custom station. During 
all workshops, notes were made in our logbooks 
in order to remember the outcome of the discus-
sions that came of this method. 

Workshop Bracelet 

In the first workshop, we initiated with an intro-
duction of a small case. The case was about a 
made up factory producing bracelets made of 
pearls. The case involved similar problems as in 
the Custom station in PPFT, such as uneven buff-
ers, uneven work task distributions and unclear 
work instructions. One possible disadvantage of 
this participant method is that the users could be 
stuck in old ways of thinking which limits the 
innovation (Osvalder et al., 2011). This case had 
the purpose to simulate the creative idea genera-
tion and to contribute to a new way of thinking. 
By dealing with the same problem as the reality 
but in a different approach, the personnel hope-
fully got a new perspective which broaden the 
scope of what solution that could be done.  

Three members from the groups were acting as 
two assemblers and one packager in the made up 
factory, in each workshop. The assembler’s task 
was to make bracelets of pearls and a thread ac-
cording to orders. The pearls were given in a 
bowl with five different colors and the orders 
from the customers were represented by pieces of 
paper showing the color order of the bracelet. The 
packagers’s task was to wrap the bracelet in a 
piece of paper for a safe transport. The rest of the 
group was production developer and got the task 
of observe and identify difficulties in the bracelet 
factory. We, Gustafsson and Vedin, were acting 
as order suppliers to the assemblers and were 
given the orders without any structure or fixed 
pace.  

The initial state of the bracelet production was 
introduced and was carried out by the group. 
Firstly, the group was facing a problematic pro-
duction flow and difficulties with a customiza-
tion. The main task for the group was to improve 
the initial state in best possible way. The group 
got 10 minutes to discuss improvements of the 
bracelet production to change the production to 
the better. After the discussion phase the group 
got the chance to explain and argue for their new 
and improved bracelet production. The improved 

production was carried through and then a discus-
sion was held to get a mutual opinion on which 
state that was the most desirable. To perform this 
case, pearls, threads, scissors, paper and tape was 
needed.  

After the bracelet case, the workshop changed 
focus to the Custom station in PPFT. The main 
problems were discussed and the group choosed 
the problems the group considered as most cru-
cial. The idea was by this stage to discuss possi-
ble solution to the main problems in the Custom 
station. The focus was on the actual discussion, 
not to come up with concrete solutions, this be-
cause the work was still in the process of generate 
ideas. The method ended with a brief summary of 
what had been raised in the workshop.  

Workshop Thinking Hats 

The second workshop that was performed had the 
purpose to let the group of both the officials and 
the employees in the Custom station evaluate 
some proposed solutions ideas developed in our 
brainstorming. The workshop started with a 
presentation of the obstacles identified in the 
Custom station. The group got the chance to 
comment the relevance of the listed obstacles. 
The workshop followed with a method called 
“Six Thinking Hats”. Six Thinking Hats is an 
easy method with the main goal of increases the 
participants’ creativity (The de Bono Group, 
n.d.). The de Bono Group states that the idea with 
this method is that the group separates thinking in 
different functions and roles, in the figurative 
form of different hats. Each hat has different col-
ors representing the different functions and was 
used one by one in the process of this workshop. 
The different hats used in this method are showed 
in Table 4. 
Table 4. Thinking Hats (The de Bono Group, n.d.) 
Hat Function 

 The White Hat represents the facts 

 The Yellow Hat symbolizes positivism  

 The Black Hat representing judgment 

 
The Red Hat signifies feeling, hunches and 
intuition 

 
The Green Hat focuses on creativity and 
new ideas 

 
The Blue Hat ensures the Six Thinking 
Hats guidelines are observed 
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By this method, the workshop group got to re-
spond to the different ideas though the yellow, 
black, red and green hats. The outcome was that 
the ideas proposed were to be commented first in 
a positive (yellow hat) and negative (black hat) 
way. Then the group got to comment how the 
ideas felt, if they were interested, amused or 
bored (red hat), and then if the ideas could be 
developed in some way (green hat). We, Gus-
tafsson and Vedin, were acting as group leader 
and were responsible of the white and blue hats. 
Our job was to introduce the solution ideas to the 
group and deliver the facts about them (white 
hat). We also structured the group so that they 
followed the different hat’s functions. The posi-
tive and negative aspects of each idea were doc-
umented. 

Concept evaluation 
What? The list of 18 solution ideas that was the 
result of the brainstorming and workshops, had to 
be evaluated. To do this a decision matrix was 
performed according to the Pugh method. A Pugh 
matrix is an easy tool used to evaluate various 
alternatives against a baseline (Decision Making 
Confidence, 2013). In this case, the baseline was 
the current situation in the Custom station. 

Why? This method was used in order to be able 
to choose a final solution proposal to recommend 
to Permobil Timrå. In order to evaluate each idea 
against the weighted requirements (see Require-
ment specification under chapter 4.5 Analysis of 
current state) the most suitable ideas were ap-
peared.  

How? Initially, the pros and cons of the ideas was 
determined and summarized in Appendix 9. To 
start with the evaluation the solution ideas was 
first assess on the surface in order to determine 
which problems that were identified in PPFT 
(Table 8) and which requirement in the require-
ment specification (Table 9) that was connected 
to the specific solution ideas. The result from this 
was a table that illustrates the different ideas, and 
the problems and requirement they treat (Table 1 
in Appendix 10).  

The Pugh method is based on the idea that an 
amount of alternatives is set against different 
criteria in order to determine which alternatives 
that is the best for a given situation (Decision 
Making Confidence, 2013). In this thesis the al-
ternatives that was to be evaluated was the list of 
18 solution ideas (Appendix 8). The criteria were 
the list of weighted requirements for the Custom 
station (Table 9). These factors were put into a 

matrix with the alternatives in column and the 
requirements in row. 

The next stage was to assess the solution ideas 
with respect to the requirements. The baseline, 
current state, was set to a value of zero. The solu-
tion ideas were then considered in relation to the 
requirements as worse than (value -1), the same 
as (value 0), or better than the current state. If the 
solution ideas were considered as better than the 
current state, the evaluation was made different 
depending on if the ideas would improve the situ-
ation in the long run (value 1) or directly (value 
2). To get the total score of the evaluation all the 
evaluated solution ideas were summarized and 
multiplied with the weight of each requirement 
(Table 2 in Appendix 5). The result was the basis 
to choose the final solution to recommend to 
Permobil Timrå.  

4.7. Final concept development 
The last phase of this thesis was to complete de-
tailed final solutions. This chapter aimed to de-
velop each selected solution. The solution that 
was chosen to the detailed work was a combina-
tion of solution proposal 4, 5, 10, 11, 13 and 15 
(Appendix 8). In this phase, the proposal was 
updated so the positive aspect was highlighted 
and clarified. This update was mainly based on 
the feedback received from the workshops with 
both the officials and the employees in the Cus-
tom station and was done in order to fulfill the 
requirement specification as much as possible.  

The different solution proposal was combined so 
they would work together as a final concept to 
recommend to Permobil Timrå. For each idea 
within the final concept, guidelines were devel-
oped in order to describe how Permobil should 
implement and work with the solution concept. 
These guidelines explained what the different 
ideas are, why they should be used and how they 
will work in practice.  

To improve the solution proposals, different cal-
culations were performed. In order to determine 
an optimal WIP-level, Little´s Law was used 
(Lödding, 2013), see equation (1). 

!"# =  !"! × !"#$%&
!"#$%#&$' !"#$  

The TPT is based on the chairs that go through 
the Custom station (Appendix 11). The demand is 
based on the future plan of an annual production 
by 2016 (Figure 6), turned into a daily demand. 
The available time is based on 85 % efficiency 

(1) 
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for the amount of station located before the Cus-
tom station, which is where the chairs leave the 
area of controlled WIP and a signal is send to the 
planning department to trigger an order start.  

To determine how many shorter jobs that could 
be moved, data from the past year was studied 
(Table 1 in Appendix 12). To show how much 
time saved by moving shorter jobs closer to the 
Line, time measurement was made to compare 
the different paths the employees have to 
transport the chairs (see Table 2 in Appendix 12). 
This was made by timing the transport first from 
the end of the Line to all three buffers (A1, A2 
and A3) in the Custom station and then further to 
the buffer before the Control. This time was then 
compared to the time it takes to transport the 
chairs from the end of the Line directly to the 
buffer before the Control. In order to show the 
contribution of reducing the order problems, an 
estimate of how much time that divides between 
the planned and the actual order hours was made 
based on historical order data provided by Per-
mobil Timrå. This can be seen in Table 3 in Ap-
pendix 12). To determine how many order that 
show the wrong time, data provided by the Cus-
tom station vas studied (Table 4 in Appendix 12). 
To estimate how much time that could be spared 
by eliminate the order problems, time measure-
ments was performed on how long it takes for the 
employees in the Custom station to go to the or-
der department to discuss the order information 
(Table 5 in Appendix 12). 

In the development of the final solution concept, 
different detailed aspects were clarified. The cur-
rent support system for logging times in the Cus-
tom station was examined in order to determine if 
it is a good enough system to use and if it in-
volves all features desired. To promote the use of 
this system, an approach was prepared for Per-
mobil to implement this idea with the focus on 
the perspectives of the employees. Another aspect 
that was clarified in this detailed development of 
the final concept was to see if it was possible to 
connect a signal between the Custom station and 
the order department, and a CONWIP-signal be-
tween the Custom station and the order planner.  

To make it easier to understand the different as-
pect in the final solution different illustrations 
were made. To understand how a sales document 
could look like, a tree structured image of a cus-
tomization was developed. Another illustration 
made to ease the understanding, was involving 
the use of the signal that triggers a release of or-
ders by the order planner.  

To verify the final concept a potential change in 
TPT was calculated. This was done in order to 
visualize the improvements followed by the final 
solution concept, compared with today. The con-
cept was also analyzed in order to highlight other 
factors improved and what profits they would 
bring to PPFT. 



 

CURRENT STATE 26 

5. Current state 
To find obstacles in order to develop improvements, PPFT had to be mapped. A thorough understand-
ing of the current situation at Permobil Timrå was also necessary to be able to answer the research 
questions set to this thesis. This chapter describes the ingoing departments in the facility that affects 
the products way through PPFT.  

5.1. Production unit Timrå
The production at the facility in Timrå, PPFT, is 
divided into seven different departments; Line 
start, Preassembly, Line, Custom, Control, Pack-
aging and Inventory. The time available for each 
employee among the different areas in PPFT is 
409 min/day, which are 85 % efficiency.  

The inventory system for the whole PPFT is di-
vided into two inventories, a Production invento-
ry in a nearby building and Central warehouse 
located in PPFT. The Production inventory is 
supplying PPFT with material necessary to pro-
duce the wheelchairs. Employees stationed at the 
facility, receive material from the Production 
inventory four times a day. The material is being 
placed in shelves next to the stations in PPFT. In 
order to know when a refill of material is neces-
sary, PPFT uses Kanban boxes (see Figure 17). 
When a box is empty, it indicates a need of refill. 
The Production inventory also has the responsi-
bility of a fasteners stock placed nearby the pro-
duction line. The employees in the Line are re-
sponsible to replenish their own station supply of 
fasteners of material when necessary.  

 
Figure 17. Refill of Kanban boxes 

The Central warehouse’s main focus is to distrib-
ute spare parts to other Permobil units but it also 
provides the Custom station with necessary mate-
rials. The custom material is placed in boxes on a 
particular shelf, which in turn is placed on the 
chair before it arrives to Custom.  

PPFT uses an information system consisting of 
three different paper sheets, used when something 
in the production differs from the normal. These 
sheets follow the chair through the production 

flow. A blue sheet indicates that an item is miss-
ing from some of the inventories. If a chair gets a 
blue sheet, it will be taken out of the production 
chain until the missing item has been delivered. A 
red sheet is used when something is not possible 
to assemble, something is wrong or if some order 
information is missing. If the chair gets a red 
sheet, it will be places at the adjustment in the 
control station (see section Control). A pink sheet 
indicates when a supplier causes a defected mate-
rial or part. Two employees are responsible for 
twice a day gather the pink sheets and report the 
error to the supplier. The system with the pink 
sheet is called claim.  

Permobil Timrå also uses a flag system to transfer 
information in PPFT. This flag system consists of 
a purple flag that indicate that the order is priori-
ty. The flag is used to avoid, for example, long 
buffer queue. The chairs that are priorities often 
have clients who are in great need of the chair. If 
a chair of some reason has to be taken out of the 
line, it will be replaced with an orange flag.  

Permobil Lean System 
As mention earlier, Permobil is currently imple-
menting Lean Production. Permobil has formed 
their own version of the organizational concept, 
which they call Permobil Lean System, PLS 
(Carlsson, 2016). Permobil visualize their Lean 
system as a building, comprised through three 
building blocks, which represent the principles 
and the Permobil promise (Figure 18). Permobil 
are proud to say that PLS puts the customer in 
focus and they highlight some benefits with PLS; 

! Deliver high quality products in time to their 
customers 

! The employees are working in good conditions 
and is continually improving processes and 
products 

! Permobil is able to grow and will be profitable 
! Permobil will be a professional business part-

ner  
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Figure 18. House of Permobil Lean System (Carlsson, 2016) 

To be a long-term successful company, it is im-
portant for Permobil to continuously develop 
leaders and employees who live and acts by their 
values and principles (Carlsson, 2016). The prior-
ities are their guide when deviation from the 
standards occurs, and the priorities are safe-
ty/environment, quality, delivery and cost.  

Permobil runs their business development with a 
focus of flow efficiency (Carlsson, 2016). The 
focus on flow efficiency makes everyone in Per-
mobil depend on each other, which encourage 
cooperation. Therefore, to achieve high flow effi-
ciency, respect and cooperation is important 
(Carlsson, 2016). Permobil’s principles are a 
support in their way of thinking in the daily ap-
proach of conducting and developing the ways of 
working (Carlsson, 2016). These are described in 
Table 5. 
Table 5. Permobil´s principles 

Permobil Lean System 
Eliminate 
waste 

Essential to strengthen Permo-
bil´s competitiveness and to 
improve their work situation. 
Permobil talks about the eight 
wastes by Liker (2004b). 

Standardized 
work 

Used to detect deviations and to 
be able to identify and solve 
reoccurring problems 

Continuous 
improvements 
and problem 
solving 

Ensure that all employees are 
engaged and through this, devia-
tions are identified.  

Leveling Eliminate and reducing the vari-
ation to maintain an efficient 
production flow.  

Visualization Clarifying Permobil´s Lean 
principles and standards 

Just In Time The right articles are produced 
at the right time and in the right 
quantity 

One Piece 
Flow 

Permobil strives for a flow that 
is as continuous as possible 

Takt The takt is decided by the cus-
tomers demand and gives Per-
mobil a predictability and pre-
vent overproduction 

Pull When the customer indicates a 
need the work is started 

First-time 
quality 

Ensuring that everything is 
made right the first time and that 
the works stop directly if some-
thing goes wrong 

Poka-yoke Represent a solution that more 
or less makes it impossible to 
use incorrectly 

Andon Sends a signal for help, also 
used to help out on the line so 
that a discovered deviation not 
shall stop the flow 

Built in quality Permobil has responsibility for 
the quality on the completed 
work and that no deviations are 
received, added or passed along 
to the costumer 
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Line start
In this station the order of the wheelchair is being 
started. The orders are printed out and placed in 
binders that follow the individual chair through-
out PPFT. The binder describes everything to be 
mounted, how long each operation will take and 
in what order. The specific order number and the 
individual chassis number combines and are be-
ing scanned in the computer system to state that 
the chair has started the processes in PPFT.  

In Line start, the chassis (Figure 5) of the chair is 
prepared and placed on a roller table (Figure 19). 
The workstation has no takt time to relate to, but 
it is recommended to have four orders in the buff-
er before the Line. This is seen as a kind of pull 
system that means that if the buffer after Line 
start is full, they stop preparing orders. To pre-
pare one order takes about 8 minutes and this 
workstation operates by one employee.  

 
Figure 19. Chassis being placed on a roller table 

Preassembly 
This station preassembles parts for the chair 
(Figure 20). A preassembly could be to prepare a 
casing with lighting and label, mount support for 
knee, thigh and neck or program a tablet used to 
control the wheelchairs (Figure 5). 

 
Figure 20. Preassembly station 

This station is synchronized with the takt time in 
the Line. The Preassembly station does not follow 
the takt time directly but strives to be some orders 
ahead to prevent stop time in the Line. This could 
be seen as a type of pull system, which means 

that when the employees in the preassembly sta-
tion are in good phase they stop preassembly the 
orders. Preassembly gets the information of what 
to do from Line start and through Kanban boxes 
from the Line. It takes about 13 minutes to preas-
sembly one order. The station consist of seven 
workstations and four employees. 

Line 
The production line is divided into three parts, 
one R-line and two K-line. These parts of the line 
are divided based on number of stations, R01-04 
is the first four stations in the line, K01-05 repre-
sent the five stations located directly after R-line 
and K06-09 is the four last stations in the line. 
Throughout the line, the wheelchair is mounted 
on a clean chassis (Figure 5) to a completed chair 
(Figure 21). From placing the battery and mount 
the wheels to attach the seat, casing and supple-
ment (Figure 5) that the customer has ordered.  

 
Figure 21. Production line 

Besides these 13 workstations, the Line also in-
volves of two other stations, TOR and K100. 
TOR is positioned as the seventh station, and 
includes a control of the chair, by among other 
things check to see if the screws are tight and the 
cables are routed correctly. TOR is an internal 
control of the chair, used as a complement to the 
Control station. K100 is placed as the last station 
and involves bringing down the chair from the 
roller table and drive the chair either to the con-
trol station or the custom station depending on 
what it says in the order.  

The Line has a takt time of 16 minutes. The cycle 
time among the stations varies from each takt and 
could be around 5 to 18 minutes. As an infor-
mation system the production line uses a screen 
where the takt time and all the stations are dis-
played (Figure 22). The screen data shows the 
amount produced chairs the actual day, how 
much chairs Permobil Timrå plan to produce that 
day, the state of the production that day and how 
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much stop time the Line has this actual day. The 
circles in the screen represent each workstation. If 
the circles are gray, the employees are mounting 
the chair at that particular station. After the as-
sembly in the individual station is complete, the 
worker presses on a green button, which then are 
displayed at the takt screen as a green circle. If a 
workstation is overloaded or runs into some sort 
of problem, the employee at the station puts on 
the yellow button to get help from an Andon, 
which will be showed as a yellow circle. This 
system is used to avoid stop time in the Line.  

 
Figure 22. Takt time screen 

The line uses a pull system that means that if a 
problem cannot be solved within the takt time, the 
Line stops until the deviation is solved. The pro-
duction line consists of a total amount of 18 em-
ployees. 13 mounters in the line, one controller at 
TOR, one stationed at K100 and three employees 
works as Andon. The production line has a work 
approach that involves the workers to rotate be-
tween workstations.  

Custom 
Permobil’s overall aim is to provide all of their 
customers’ need. To be able to do so the company 
offers customized chairs based on the customers’ 
demand. This station will take care of the chairs 
that need to be customized, that are not managed 
to do on the Line. Approximately fifty percent of 
all chairs are custom made. The variation of the 
customization is large, it can be anything between 
mounting a bag on the back of the chair, adjust 
armrest or footrest (Figure 5) according to specif-
ic measurements or rebuilt the seat completely.  

The custom orders are being printed out and are 
added to the binders that follow the chair. Of the 
chairs being customized 63 percent takes 0-3 
hours (class 1), 29 percent takes 3-15 hours (class 
2), five percent takes 15-30 hours (class 3) and 
three percent takes more than 30 hours (class 4). 
The station uses a push system, which means that 
custom chairs keep coming to the station, regard-
less of the size of the buffers. 

The station consists of three teams with a total 
number of 14 employees, which three of them are 
team leaders. Team 1 and 2 consists of three me-
chanics and one electrician and team 3 consists of 
four mechanics and one electrician. All teams 
have access to a seamstress that do all the sewing 
work to the chars. All the mechanics in the differ-
ent team have one station each, where they have 
most necessary tools to adjust the chairs (Figure 
23).  

 
Figure 23. Custom station 

The employees also have access to a workshop in 
the facility and a paint shop in a nearby located 
building. Two of the employees in the Custom 
station have qualifications to work in the paint 
shop.  

Every day the team leaders have a meeting with 
the production planner and the supervisor of the 
Custom station. This meeting has the porpose to 
talk about how they are doing in the planning and 
of they need help from other teams.  

Control 
This station includes a control of the completed 
wheelchair (Figure 24). A control of one chair 
takes approximately 18 minutes. The workers 
checks so that all visible screws are tightened and 
that all accessories of the chair are provided. 
They control the chair in a test room, were they 
checks the chairs control device and that the 
brakes, lighting and sound works.  

There are three workstations for controlling the 
wheelchairs. At the control department, there also 
is one adjustment station to handle the chairs that 
does not pass the control or comes directly from 
the line with a defect assembly part. An adjust-
ment of a chair can take from 15 to 95 minutes. 
There are three workers that controls the chairs, 
one that handles the adjustments and one employ-
ee that works as an Andon, similar to the Andon 
at the Line explained in previous section.  
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Figure 24. Two control stations 

Packaging 
This station packages all chairs (Figure 25). It 
takes around 17 minutes to package one chair. 
About 115 chairs are packaged each week, as 
long as there is a continuous flow of chairs to be 
packaged. The employee scans the order into the 
computer system and prints a shipping label. This 
is where the processing of the order ends and the 
shipment of it is ordered. There is one pack table 
and the station uses three types of self-
constructed pallets. The chair is strapped to a 
pallet to secure the transport.  

 
Figure 25. Package of a wheelchair 

 

Pictures are being taken to be able to see in what 
state the chair left PPFT. A carton box is placed 
on the chair that is tightened with a machine. The 
package is weighted and moved out in a trailer 
positioned at the company. The trailer is being 
retrieved at the end of each day. This workstation 
consists of one worker. When the workload is 
high, an additional worker is added.  

5.2. Summary of data 
A summary of data relevant to each station can be 
seen in Appendix 13. The data in this table is 
presented in a triangular distribution with mini-
mum, average and maximum result. In the row 
connected to Custom are A1, A2 and A3 repre-
senting the three teams in this station. Class 1, 2, 
3 and 4 is customized chairs that takes 0-3 h, 4-15 
h, 16- 30 h and more than 30 h.  

The available time for each employee in all de-
partments in PPFT is 409 minutes per day. 409 
minutes is 6 hours and 49 minutes and represent 
85 % efficiency. The remaining time is distribut-
ed to breaks, meetings and PCI groups. The stop 
time in PPFT is calculated to 2 min each takt. 
This means an average of stop time of 46 min 
each day.  

In most parts in PPFT, a daily plan is applied. 
The exception is the Custom station where the 
plan is done by week. Material transports from 
the production inventory four times every day and 
around 23 chairs are being delivered to transport 
each day.  

In summary, the problems in PPFT are order is-
sues, HMVL issues, uneven buffer, communica-
tion issues, an unbalanced line and work envi-
ronment issues.   
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6. Analysis of current state 
This chapter includes a description of the result given by the analysis done on the current situation at 
Permobil Timrå. The analysis is based on observations and interviews done while mapping the current 
state, a Deviation Analysis, the four VSM’s and the workshop Bracelet. A critical thinking was main-
tained throughout this chapter and the analyze aim to identify obstacles within PPFT and to determine 
why these obstacles occur. This chapter continues with an evaluation of the identified obstacles in 
order to determine a relevant problem area to focus the concept development on. The chapter ends 
with a requirement specification for further solution development.  

6.1. Main issues in current state 
Based on our own observations, an extradited 
survey and interviews with the employees, num-
ber of issues has been identified, related to the 
current situation. In addition to our observations 
and interviews with the employees, five analyzes 
was conducted, one Deviation Analysis and four 
Value Stream Maps. To complement these analy-
sis methods, the result from the workshop Brace-
lets was also used in this section. 

Order issues 
While discussing about the main problems in the 
workshop Bracelet, it becomes clear that the em-
ployees working in the Custom station thinks that 
order difficulties is above all the biggest problem 
in their station, especially regarding the infor-
mation on the order binders. The employees state 
that at least once a day, they have to visit the 
people receiving and setting the orders to get 
clarifications on the order information. This could 
even in some cases involve basic problem such as 
on which side of the chair an article should be 
mounted. The personnel working in the Custom 
station state that they do not know the working 
tasks of the personnel receiving the orders, alt-
hough, they experience that the orders are being 
set in a hurry, which implies to unnecessary mis-
takes. They also claim that the people setting the 
orders have different ways of performing their 
work which in turn means that the orders can 
have different appearances and can in sometimes 
even be in different languages. The employees in 
the Custom station highlighted this issue in the 
workshop while the officials hardly mention this 
problem, even though they agreed that the staff in 
the Custom station should not have to continuous-
ly control the order information. This problem 
was showed in the bracelet factory case, as both 
the employees and the officials pointed out. In the 
bracelet factory the received orders were differ-
ently formed were the official expressed a desire 

of receiving the same order basis from the suppli-
er.  

Another issue that regards the order data is insuf-
ficient follow-up. Both the officials and the Cus-
tom personnel agree that this issue is relevant for 
the Custom station. In the workshop Bracelet, it 
appears that neither the information nor the order 
times is being updated continuously. The officials 
said that it is difficult to read out the information 
of many of the orders and that many of the prob-
lems are being hidden in the system due to the 
variety of customizations. The employees at the 
Custom station feels that no follow-up is being 
done today, even though they have a program 
support for logging the times of the chairs. They 
feel that even if they log the process time of the 
customized chairs, no one is using the data to 
improve the order data anyway. A common view 
among the Custom personnel is that if the ex-
cisting program was used, it could be implied to 
comprehensive improvements to their work. The 
problem with insufficient follow-up of the orders 
was also included in the Bracelet factory case, 
were the official thought that the variety was 
difficult and the Custom personnel thought that 
the orders should be organized, otherwise the 
more difficult orders could be left behind in the 
buffer. 

HMLV issues 
According to Jina et al. (1997), organizations 
with HMLV encounter more problems than those 
organizations with high-volume and low-variety. 
Issues with large mix of products in PPFT have 
been identified through observations, interviews 
and the survey, which are issues such as uneven 
work distributions, sequencing of chairs and long 
throughput time. 

It has emerged from interviews, the survey and 
the Deviation Analysis that there are unclear 
work descriptions in PPFT. These kinds of issues 
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appear throughout the production and happen 
relatively often. Unclear work descriptions lead to 
an unbalanced production flow due to rework, 
unnecessary transportation or waiting, which all 
is described by Liker (2004b) as wastes.  

It has also been identified through interviews and 
observations that it is problem with the planning 
system in PPFT, mainly because the Custom sta-
tion has weekly planning while the rest of PPFT 
has daily planning. Sequencing difficulties is 
another issue identified in PPFT. In the workshop 
Bracelet, the officials highlight the importance of 
knowing what chairs they are supposed to plan 
and why. In the same workshop, but with the 
employees in the Custom station, it becomes clear 
that sometimes, chairs that actually should be 
made the following week arrives to the station, 
which is a source of irritation for the employees.  

Another issue due to a HMLV production is long 
throughput time, TPT, and a high WIP-level. At 
the workshop Bracelet, the officials state that it is 
important to have a general picture over PPFT in 
order to improve the TPT. The general VSM 
(Appendix 11) was divided into three possible 
ways a chair can go through in PPFT (see Table 
6). General describes the chair’s path without 
passing through either the Custom or the Adjust-
ment stations. The total throughput time TPT for 
this time line was 428 minutes, which are 1.05 
working days. The WIP was based on the as-
sumption that 50 % of the chairs is custom chairs. 
Having that said, for the chairs that only go the 
general way, the WIP was 21 chairs. The total 
TPT was calculated by adding all the stations, 
where the longest processing time and the waiting 
time for each station was added separately. Gen-
eral, adjustment describes the chair’s path includ-
ing the Adjustment station, and the total TPT for 
this time line was 561 minutes, which are 1.37 
working days. For the chairs that pass through the 
general way and the adjustment station the WIP 
was 6 chairs more than the general path. General, 
custom describes the chair’s path through the 
Custom station. The total TPT for this time line 
was 1834 minutes, which are 4.48 working days. 
For the chairs that go through the Custom station, 
the WIP was 44 chairs. The total WIP for the 
system was 65. The analysis show that it is the 
chair’s path included the Custom station that has 
the longest TPT (Appendix 11). 

The VSM also show the value added time (VAT). 
The VAT was calculated by adding all the time 
seen as value added in each process. The chair’s 

path through General has the same VAT as the 
path through General, adjustment. This is because 
the Adjustment station is not seen as a station that 
provides value to the customer. The total VAT for 
these paths is 55.5 minutes. The chair’s path 
through General, custom has a VAT at 350.5 
minutes. Table 6 summarizes the total TPT in 
PPFT, the proportion of the time the product pro-
vides value for the customer and the waiting time. 
Table 6. TPT in the general PPFT 

Paths  
TPT 
(min) 

TPT 
(days) VAT  

Waiting 
time  

General  428 1.05 13.0 % 83.4 % 
General, 
adjustment 

561 1.37 9.9 % 76.3 % 

General, 
custom 

1834 4.48 19.1 % 80.0 % 

The most value added path are through General, 
custom because the time spent at the Custom 
station are considered as value added to the cus-
tomer. In general, the custom chairs have the 
highest TPT, this is explained through the long 
waiting time in the buffer before the Custom sta-
tion. The largest proportion of the total TPT is 
waiting between stations, which accounts for an 
average of 90 % of the total time for the different 
paths.  

The VSM conducted at the Preassembly station 
(Appendix 14), show that the total VAT are 13 
minutes and the total TPT are 31 minutes. The 
VAT stands for 42 %. One explanation that Pre-
assembly has relatively high VAT is that the sta-
tion supplies the Line with material and therefore 
do not have any chairs in buffer.  

Appendix 13 also shows uneven CT at the Preas-
sembly, Line, Adjustment and Custom station. 
The Control, Packaging and the Line Start are 
relatively even. In the VSM, conducted at the 
Custom station (Appendix 15), four different CT 
was included in the analysis. This was done in 
order to show the different categories Permobil 
Timrå uses to categorize the custom chairs. The 
average CT at each time line in the VSM differs 
between 73 minutes and 3155 minutes and the 
WIP was 23 chairs. This extremely diverse pro-
cess time is because the customer’s requirements 
are very varied. 

Uneven buffers 
Another problem that was identified in PPFT is 
uneven buffers. This was identified through ob-
servations in the Deviation Analysis, the VSM 
and the workshop Bracelet. In the workshop 
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Bracelet, both the officials and the employees in 
the Custom station agreed that this is a relevant 
issue at the station. In the bracelet factory case, 
this was also an issue. The officials had a desire 
to receive one order at the time in order to avoid 
stress related to high buffer. The employees also 
wanted to control the buffer size and prevent 
them to grow.  

According to the data that was collected to the 
VSM (Appendix 13) variations in the times was 
found since a triangular distribution has been 
used. Table 1 in Appendix 13 show that there are 
uneven buffers in PPFT, which has been identi-
fied at the Packaging station, the Control station 
and the Custom station. This uneven buffers hap-
pens often and occur because of the uneven flow 
that occurs at the difficulties of synchronize the 
Line with the rest of the production in PPFT. For 
an example, the buffer before the Custom station 
can vary between 12 chairs one day to 2 chairs 
another day.  

The data in Appendix 13 shows that the buffer 
before the Custom station has a waiting time of 
an average of 87 minutes according to Appendix 
13. Data provided by Permobil shows that the 
waiting time before the Custom station has a val-
ue of 18 hours and 30 minutes (personal commu-
nication, 03/22/2016), which are as the most 86.0 
% of the stations throughput time. This time takes 
into account if the chair is remaining in the buffer 
from one day to another and are therefore the data 
used in the VSM. The process time at the Custom 
station is all seen as VAT, due to Permobil’s vi-
sion to meet the customer’s needs (Permobil, 
n.d.f). Table 7 summarizes TPT and CT in the 
Custom station and for the different chair classes.  
Table 7. TPT in Custom station 
Class CT (min) TPT (min) TPT (days) 
1 73 1291 3,15 
2 465 2011 4.92 
3 1423 2971 7.26 
4 3155 7411 18.11 

Communication issues 
The interviews, the survey and the Deviation 
Analysis (Appendix 6) showed that poor or inad-
equate communication, mainly between workers 
and management, was an issue in PPFT. This 
poor or inadequate communication, usually con-
sist of order changes, which can for example, 
mean that operations are moved between different 
stations or that material has been replaced which 
the workers are not always informed about. This 
occurs mainly between the order department and 

the Custom station. According to the interviewed 
employees, this is an extremely major problem 
and there is a lot of waste due to the order prob-
lems.  

In the workshop Bracelet, it appeared that the 
employees in the Custom station think that they 
have good corporation among the teams. The 
officials think that the teams have become too 
separated and that the teams do not always want 
to do another teams job. However, both the Cus-
tom personnel and the officials agree that the 
communication to the other departments, espe-
cially with the personnel setting the orders, is 
insufficient.  

Unbalanced Line 
The issues that are related to the challenge of 
having a balanced line in PPFT have been identi-
fied through observations in the Deviation Analy-
sis and the VSM performed in the Line. The re-
sult shows that the workstations in the line often 
pass over takt time. This is explained by factors, 
such as material issues and the workload at cer-
tain stations is too high, and is the effect of the 
sequencing that may need to be changed.   

In the VSM, conducted at the Line (Appendix 
16), the total TPT is 242 minutes, which is about 
4 hours, the VAT is 175 minutes and the WIP 
was 15 chairs. Of all the VSM analyzes, the Line 
is the station that has the highest percent VAT. 
Entire 72 % of the total TPT is value added in the 
Line. This department uses a pull system, which 
is according to one of Likers’ 14 principles, a 
way to avoid overproduction (Liker, 2004b). As 
mention earlier, the WIP minimizes with a pull 
system (Geraghty & Heavey, 2005). Both of these 
theoretical statements may be reasons why the 
Line has a high VAT. Although the Line has a 
high VAT, the time study that was conducted to 
develop the VSM on the Line has proved that the 
Line is unbalanced (Appendix 13). According to 
Table 2 in Appendix 13, the average time left in 
every takt is four minutes, but the minimum show 
that each takt goes over with one minute, which 
means that in general, the line has a stop time for 
each takt. The four minutes to spare means that 
there is space to shorten the takt time, but because 
the line is unbalanced, the takt line should instead 
increase with one minute.  

Work environment issues 
As described earlier, Permobil is in the beginning 
of an implementation of Lean Production. It has 
already been concluded in the theoretical frame-
work that humans have a great impact on imple-
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mentation of Lean Production and that it is im-
portant to let employees be involved in change 
projects (Abrahamsson, 2016; Alvesson & Sven-
ningsson, 2014). To achieve a successful organi-
zational change, Abrahamsson (2016), Alvesson 
and Robbins (2014), mean that it is important to 
let employees be able to influence.  

The interviews and the survey have revealed dif-
ferent opinions about how the employees feel that 
they can influence their work or not. According to 
the interviews, there were some employees who 
said that they neither felt that they were involved 
nor that they could influence their work. On the 
question if the employees could influence their 
work or not, which was one of the questions in 
the survey, (Appendix 3) there was one depart-
ment that answered, “yes we believe so, if there 
are operations that are to be moved, usually the 
production engineer come and ask if it works to 
do in a certain way before they do the change” 
(personal communication, 03/31/2016). A con-
clusion is that the survey showed a more positive 
side, were the employees felt that they could in-
fluence their work, even though the interviews 
showed a more negative side. According to the 
interviewed employees, much of the daily work is 
monotonous, which can be seen, as an effect of 
the workers cannot influence their work situation.  

According to the interviews, the survey and the 
Deviation Analysis, the work is perceived as 
stressful in some cases. The stressful work the 
employees perceive, arises from constantly 
changes in work tasks, many accessories included 
in the product as a result of the high product mix, 
or that the takt time are to be shortened. A con-
clusion is that the workload may not be reasona-
ble at all workstations, which Rubenowitz (2204, 
s 97) mean is a factor for the employees to not 
experience the work environment as positive.  

The observations show that departments in PPFT 
are a bit disorganized. Hill (2012) means that 5S 
is a method to help organizations to have a clean 
and safe work environment. According to the 
analysis, there are departments that are working 
with 5S, but there are still opportunities for im-
provements regarding the orderliness.  

All these issues are crucial to maintain a good 
workplace. It is important that employees have a 
good health in order to avoid that the work is 
affected badly (Rose & Mikaelsson, 2011). In the 
workshop with the bracelet factory case, these 
types of issues were included. In the case, the 
officials were stressed due to growing buffers, 

and as mention in previous section, they wanted 
to receive the orders one by one. They also 
thought that the work situation at the bracelet 
factory was unstructured and they wanted to or-
ganize the bracelet pearls by color. The employ-
ees in the Custom station did also think that the 
situation at the bracelet factory was quite stress-
ful. Especially in the packaging station, were they 
organized the package material beforehand in 
order to keep up with the production pace. The 
Custom employees did also organize the pearls by 
color. While discussing the main problems at the 
Custom station in the workshop Bracelet, the 
officials highlight that it is the amount of chair 
that is stressful, not necessary the time it takes for 
each chair. As mentioned in previous section the 
employees in the Custom station expressed an 
irritation if a chair arrives to the station that actu-
ally should be made the following week, which 
the officials confirms. In the workshop Bracelet, 
the Custom staff states that they feel that they are 
not always completely involved in changes af-
fecting their work. 

6.2. Summary of the analysis  
The result from the analysis of the current state 
shows that there are obstacles throughout the 
whole PPFT. The major problem that has been 
identified is the waiting time, which stands for 90 
% of the total TPT. The waiting time is visible in 
the varied and often large buffers, which are con-
nected to each department in PPFT. Inadequate 
communication and order difficulties are other 
problems that have been identified as key prob-
lems in PPFT. Through a discussion with the 
supervisor at PPFT, a decision was made to focus 
the concept development phase on the Custom 
station. This decision was strengthened through 
that the Custom station is one of the departments 
in PPFT that holds a large of WIP and that there 
are, today, ongoing improvements in other de-
partments in PPFT. Other departments will re-
ceive recommendations for further developments. 
For ease of understanding, a list of obstacles in 
the Custom station has been conducted (Appen-
dix 5). 

Risk Matrix 
The listed obstacles related to the Custom station 
were evaluated in a Risk Matrix (Table 1 in Ap-
pendix 5). The Risk Matrix shows that uneven 
buffer is the issue that has the highest probability 
to happen and the highest consequence to affect 
PPFT negatively. This result is strengthened by 
the analysis, where the problem with uneven 
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buffer has been found to be one of the main prob-
lems in PPFT. The second listed highest obstacle 
is the issue with order difficulties, which have 
medium probability and a large consequence. 
Followed by the issues with long throughput time 
and sequencing difficulties, which has a frequent 
probability but a medium consequence. All these 
issues fall within the high risk zone, which repre-
sent a large risk of negative impact on PPFT. 
That means that these problems should have a 
major focus in the concept development phase, 
together with the further listed obstacles as well. 
The result of the evaluated obstacles from the 
highest to the lowest risk is listed in Table 8. 
Table 8. Prioritized obstacles in PPFT 
Obstacles in PPFT 
1 Uneven buffer before the station  
2 Order difficulties 
3 Long throughput time 
4 Sequencing difficulties 
5 Inadequate communication  
6 Uneven work task distributions  
7 Insufficient influence in the work 
8 Inadequate cooperation between the Custom 

teams 
9 Unclear work instructions 
10 Constantly changes in work tasks 
11 Inadequate follow-up of custom order  
12 High workload 

6.3. Requirement specification  
This section involves the requirements specifica-
tion set as basis for further solution development. 
The requirements are divided into organizational 
requirements, requirements regarding the Custom 
station within PPFT and work environment re-
quirements. 

Organizational requirements 
1. Maintain a continuous information flow and 

good communication between the Custom 
station and other departments in PPFT 

2. The information in the custom orders should 
be clear and correct 

3. An increased product flow through the Cus-
tom station should be manageable 

4. The product should be adopted to the unique 
user as far as possible 

5. The product should be delivered in the high-
est quality required 

6. The product should be delivered in the short-
est time necessary 

Requirements within PPFT 
7. A controlled and even flow through the Cus-

tom station should be obtained  
8. The buffers connected to the Custom station 

should be controlled in a fixed number as 
low as possible  

9. All work should be distributed in a way that 
avoid rework 

10. Maintain a continuous information flow and 
good communication within the Custom sta-
tion 

Work environment requirements 
11. Maintain a safe workplace for the employees 

in the Custom station 
12. The workplace should obtain a good physi-

cal and psychosocial working environment  
13. Employees should not be exposed to high 

physical or mental workload 
14. The employees should have high perceived 

involvement of their work and be able to in-
fluence it 

Evaluated requirements 
The result of the evaluated requirements can be 
seen the list below and are based on the matrix in 
Table 2 in Appendix 8. The list shows that good 
physical and psychological work environment is 
the most important requirement. Followed by, 
meet the customers’ need. These two are the most 
important requirements and they both correspond 
to the theoretical framework and to Permobil’s 
vision (Permobil, n.d.f). Rosa and Mikaelsson 
(2011) mean that a central factor for employees to 
feel good about their work is a good psychosocial 
work environment and Permobil’s founder, Per 
Uddén, said that the company’s vision is to be 
able to meet all customer needs (Permobil, n.d.f). 
The requirements from most to least important 
are listed in Table 9. 
Table 9. Prioritized requirements 
Requirements 
1 Good physical and psychosocial work envi-

ronment 
2 Meet the customers' need 
3 Increased product flow 
4 Correct order information 
5 Good communication 
6 Even flow 
7 Fixed buffer size 
8 Avoid rework 
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7. Concept development 
This chapter is divided into three main parts. The first part is Idea generation and involves the result 
from the creative method used in order to develop an amount of solution ideas that solves the prob-
lems identified in the Custom station. The chapter continues with a second part, evaluation, were the 
result from these methods are presented and evaluated. This is done in order to select a final solution 
proposal, which is the last part.  

7.1. Idea generation 
This chapter begins with a summary of what ap-
peared in the brainstorming and the workshop 
Thinking Hats. The analysis of the current state 
gave an amount of obstacles identified in the 
Custom station (Table 8). These obstacles are in 
this section divided into three different perspec-
tives on how the issues can occur, such as organi-
zational issues, issues within PPFT and work 
environment issues. These perspectives are held 
as structure in this section in order to ease the 
understanding of the result from the idea genera-
tion. The solution ideas developed from the 
brainstorming and the workshop are listed in Ap-
pendix 8. The pros and cons over the different 
proposals are summarized in Appendix 9. 

Solution regarding order issues 
One organizational issue was identified as order 
difficulties. To solve these issues, ideas were 
developed in our brainstorming. Some of the 
solutions were based on ideas to organize the 
different customized supplies available for the 
customers, in order to improve the order basis and 
make it easier to continuously follow-up the order 
problems. In the workshop with the Thinking 
Hats, these ideas were discussed with both the 
officials and the employees in the Custom station. 
The officials were positive to try to organize and 
standardize the order basis and they thought that 
there is a great interest in showing the different 
types on customizations that could be done. 
However, the officials also meant that it could be 
difficult to keep this type of system updated. The 
employees in the Custom station stated that an 
organization of this type would not necessary 
improve the work in the station but it could sim-
plify the work task of the persons setting the or-
ders. However, both the officials and the Custom 
staff state that this type of work would be very 
extensive and time-consuming. They also mean 
that an implementation of this type could be diffi-
cult due to the complicity and variety of the cus-
tomizations. Although, the groups both agree that 
it is possible to organize the orders of the shorter 

customize work, because they are more likely to 
be recurring orders.  

Another idea that was developed in the brain-
storming and could be used to solve the order 
problems involves logging the time of the cus-
tomization work. In the workshop Thinking Hats, 
both the officials and the employees at the Cus-
tom station think it is possible to be able to log 
the processes times. Although they already have a 
program that support logging times, the Custom 
personnel thinks that the system failures today 
and sometimes they forget to log the times. The 
officials mean that the purpose of this type of 
system should be clear in order to encourage the 
use of it, it should not be used as a “checkup” on 
the employees. It should also be visible what 
happened with the logged times so it is clear that 
the systems are being used by more. Both the 
officials and the Custom personnel mean that this 
type of system should be used while setting the 
orders. The employees receiving the orders 
should be able to search for similar orders in or-
der to choose order time and to improve the order 
data. The officials also state a desire to have the 
possibility to separate the times, value added or 
not, and that the order times should by this sys-
tem be updated continuously. They see this type 
of idea as an investment in order to build up a 
better order basis.  

Solution regarding HMLV issues 
One issue due to HMLV production regards se-
quencing difficulties. To solve these problems 
ideas were again developed in our brainstorming. 
Some of the ideas involved standardized guide-
lines for both order setting and planning. In the 
workshop with the Thinking Hats, the officials 
thought that it would be good to have a standard 
over this type of work. Especially because it be-
comes more stable and not as sensitive to inter-
ferences. Although, because it is difficult to pre-
dict what chairs that they are going to produce 
every week, it becomes challenging to find the 
best possible sequence and it must always be 
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room for exceptions. Another idea that was de-
veloped in the brainstorm and could help solving 
the issue with long TPT, includes simulating the 
production system in PPFT. This would bring 
forward bottlenecks and make it possible to try 
different scenarios before it becomes implement-
ed in the system. In the workshop Thinking Hats, 
the officials were positive to the idea but high-
lighted the fact that it would be difficult and time-
consuming to implement. They also pointed out 
that it puts high demands on the input to the 
simulation model, which currently is difficult in 
the Custom station, because there is not enough 
relevant collected data. Other ideas regarding the 
long TPT are to plan by day and to avoid that the 
chairs remain standing in the buffer. In the work-
shop Thinking Hats, the officials think that these 
ideas could shorten the TPT but it could also re-
sult in increased irregularities in the production 
flow. They mean that this idea requires a perfect 
order planning. The official states that the pro-
duction planning could be simplified by this idea, 
in regards to fewer controls to see if the chairs 
have been started in the different departments. 
However, the officials also state that it does not 
make room to trigger a chair in advance, assume 
if the chair should go off to painting or to the 
seamstress and therefore pauses the work for the 
mechanics. 

Another idea that was connected to the issues 
with constantly changes in work tasks and unclear 
work instructions was move the shorter custom 
jobs. In the workshop with the Thinking Hats, it 
is clear that the officials only see positive things 
about this idea. They state that if the shorter cus-
tom jobs could be moved out from the Custom 
station, the variety would decrease which would 
result in a shorten TPT and a more even product 
flow. The employees in the Custom stations is 
more skeptical to the idea and means that it would 
not make any difference, at least if it is the same 
resources that would be responsible for the short-
er jobs, but in a different location. However, the 
personnel at the Custom station claim that other 
employees than the mechanics could perform a 
lot of the shorter jobs. The officials mean that this 
idea could imply to a more standardized work but 
they do not have the computer support necessary 
for implement this type of idea.  

Other issues that affects the Custom station was 
identified as constantly changes in work tasks and 
unclear work instructions. This is due to the va-
riety on customized chairs required from the cus-
tomers. Although the fact that these issues cannot 

be completely avoided if the customers’ demands 
should be met, ideas was developed in the brain-
storming regarding minimize the chairs that do 
not necessary have to go through the Custom 
station. 

Solution regarding uneven buffers 
One obstacle identified in the Custom station is 
uneven buffer before the station. Some ideas de-
veloped in the brainstorming were ideas connect-
ed to structure and determine a fixed buffer size. 
In the workshop Thinking Hats, these ideas were 
discussed both with the officials and the Custom 
personnel. The officials did not see any benefits 
with organizing the buffers. Although, they 
thought that if a fixed buffer size was held, they 
could get a more even production flow. They 
state that this would be easy to implement by the 
production planner but the problem lays in the 
uncertainty in what particular customization they 
get every week. The employees at the Custom 
station state that the variety of order times makes 
it difficult to maintain a fixed buffer size. The 
official meant that one heavy disadvantage could 
be loss in the production line, which they cannot 
afford. Despite the drawbacks, the officials are 
interested in the idea, adding that it could involve 
a buffer level to aim for, that they necessary have 
to hold, mostly depending on what chairs they 
receive every week. Another idea that was devel-
oped in the brainstorming involved not structur-
ing the buffer, but to structure the mechanics 
within the teams to the different types of custom-
ized chairs. In the workshop Thinking hats, the 
officials mean that this would be positive because 
it includes not having to force some type of chairs 
through the station, chairs that for some reason 
remain in the buffers. They mean that this could 
implicate to a shorter TPT but that it also could 
mean uneven distribution of work between the 
teams. The Custom personnel claims that this 
type of idea is already implemented, but only in 
one of the three teams. 

Solution regarding communication issues 
The main problems regarding communication 
issues are inadequate communication within the 
Custom teams and between the Custom station 
and the other departments in PPFT. In the brain-
storming ideas regarding these issues were devel-
oped. These ideas were about implementing some 
sort of visual communication to use between the 
teams in the Custom station. In the workshop 
Thinking Hats, the employees in the Custom sta-
tion thought that this type of idea should not 
make a difference within the station but a signal 
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to the personnel setting the orders should be an 
effective way to communicate. The officials how-
ever, were very positive to the idea of trying to 
visualize a communication among the teams. 
Especially with the aim of trying to tear down the 
walls between the teams and try to get a better 
connection among the teams at the station. Alt-
hough, the officials think that this idea could be 
hard to implement and that it requires good lead-
ership. They mean that one problem could be the 
attitude among the employees within the Custom 
station. Another idea that could be used to im-
prove the communication between the personnel 
in the Custom station and the personnel setting 
the orders is to create a place for exchange per-
spectives and point of views. The Custom staff 
claims that it has already been attempts to imple-
ment this type of ideas before but because of un-
known reasons, it did not work. The employees 
state that if the purpose of creating this type of 
place was fulfilled and if all part listens to each 
other, it would be a good idea with positive out-
come. The officials were highly positive to the 
idea. They mean that in this way, all parts can get 
their voices heard and it would be a good place 
for exchange of perspectives. However, the offi-
cial state that this requires good control. 

Solution regarding work environment issues 
Issues related to the work environment regards 
factors such as; uneven work distributions, insuf-
ficient influence and high workload. Ideas devel-
oped during our brainstorming involved organize 
the workplace and involve the employees in 
changes. These ideas would act, as guidelines in 
the general work tasks were the aim is to create a 
more attractive workplace. These ideas could be 
included in most other ideas mentioned previous-
ly and will if so be combined with those for fu-
ture recommendation.  

7.2. Evaluation 
The solution proposal was first evaluated by set-
ting up a matrix over which problems and which 
requirements the proposal in some way are im-
proving, compared to the current state at PPFT. 
This matrix can be seen in Table 1 in Appendix 
10. The matrix shows that proposal 4. Log times 
and 11. Meeting place, are the ideas that involves 
most of the problems identified in the Custom 
station, they involved eight obstacles each. Pro-
posal 1. Modularization, 5. Shopping page, 13. A 
screen as the Line and 15. Move the short jobs 
each include seven obstacles. The proposal in-
volving the least of the problems identified in the 

Custom station is 3. Letter classification, 17. 5S 
and 18. Involve the employees in changes, which 
each include one problem. This is due to a nar-
rower scope on the ideas. The matrix also shows 
that proposal 8. Simulation model involves most 
of the requirements set to the Custom station, it 
involves seven requirements. This is due to the 
fact that this idea extends over the whole system 
and not on a specific section. Proposal 1. Modu-
larization, 4. Log times, 5. Shopping page and 11. 
Meeting place each includes six requirements.  

The solution proposals were then evaluated 
through a Pugh Matrix (Table 2 in Appendix 10). 
The result from the Pugh Matrix showed that 
proposal 11. Meeting place got the highest value. 
This is especially due to the high score on re-
quirement 1 (Good physical and mental work 
environment). The proposal number 11 also got 
its high value because it improves seven of nine 
requirements. Proposal 1. Modularization, 5. 
Shopping page and 13. A screen as the Line did 
also got high score due to the wide scope that 
include many of the requirements set to the Cus-
tom station. 

Continued development of the final concept was 
made on the solution proposals 4, 5, 10, 11, 13 
and 15 (Appendix 8). This is due to high score in 
the evaluation matrix and the broad involvement 
of the identified obstacles and the requirements. 
A combination of these proposals includes all 
problems identified and all the requirement for 
the Custom station.  

7.3. Final concept  
The final concept is the result of the mapping and 
the analysis of the current state that was conduct-
ed at Permobil´s production unit in Timrå. The 
final concept includes the six solutions developed 
to reduce the throughput time on Permobil´s 
products. The solutions are suited for a HMLV 
production and are also coupled with Lean phi-
losophy. The solutions are described individually 
and are argued for what the solution will contrib-
ute for and how it will work, to get a positive 
impact in PPFT. 

Meeting place 
This solution consists of a meeting place to ex-
change perspectives regarding order data. The 
solution is especially designed for the workers at 
the Custom station and the employees at the order 
department. The idea will contribute to better 
communication and minimize problems with the 
order data. Through these meetings, everyone 
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gets their voice heard and the problems will thus 
be spread to all involved. It will also lead to that 
the departments will become more well together, 
get a better understanding of each other´s work 
and learn from each other. The solution will meet 
the requirements 1, 2, 3, 4, 5 and 8, see chapter 
6.3 Requirement specification.  

The meeting place is mainly for questions that are 
more general, such as what can be improved for 
next time and issues that affect many orders. In 
need of more detailed issues relating a specific 
order, it can also be taken up in these meetings. 
The meeting place will be, one hour at the start on 
a weekly basis, and the purpose is to discuss the 
problems and agree on how to address these. 
Over time, the meeting place will terminate, if all 
parties feel that they have achieved a good order 
data basis, and then be resumed if the need will 
return.  

Log times 
Every employee at the Custom station should log 
the time of the jobs they perform to update the 
order data. By logging times, data can be saved 
and used for future planning. Thus, the follow-up 
of orders will be easier to implement and it will 
therefore in the long run be more orders that are 
credible and the solution can also contribute to an 
elimination of order problems. The solution will 
meet the requirements 1, 2, 3, 4, 5 and 8, see 
chapter 6.3 Requirement specification.  

The employee starts the time when the job begins, 
in the computer system they use today, pauses the 
time when breaks and unpredictable events occur 
and stops when the job is completed.  

Sales document  
This solution is a combination of the proposed 
solutions, shopping page and modularization. The 
solution is to create a standardized approach that 
allows each order to have the same basis and is 
performed in the same way. The solution consists 
of an image bank, which includes images of vari-
ous customizations, and a standardized document. 
The solution aims to standardize the work be-
tween the seller and the customer. The results 
from the analysis show that a total of 50 % of all 
orders have a failure of time, which corresponds 
to 23 chairs per week (Appendix 12). The image 
bank and the standardized document together 
bring a standardized approach to the order data. 
The idea is that the seller can use the image bank 
and the standardized document and through this, 
the work to create an order will become easier. 
All the orders that come to the Custom station 

will have the same structure, which will make it 
easier to read and understand the orders. In the 
long run, this solution will eliminate the time the 
employees at the custom station have to spend on 
clarifying the orders. If one assumes 10 minutes’ 
discussion and the time it takes to go up to the 
order department, 4.5 hours can be saved in re-
source time each week (Appendix 12). If one 
assumes that it takes 30 minutes to clarify each 
order, 12 hours can be saved in resource time 
each week (Appendix 12). The solution will meet 
the requirements 1, 2, 3, 4, 5 and 8, see chapter 
6.3 Requirement specification.  

The standardized document has a tree structure 
that makes it possible to choose the level of detail 
on the customization (see Figure 26).  

 
Figure 26. Example of a sales document 

The image bank, is a supplement to the standard-
ized document, and summarizes the main catego-
ries with images, associated subcategories and the 
system should be the same throughout the world. 
The seller documents how the customer wants 
their customization in the standardized document 
with the help from the image bank. This docu-
ment is then sent to the order department thus 
received as a standardized order. All documents 
should be written and documented in English and 
is updated, as new customization work is carried 
out. 



 

CONCEPT DEVELOPMENT 40 

Move the short jobs 
The custom job that takes up to one hour to per-
form will be moved and performed in a station 
connection with the Line, supposedly the station 
K100. 17 chairs each week will be moved from 
the Customs station (Appendix 12). This means a 
total of 815 chairs every year. This corresponds to 
38 % of all chairs passing the Custom station 
(Appendix 12). This solution will therefore result 
in shorter throughput times, a smoother flow and 
evener buffers. This solution will eliminate the 
transportation between the Line and the Custom 
station and 31 minutes per week will be saved in 
resources (Appendix 12). The solution will meet 
the requirements 2, 3 and 6, see chapter 6.3 Re-
quirement specification. The jobs that are moved 
from the Custom station, will be carried out by 
the resources available in the Line and the jobs 
that is performed at this station will thus, not 
require a mechanical resource. In those cases, 
where a mechanic must perform the work, the 
chair will be moved to the Custom station instead. 
This will be documented so that this type of cus-
tomization does not fall into this station the next 
time, although it has a process time up to one 
hour. The order department determines the plan-
ning of the orders that will be placed at this sta-
tion. The orders will be printed at Line start and 
the station will be located at the end of the Line.  

Help signal 
This solution involves a help signal that will indi-
cate when a mechanic at the Custom station is in 
need for help. There are two different help but-
tons, one indicating help from another employee 
at the Custom station and one indicating help 
from the order department. Each department has 
determined an Andon, which has the same func-
tion as the Andon on the Line (see section Line in 
chapter 5. Current state), and means that the per-
son is responsible for being the first one to be on 
place to help. The signal system will be displayed 
through a lamp system, which is placed both at 
the Custom station and the order department. The 
idea is to move the work to solve the problems 
with order documents closer to the original 
source. In this way, the mechanics will leave their 
work if problems arise and tentatively begin a 
new order. This will contribute to a system that 
highlights the problems with orders and encour-
age follow-up orders, because those who place 
the orders are the ones who now have to solve the 
problem. The solution will also increase the col-
laboration between the teams and meet the re-

quirements 1, 2, 3, 5 and 8, see chapter 6.3 Re-
quirement specification. 

In need for help, the mechanic presses on any of 
the help buttons. There are two different buttons 
that indicates when a mechanic needs help. One 
button indicates that the mechanic needs help 
from other employees at the Custom station, and 
the other button indicates that the mechanic needs 
help with something that is related to the order 
data. A signal is thus sent, either to the other em-
ployees at the Custom station or to the workers at 
the order department, depending on what help the 
mechanic is in need for. This system is divided 
per team and the person that has the role as An-
don is determined at the beginning of each day 
and is rotating, preferable the mechanic that cur-
rently is working with the shorter custom jobs. 
The order department also has an Andon, deter-
mined daily and is rotating. In need of help, the 
person in the order department, who is selected as 
Andon, arrives to the mechanic who called for 
help. When a mechanic, press the help button, 
there shall also be documentation from Andon 
what the problem was, just like the Andon in the 
Line.  

Optimal WIP-level 
CONWIP is a pull system, which means that a 
constant number of WIP is used. This solution is 
modified because of the large product mix that 
exists in PPFT, and will therefore consist of a 
mobile WIP-level. This solution minimizes the 
WIP and contributes to a more even flow. By 
having a low WIP, the flaws in the system will 
easier be detected. The optimal WIP-level is cal-
culated to 7 pieces and was calculated according 
to equation (1); 

!"# =  1834 × 5500 ÷ 235
409 ×16 ≈ 7 

Today, the WIP-level at the current area is 23 
pieces (Appendix 11). This means that 16 chairs 
will be reduced in the total WIP for the custom 
chairs. This solution will shorten the TPT by 5 
hours and 34 minutes, due to reducing WIP. This 
is between order start and finished order. The 
solution will meet the requirements 2, 3, 6 and 7, 
see chapter 6.3 Requirement specification.  

The solution connects the Custom station and the 
planning department by a signal. When a chair is 
started on the Custom station, when a chair is 
picked out from the buffer, a CONWIP-signal is 
sent to the planning department indicating that a 
new Custom chair can be planned for production. 
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A production signal is then sent from the plan-
ning department to Line start (Figure 27). Be-
cause Permobil is a HMLV production, a modifi-
cation of CONWIP is required. Unlike a “nor-
mal” CONWIP, this solution uses a mobile WIP-
level. This means that there is an optimal WIP-
level and that this level should be attempted to be 
hold. The WIP-level, which is set to 7, applies 
only at the Custom chairs and the idea is that the 

targeted WIP-level can only increase if necessary. 
The number of direct chairs guides if the WIP-
level for the Custom chairs needs to be increased 
or not. If the number of direct chairs is low, an 
addition of customizable chairs is required so that 
the Line does not become stagnant. The optimum 
situation is to find a balance between the Custom 
chairs and the direct chairs 

 

 
Figure 27. Signal system trigging an order start 
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8. Discussion 
This chapter rounds off the project with a critical reflection of this thesis. The critical reflection in-
cludes both pros and cons but the focus lay on the factors that could be done differently in order to 
improve the final result of this thesis. The chapter starts with a reflection of the execution of this thesis 
and the method used in the project. The chapter continues with a discussion of the result of the project 
compared to the theoretical framework set as basis for this thesis. The section follows with a discus-
sion of the relevance of the final solution proposal through a user, organization and society perspec-
tive. The chapter ends with a recommendation of a final solution proposal to Permobil Timrå.  

8.1. Project execution 
This section covers the critical reflection regard-
ing the execution of this thesis. This section is 
based on the result from the risk analysis done in 
the initial stage of the project (Appendix 2).  

An iterative work process and critical thinking 
was attempted to maintain throughout the project. 
In general, this was done without any problems, 
which improved the quality of the work. To have 
a leave-and-resume thinking, a wider perspective 
was given which in turn meant that we could in 
many cases avoid to get stuck in a specific work. 
This work process made it possible for us to carry 
on with the project. Although, in some cases this 
work process was hard to maintain. To avoid this, 
continuously meeting was held were we dis-
cussed our work in relation to the most recent 
timetable. 

The most crucial risk that was identified in the 
Risk Analysis was Wrong problem formulation 
(Appendix 2), this due to its high value of conse-
quence. To avoid this risk a critical thinking was 
maintained throughout the project process. The 
objectives and goals for this thesis was the same 
throughout the whole project but the research 
questions were slightly modified in order to get a 
better and clearer definition that encourages the 
purpose of the project. In this case, the modifica-
tion of the research questions did not affect the 
outcome of the work that was done so far, and the 
consequence of it was therefore not noticeable. 
By the iterative work process (Ranhagen, 1995) 
that was used in the thesis, this risk was made 
visible in time and a negative outcome was there-
fore avoided. This iterative work process along 
with a thoroughly planning and a continuously 
communication with the supervisors, did also 
contributed to the risk regarding Irrelevant theory 
and Rework (Appendix 2) was avoided. 

Although the objectives and goals did not change 
during the progress of this thesis, a discovery was 

made that they were quite wide. This meant that 
the scope for this thesis became too broad and 
undefined to handle. This factor was a risk called 
Unclear limitations, identified by the Risk Analy-
sis in the beginning of the project (Appendix 2). 
The planned action to avoid this risk was to 
communicate and discuss with the supervisors 
both from the university and Permobil Timrå. By 
doing this, the scope of this thesis was narrowed 
down by focusing the concept developing to only 
one station in PPFT, the Custom station. This 
resulted in a recommendation to Permobil Timrå 
based on the problems identified in the whole 
PPFT and a solution proposal regarding only the 
Custom station. This led to a change of the time-
table (Appendix 1) but did clarify the purpose and 
made it easier to carry out the work of this thesis. 
A more direct and narrow scope did also reduce 
the risk Workload becomes too large (Appendix 
2). Accordingly, a more limited scope from the 
beginning would facilitate the work considerably. 
Due to the complexity of PPFT, time would be 
spared while mapping the current state, if a 
smaller area or focus was in consideration from 
the beginning. A narrower scope would also give 
more time for the concept development phase and 
it would be possible to implement and follow up 
the solution proposal that originally was included 
in the project circle (Karlsson et al., 2011), which 
were the guidelines to this thesis progress.  

Another risk that was considered through the Risk 
Analysis was Poor communication with the su-
pervisors (Appendix 2). Throughout the progress 
of this thesis, this aspect has not been a crucial 
problem. Having that said, the long distance with 
the supervisor from the university was causing 
some difficulties. Due to the fact that this thesis 
was performed in Timrå, the communication had 
to be done entirely by email and video meetings. 
This communication was important and crucial to 
us in order to be able to carry out this thesis. Alt-



 

DISCUSSION 43 

hough, it had been easier with physical meetings 
in order to improve the quality of the meetings. 
This especially due to technical problems on sev-
eral occasions. In summary, the communication 
with the supervisor from the university was han-
dled in a good way that contributed to a thesis in 
the right direction. Regular meetings and multiple 
submissions of the work in order to get continu-
ously discussions and feedback made it possible 
to collaborate despite the distance. The communi-
cation with the supervisor at Permobil Timrå was 
also held on a good level. Regularly meetings 
every Thursday was arranged and made it possi-
ble for us to raise questions concerning the pro-
ject.  

Poor communication within the project group 
was another risk that emerged from the Risk 
Analysis in the beginning of the project (Appen-
dix 2). Considering that we have been two per-
sons in the project group, several advantages 
followed. The main advantage was that multiple 
perspectives that was included in the work, we 
completed each other and it was easier to discuss 
difficult moments in the project. It has especially 
been crucial to be two persons while working 
with concept developing because it becomes easi-
er to discuss and therefor easier to develop inno-
vative ideas. However, in a few cases the discus-
sion has been unnecessary long due to different 
opinions. In these cases, support from the super-
visors from both the university and Permobil 
Timrå have helped to get the work back on track.  

Method discussion  
This section is a critical reflection of the methods 
used in this thesis. In general, the different meth-
ods were considered as suitable and relevant to 
the objectives and goals for the project. A good 
combination of methods was held which we think 
raises the quality of the outcome of the thesis. We 
also think that it gave a good foundation to stand 
upon when we carried out the work. This part is 
divided into the six different phases of the project 
circle that was used as this thesis work process 
(Figure 11). 

The first phase of the project circle was Plan to 
change and had the purpose to determine the 
main goals of the project. The main methods used 
in this phase were to plan the available time by 
using a Gantt schedule and to perform a Risk 
Analysis. Develop a time table was crucial in 
order to get an idea of how the work should be 
distribute and what milestones that we had to take 
into account. Although, it was quite difficult to 

divide the resource time in the different phases of 
the project circle due to a wide goal of this thesis, 
as mentioned before. The result of these difficul-
ties was a modification of the research questions, 
a changed timetable halfway through the project 
and an adjusted recommendation setup. The Risk 
Analysis was a good method for us to develop. It 
gave us insight in the most crucial risks that could 
happen in the progress of the project. This meth-
od made it possible for us to avoid the negatively 
effects of the risk’s due to an increased aware-
ness.  

The second phase of the project circle was to Map 
current state, which aimed to identify and ana-
lyze the present state at PPFT. It also included a 
development of a theoretical framework in order 
to set the guidelines of this thesis. The theoretical 
framework was done through a literature review, 
were relevant articles and information was 
searched in different search engines. The most 
difficult aspect in this method was to find rele-
vant keywords to use in the search for literature to 
use in the theoretical framework. This increased 
the risk of irrelevant theory that was identified in 
the risk analysis as a high risk (Appendix 2) and 
it made the work more time consuming than ex-
pected from the beginning. To meet this difficul-
ty, we continuously went back to the research 
questions, objectives and goals for the project, in 
order to keep the literature relevant. Perhaps, if 
we had looked at more similar work than we did, 
we could have been inspired to more keywords, 
which would simplify the search work. The next 
step in the phase Map current state was divided 
into identifying the current state and to analyze it. 
The methods used to identify the current state 
were data collection, participant observations and 
unstructured interviews. In terms of data collec-
tion, the main uncertainty lay in the reliability in 
the documents provided by Permobil Timrå. 
Since we did not collect the data ourselves we 
can’t be absolutely sure of its resemblance to 
reality. Due to the participant observations we got 
enough knowledge about the current situation to 
do an educated estimate whether the collected 
data is reasonable or not. In this case, all collected 
data was considered to be close enough to reality 
to be suitable to use in the project. The participant 
observation was a good method to perform in the 
beginning of the project. It gave an early under-
standing of the situation of PPFT. It also gave a 
chance for us to get to know the personnel that 
work in the different stations within PPFT. Un-
structured interviews were performed at the same 
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time as the participant observations. This method 
was considered as a relevant method to use in this 
thesis due to that Osvalder et al. (2011) means 
that is is a good method to use in explorative 
studies. This method made it possible for us to 
collect the opinion of the personnel without af-
fecting them too much. A difficult aspect of both 
participant observations and unstructured inter-
views was the documentation. Since we were out 
on the different stations a whole work day, the 
documentation had to be done at the end of each 
day, which sometimes made it difficult to re-
member all notable. The fact that the interviews 
were so open and more like a conversation also 
made the documentation difficult. Due to the fact 
that we were two persons in this thesis, we com-
plemented our notes quite well. In the cases were 
we did not remember the whole information, our 
desk was located near the production floor which 
made it easy to go and ask again.  

The phase continued with an analysis with the 
methods Deviation Analysis and Value Stream 
Mapping, VSM. The Deviation Analysis resulted 
in a list of deviation in PPFT, based on the obser-
vation and the interview done while identifying 
the current state and a complementary survey for 
the employees that work within PPFT (Appendix 
6). This was a suitable method to use initially in 
the analysis phase. It gave us a broad understand-
ing of the problems in the original situation. It 
was also an easy method to perform. Although, 
the result was mostly based on observations and 
interpretations on what the personnel had said, 
not on hard facts. To complement this drawback, 
we performed a VSM, which is a method mainly 
based on collecting data. Although this method 
was considered not suitable for a company with 
HMLV (Irani, 2011), it was profitable to use in 
this thesis due to the division of the maps. It gave 
a thoroughly understanding of the current state 
and by collecting all data in a triangular distribu-
tion the variation was noted. An improvement to 
this analysis phase could be to use additional 
methods in order to complement to get more per-
spectives to the problems. Due to time con-
straints, this was not possible. Although, due to 
the fact that we collected the majority of the data 
ourselves, the outcome of VSM complemented 
the Deviation Analysis in a relevant way for this 
thesis. In this way, we maintained a result of the 
analysis based on both facts but also on the per-
ceived situation from the employees and us. The 
result from the Deviation Analysis and the VSM 
was compiled in a list of problems in PPFT. The-

se problems were evaluated in a Risk Matrix in 
order to arrange the problems on frequency and 
consequence in order to choose a relevant area to 
improve. Again, more complemented methods to 
evaluate and look into the different problems 
would have been suitable. Though, due to the 
time limit of this thesis, this was not possible to 
do. To meet this difficulty, we had to adjust the 
methodology to the time available. In this case, 
we made conscious priorities, which led to focus 
the concept development into only the Custom 
department.  

The third phase of the project circle was Re-
quirements specification. In this phase, the re-
quirements were based on the analysis of the 
current state and were evaluated through an eval-
uation matrix. It is important to develop a produc-
tion plan according to the company’s goals (Bell-
gran & Säfsten, 2005), which made this a relevant 
method to use in this thesis. It gave a general 
guideline over what the solution proposal should 
be focused on. It is also important to develop the 
work environment together with the production 
system (Bellgran & Säfsten, 2005). This is why 
the requirement specification is partly divided 
into work environment requirements to make sure 
that the user still is held in focus, which are a 
crucial aspect in this thesis (Götz & Maier, 2007).  

Solution proposal was the fourth phase and aimed 
to develop solution proposal based on the re-
quirement specification. The creative method 
used in this phase was brainstorming and work-
shops. These methods were a good complement 
that made it possible to combine our own opinion 
with the officials and employees at the Custom 
station opinion. This increased the quality of the 
final solution proposal that was recommended to 
Permobil Timrå.  

The fifth phase of the project circle was Evaluate 
and select were the concepts was evaluated in a 
Pugh Matrix. This was a suitable method to use in 
order to get an opinion and a visual overview on 
how the concept relate to each other. A difficult 
aspect was to evaluate the concept based on the 
same basis. Because we did a workshop with both 
the officials and the employees in the Custom 
station, where the concepts were discussed, we 
collected more perspectives to use in the evalua-
tion. 

The last phase was Develop final proposal, which 
aimed to detail-work the solution selected from 
the last phase. In this section the solution pro-
posals were detailed through factors such as; time 
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measurements, data investigation and develop-
ment of illustrations. This was good in order to 
improve the solution proposals and combine them 
together into one unique concept. In this phase 
metrics were developed in order to show the im-
provement that followed the final solution con-
cept compared to today.  

8.2. Results 
This section involves a discussion regarding the 
result from the analysis of the current state and 
the result from the concept development. The 
analysis of the current state was based on our own 
observations, an extradited survey, interviews 
with the employees and data collected and pro-
vided by Permobil. The analysis methods used 
was Deviation Analysis and Value Stream Map-
ping.  

Main issues in current state 
The obstacles identified in PPFT are listed in 
Table 8. These obstacles were considered reason-
able due to the outcome of the analysis methods 
and to the theoretical framework. The most cru-
cial obstacles were estimated through a risk ma-
trix to Uneven buffer before the station, Order 
difficulties, Long throughput time and Sequencing 
difficulties (Table 2 in Appendix 5). This was due 
to a combination between the high probability for 
the issues to occur and a large consequence if 
they do appear. Uneven buffer was the obstacle 
that was evaluated as the highest risk. Based on 
the findings in this thesis, this aspect is important 
and could be connected to the Lean principle that 
says that a continuous flow brings problems to 
the surface (Liker, 2004b). Through observations 
and the survey that was used in the Deviation 
Analysis, the result showed that the issue with 
uneven buffers derives from the variety of prod-
ucts. The result from the VSM also showed that 
the buffer size is large and that the amount of 
WIP in PPFT is big. According to Geraghty and 
Heavey (2005) increases WIP by a push system. 
This could implicate that it is both the variety of 
products and the push character of the production 
system that causes the uneven and big buffers. In 
our observations, we discovered that Permobil 
Timrå is only using a pull system in the depart-
ments Line start, Preassembly and Line. After the 
Line, a push system is used throughout. We be-
lieve that it is after the Line, that the problems 
with the buffers appear. Lean Production usually 
recommends the use of pull system but Liker 
(2004b) state that push system could be effective-
ly used if the resources are not allowed to be 

overloaded. For Permobil’s production system, 
this is not the case and the buffers could rise 
without control, which we believe implies that the 
issue with uneven buffer is highly relevant to 
improve. Due to the fact that Permobil provides 
products in endless variations and always will be, 
due to their vision to produce to all customers in 
need of their products, it is also justified to priori-
tize this issue. As explained earlier in the theoret-
ical framework, Irani (2011) state that a complex 
material flow is an effect of a high mix and low 
volume of products, which makes the issue with 
uneven buffers even more crucial to improve.  

The obstacle with the second highest risk was 
evaluated to order difficulties. Especially the 
employees in the Custom station highlighted this 
issue in the workshop Bracelet. They meant that 
they have to go and check the order information 
in the order department, several times each day. 
This is confirmed with data provided by Permobil 
that show that about 70 minutes per order is 
wrong and that approximately 25 minutes per 
order is missing in the time plan (Appendix 12). 
If 50 chairs go through the Custom station each 
week, this would mean a missing planned time of 
20 hours and 50 minutes every week. This issue 
could be connected to the principle that standard-
ized work is the foundation to Lean Production 
(Liker, 2004b). If the orders were not made in the 
same way, problems would occur. By having to 
go and check the orders and therefore not be able 
to continue with the work until the order is ex-
plained, this issue causes waste in the form of 
waiting time (Liker, 2004b). Having that said, we 
believe that it is highly relevant to prioritize the 
order difficulties. Two factors that affect how the 
employees experience their work, is according to 
Rubenowitz (2004) possibility of control and 
appropriate workload. The order problems con-
tradict these factors, which could worsen the 
work environment.  

Long throughput time was evaluated as the third 
highest risk. Through observations and the survey 
in the Deviation Analysis, it becames clear that 
the issue with long throughput time, just like the 
issue with uneven buffers, derives from the varie-
ty of products. The principles of Lean production 
strive towards producing products at the shortest 
time possible (Liker, 2004b). Permobil’s Lean 
house (Figure 18) shows that one of the founda-
tions for the company to stand upon is eliminate 
waste (Carlsson, 2016). By eliminate waste, Per-
mobil want to reduce the unnecessary factors 
increasing the throughput time, and thereby 
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shortening the total lead time. According to Liker 
(2004b), the Lean house cannot be stable if there 
is a weak link. This fact makes the issue with 
long throughput time highly prioritized due the 
amount of obstacles that could be seen as waste.  

The fourth highest risk in PPFT was evaluated to 
sequencing difficulties. As mentioned before is a 
complex material flow a common problem for 
HMLV companies (Irani, 2011). Irani also state 
that HMLV companies have a complex produc-
tion control and scheduling. By having a complex 
production flow and not be able to predict the 
customers demand, due to the variety of product, 
sequencing difficulties seems reasonable. In the 
observations and the interviews, it becames clear 
that the sequencing problems mainly regarded the 
fact that the Custom station has a weekly plan 
while the rest of PPFT have a daily plan. The 
result of the VSM shows that this issue could 
result in a high level of WIP, which makes this 
issue relevant to prioritize.  

Other important obstacles that is worth mention-
ing is inadequate communication and insufficient 
influence in the work. According to the inter-
views and the survey in the Deviation Analysis, 
inadequate communication is mainly between the 
employees working in PPFT and the officials as 
well as the management. We think that this issue 
is important to improve based on the theoretical 
framework, that it is crucial to maintain good 
communication to have a successful change 
(Abrahamsson, 2016; Oudhuis & Tengbland, 
2013). From the interview with the employees, it 
appears that they sometimes are not involved in 
changes affecting their work place, which is the 
basis for the issue with insufficient influence. 
This is also an important issue to avoid because 
the employees’ possibility to influence is also a 
crucial factor to have a successful change (Abra-
hamsson, 2016; Alvesson & Svenningsson, 
2014). Although the interviews and the survey 
showed different opinions about how the employ-
ees feel that they can influence or not, we consid-
er this as an important issue to avoid in future 
organizational changes, just because it could hap-
pen even if it does not always happen.  

We believe that the obstacles that we have identi-
fied represent the current situation at Permobil 
Timrå in a good way. It was an appropriate foun-
dation to stand upon while develop the solution 
proposals. By having a relevant list of problem to 
improve, we believe that the result from the con-
cept development becomes more adequate and 

relevant for Permobil Timrå to implement. These 
identified obstacles were the foundation of the 
requirement specification. In an evaluation matrix 
(Table 2 in Appendix 5) the requirements that we 
estimated as most important, were Good physical 
and mental work environment, Meet the custom-
ers' need, Increased product flow and Correct 
order information. We believe that these re-
quirements summarize the research questions set 
to this thesis. The requirements are also relevant 
due to the theoretical framework. 

Unbalanced Line 
To future concept development, the work was 
narrowed down to focus on the Custom station. 
This was justified due to the available time re-
sources left in the process of this thesis. Aside 
from the solution proposals developed to the Cus-
tom station, the main problems identified were 
due to an unbalanced Line. The findings from the 
analysis of the current state showed that the un-
balanced Line is preventing Permobil to meet 
their future goals of an annually production of 
7000 power wheelchairs. Due to a variety of cy-
cle times, that is according to Irani (2011) an 
aspect for HMLV companies, the Line become 
difficult to balance. The cycle time can depend on 
type of chair and which employee that is working 
at that specific chair. The employees at the Line 
have stated in the interviews that they are ex-
posed with stress because the takt time is to be 
shortened. They mean that the workload will 
become too high when the takt time is shortened. 
However, the result from time measurements 
performed in the different station in the Line, 
show that there is actually room for shortening 
the takt time by four minutes, without increase 
the workload. But due to the variety and the stop 
time that occur, the takt should instead be added 
with approximately one minute in order to avoid 
any stop time. Worth noting is that the time 
measurements could involve error. The data was 
collected by observing the takt screen, depending 
on the employees’ pushes the buttons as they 
should. As we cannot be completely sure that it 
was done as it should, we cannot completely rely 
on the result.  

However, the result from the VSM shows that 72 
% of the time the chair spends in the Line, is val-
ue added time, VAT. This high VAT is because 
the lack of buffers. Worth noticing is that due to 
the fact that there is no waiting time due to buff-
ers, there are not 100 % VAT in the Line depart-
ment. We believe that this shows that the Line is 
maintaining waste due to waiting time because 



 

DISCUSSION 47 

the station has to wait for each other before con-
tinuing their work. Waiting time is according to 
Liker (2004b) a waste that should be eliminated. 
But it is not as simple as adding or removing 
minutes to the takt time. The cause to this issue 
lay in the unbalanced work distribution between 
the workstation within the Line. This shows that 
an improvement is highly necessary in order for 
Permobil to meet future goals. We think that the 
problem due to the variety of chairs can be solved 
through balancing the line in a long-term perspec-
tive, which is according to Bellgran & Säfsten, 
(2005) an important aspect when improving exist-
ing systems. To base decision on a long-term 
perspective is also one of the principles of Lean 
Production (Liker, 2004b). The problem with 
which employee that is working with that specific 
chair can be solved by having continuous im-
provements and thereby become a learning organ-
ization (Liker, 2004b). The overall goal must be 
to level out the workload at each station, so the 
employees will not be affected in a negative way. 
Leveling out the workload is according to Liker 
(2004b) one of the principles of Lean Production. 
We believe that the takt time can be shortened in 
a long-term perspective, without affecting the 
employees negatively.  

Concept development 
The result from the ide generation was summa-
rized in a list of solution proposals (Appendix 8). 
Especially the workshop Thinking Hats was giv-
en us a lot of feedback that we could use in order 
to make our final concept more relevant and ade-
quate for Permobil to implement. The solution 
proposals were evaluated and based on our own 
thinking and the feedback from both the employ-
ees in the Custom station and the officials, we 
determined to continue with solution proposal 
number 4, 5, 10, 11, 13 and 15 (Appendix 8). We 
believe that this combination of ideas was suita-
ble to further detailed development. By looking at 
Table 1 in Appendix 10, one can see that all the 
problems and requirement are being involved by 
combining these proposals into one final concept. 
We believe that this approach is relevant due to 
the time limitations. Instead of deepen into one 
specific idea, we developed an amount of pro-
posals less extensive but that together improves 
the current situation at the Custom station both in 
a short and long-term perspective. As explained 
in the theoretical framework, it is important to 
deliver recommendation that have a long and 
short term aspect, to meet an entitled production 
development (Götz & Maier, 2007). 

The final concept could be divided into six differ-
ent ideas such as; Meeting place, Log times, Sales 
document, Move the short jobs, Help signal and 
Optimal WIP-level. The meeting place is an idea 
mainly aimed to improve the order data. This idea 
will result in better communication between the 
Custom and order departments. To create a meet-
ing place for the personnel to exchange opinions, 
be able to bring up perceived problems and to 
solve these problems together we think that the 
work place climate will be improved, which is an 
important factor for a good work environment 
(Rubenowitz, 2004). In the long run, this idea 
could improve the workload distribution at the 
Custom station by improving the order data. An 
appropriate workload is also an important factor 
for how the employees perceive their work 
(Rubenowitz, 2004). Another positive aspect of 
implementing the meeting place is a higher per-
ceived influence among the employees that work 
in the Custom station. We believe that this 
strengthen the final concept due to the importance 
of influence among the employees in order to 
have a successful change (Abrahamsson, 2016; 
Alvesson & Svenningsson, 2014). Another aspect 
that one should have in mind is that by implement 
a meeting place the waste “Unused employee 
creativity” (Liker, 2004b) could be avoided. Liker 
states that if the company does not listen to the 
employees, ideas and improvement could be lost. 
We think that the meeting place could be used to 
avoid this waste and instead use the knowledge 
and experience that exist among the staff. A risk 
with this idea is that the meeting could be un-
structured which could mean inefficient work or 
that the meeting could feel unnecessary among 
the employees. To have in mind while imple-
menting this meeting place is that the objectives 
and aims should be clear and open. In order to be 
open with the purpose of a change, resistance 
among the staff could be avoided (Alvesson & 
Svenningsson, 2014). We believe that by being 
clear about why the meetings should take place 
and how the meeting should be performed, this 
idea would only be given positive outcome.  

An additional idea within the final concept, also 
with the aim to improve the order data, is logging 
the custom times. The findings of this thesis show 
that this is highly necessary to be able to over-
come the order problems. This solution also 
makes it easier to have an appropriate order fol-
low-up. With correct time data documented, the 
employees setting the order would have a solid 
and more standardized foundation to stand upon. 
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We believe that this will improve the Permobil 
“First-time quality” thinking (Table 5). We be-
lieve that by logging the times, an opportunity to 
create orders that is as close to the reality as pos-
sible generated. The idea logging times is based 
on using the existing system that support logging 
the order times. According to Alvesson and 
Svenningsson (2014) should changes be based on 
previous experiences. We believe that the use of 
the same system support as before, would be easy 
to implement and the employees do not have to 
be trained into a new system. Instead, the chal-
lenges lay in overcome todays problem that the 
logging system is not used the way it should. It is 
difficult to know if the employees are going to 
use the system correctly. The control is in their 
hands. If the management is open with the pur-
pose and that they ensure to visualize the out-
come of it, we believe that the employees are 
going to want to fill in the times correctly. If the 
employees do not understand the nature, purpose 
and process of a change, one cannot expect that 
they will participate (Kimber, Barwick & Fear-
ing, 2012). A negative factor with using the excit-
ing support system when logging times is that the 
system cannot handle that the employees fills in 
the times manually. This means that they cannot 
remove or change the time if they for an example 
forgot to stop the time when they leaving the 
workstation for the day. However, we believe that 
if good communication about the purpose and 
outcome of the time logging, this problem could 
be overlooked. If it appears that this does not 
work, other support systems should be searched 
for, to see if the system can be replaced and 
thereby improved. Another idea that lay within 
the final concept is the idea of having a standard-
ized sales document, also aiming towards improv-
ing the order problems. A standardized documen-
tation over the different customizations that is 
available to Permobil’s customer, lay within one 
of Lean Production’s foundations of having a 
standardized work in order to improve the organi-
zation (Liker, 2004b). By having the same struc-
ture and language, we believe that the work with-
in PPFT will be easier and that the time that cur-
rently is spend on understanding the order data 
will be eliminated. This idea will also contributes 
to improving the “First-time quality” thinking 
that is included in Permobil Lean system (Table 
5). The idea contributes to a system that create 
the right quality of any work from the start. A 
difficult thing about this solution is the time con-
suming implementation. Although, we believe 

that the positive effects shines over the negative 
aspects of this solution.  

Another idea in the final concept that has a differ-
ent approach is move the short jobs, which main-
ly aims to reduce the long throughput time. By 
moving the shorter custom jobs to a station closer 
to the line without moving a resource from the 
Custom station, the production flow would be 
more efficient. By moving the shorter jobs, the 
throughput time would be shortened just by the 
fact that the buffer waiting time would be reduced 
for this particular jobs. Through Appendix 13, we 
can also see that about 30 minutes will be reduced 
from the production time every week. This is by 
reducing the transport of the chairs, which are 
seen as a waste in Lean Production (Liker, 
2004b). By implement this idea, the competence 
of the employees is used, which according to 
Oudhuis and Tengbland (2013) is important when 
implementing an organizational change. The em-
ployees in the Custom station get to focus their 
work on more difficult jobs that requires their 
knowledge.  

The final concept continues with a help signal 
that aims to strengthen the corporation between 
the custom teams and to move the problem solv-
ing regarding the orders closer to the original 
source. This idea was changed compared to the 
solution proposal explained in Appendix 8. 
Through feedback from the officials and the em-
ployees in the Custom station, it became clear to 
us that the main advantage of this idea was the 
fact that the employees could receive help from 
each other and from the order department. This is 
why this idea was modified from a screen to a 
lamp system. We believe that this idea through 
this modification becomes simpler and cheaper to 
implement. By implementing this idea, the unity 
within the workforce will be improved in the long 
run, which is an important factor for the employ-
ees to feel good in their work (Rubenowitz, 
2004). We also believe that this idea would en-
courage to a successful order follow-up, due to 
the fact that it is the employees setting the orders 
that now have to solve the problems, they origi-
nally have created. This lay within the “First-time 
quality” thinking according to Permobil Lean 
system (Table 5). 

An optimal WIP-level is the last idea within the 
final concept, which aims for evener the WIP 
connected to the Custom station. By controlling 
the WIP, the result showed that Permobil could 
maintain an evener product flow and a shorter 
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time between order start and finished order. Ac-
cording to document provided by Permobil, the 
average waiting time in the custom buffers is 18 
hours and 31 minutes, which would represent 86 
% of the throughput time within the Custom sta-
tion. In this thesis, this data was considered as 
most relevant compared to our own data that 
showed an average waiting time of 1 hour and 27 
minutes. The difference between these data is due 
to the fact that our own data did not take into 
account if the chairs were remaining in the buff-
ers one day to another, which the data provided 
from Permobil did. By minimize the WIP, the 
buffers will be reduced and the TPT will there-
fore be shortened. The result from the VSM 
agrees that PPFT involves uneven buffers. Due to 
the data we used in order to perform the VSM 
(Appendix 13), one of the buffers before the cus-
tom station could vary between 12 chairs one day 
to 2 chairs another day, for just giving one exam-
ple. With this idea, the buffer size would be more 
regular. Due to the fact that Permobil is a HMLV 
company, a complex material flow is unavoidable 
(Irani, 2011). Having that said, the idea was mod-
ified with support from the feedback from the 
workshop Thinking Hats. The modification that 
was done from the original solution proposal to 
have a constant work in progress (Appendix 8), to 
having an optimal level to aim for, not necessary 
a level one have to keep. This so that the Line 
would not be stopped due to lack of chairs. We 
believe that this would make it possible to main-
tain the possible factors and at the same time 
adapt the idea so it is suitable for an HMLV-
company. By having a high WIP, Newdold 
(1998) state that the time-to-market and the quali-
ty are affected badly. Thus, We believe that by 
controlling the WIP-level, other problems will 
come up to the surface and that Permobil could 
control their production system in a more ade-
quate way. A difficult factor in this idea was to 
determine an appropriate WIP- level. By equation 
(1), The optimal WIP-level was calculated to 7 
pieces. Today, on the same area, the WIP-level 
can be calculated to 22 pieces based on the VSM 
in Appendix 11, and the fact that approximately 
50 % of the total chairs is custom chairs. Using 
the Little’s Law, this would mean that the chairs 
will go 4 hours and 20 minutes faster from order 
start to finished order in PPFT. We believe that a 
WIP-level as 7 is reasonable, required that no 
problems occur, but in order to make sure that 
this solution works, a level at 10 pieces is to rec-
ommend. Because it is hard to determine if the 
optimal WIP-level could work, we think that 

Permobil should try out and successively reduce 
the WIP-level.  

8.3.  Sustainability 
By making Permobil´s production more efficient, 
the company will have a greater opportunity to 
get to retain their production in Sweden. This 
contributes to a better financial situation for both 
Permobil as a company and Sweden as a country. 
Our solution includes a major focus on eliminat-
ing waste, which reduces costs, and thus makes 
Permobil production more efficient, which leads 
to obtaining a competitive attractive company on 
the market. Through an efficient production, 
more wheelchairs can be manufactured and 
through this reach more customers.  

It is important from a sustainability perspective 
that peoples equal value is obtained, and that the 
society does not prevent people from making 
their needs. Our concept will help Permobil to 
increase their production and will lead to that 
more customers will get as far as possible a nor-
mal life, which is important to maintain a social 
and sustainable society. Our solution will also 
contribute to less wastage because of constant 
elimination of waste and that the resources are 
used where they are most needed. The final con-
cept will not decries the ecological sustainability, 
rather in the long run lead to a better sustainabil-
ity. 

8.4. Relevance 
The developed concept concerns, first and fore-
most the Custom station and is therefore most 
relevant for that department. However, the con-
cept also involves and affects other departments 
in PPFT, and will therefore largely affect the 
entire company. This means that there are many 
employees within Permobil that in some way are 
affected by our final solution concept. The em-
ployees have been in the center of our focus when 
developing solution proposals and have been an 
important aspect during the whole thesis. Some 
say that Lean production has a negative impact on 
the working environment (Hasle, Bojesen, Jensen 
and Braming, 2012). We believe that by putting 
the employee in the center from the beginning, 
the final concept contributes to a better work 
environment due to less stress, leveled workload 
and better communication within the Custom 
station but also to other departments and officials. 
We also believe that our final concept contributes 
to clearer work instructions and better well-being 
for the employees. Because the employees have 
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been involved in the development phase, we be-
lieve that the concept is well-developed for the 
employees and therefore has a great relevance for 
the users of our concept.  

Since our final concept entails to reduce waste, a 
smoother product flow and a shorter throughput 
time, our concept is of great importance for Per-
mobil as a company. We believe that our solu-
tions are in line with what Permobil themselves 
striving towards and therefore will be a good and 
relevant complement to their own process of de-
velopment. By having controlled buffers and 
achieve shorter throughput times will the delivery 
reliability to the customer be strengthened. As 
mentioned, the concept contributes to a more 
pleasant workplace, which leads to more satisfied 
employees, and will thus become a more attrac-
tive and stronger company.  

Companies have recently changed focus from 
mass production to a more flexible production, 
where companies offer a variety of products in 
varying volumes (Teknikföretagen, 2013). This 
thesis describes the development of improve-
ments in a production with the character of an 

extremely flexible production and is therefore 
relevant to many different none mass manufactur-
ing industries regardless products. Our concept 
shows that it is possible to use Lean Production in 
a HMLV production, even though the theoretical 
framework, in some cases, not recommends it 
(Irani, 2011). The thesis can thus be an example 
to show the opposite, by showing a good result of 
Lean Production despite the discussed turbulenc-
es with a HMLV production (Jina et al., 1997). 
According to Rose and Mikaelsson (2011), the 
work is affected negatively if the employees do 
not have a good wellbeing, which in the long run 
affect the society badly. We believe that because 
our final concept contributes to a more pleasant 
workplace, the employees increase their wellbe-
ing, and therefore affecting the society in a posi-
tive way. We also believe that the final concept in 
a long run, will lead to that more people is getting 
a better everyday life. This due to shorten 
throughput time and more time spared that for 
example can be spend on developing the work 
place. This strengthens the community and since 
Permobil is world spread, the life quality of the 
people around the world could become better.

 



 

RECOMMENDATION 51 

9. Recommendation 
This chapter descirbes the recommendation provided to Permobil in Timrå. The recommendations 
described below will directly and in a long run improve the situation in Permobil´s production and 
contribute for a better workplace for the employees. 

9.1. Recommendation to Permobil 
In order to shorter the throughput time, we rec-
ommend Permobil to implement the following 
solutions, developed for the Custom station; 

! Implement a meeting place to exchange per-
spectives regarding order data 

! Develop a sales document to create a standard-
ized approach that allows each order to have 
the same basis 

! Implement a help signal to move the work of 
solving the order problems closer to the origi-
nal source 

! Move the short jobs to eliminate transportation 
time between the Custom station and the Line 

! Implement a modified CONWIP system to 
minimize WIP 

! Log times to save data for future planning of 
Custom orders 

Our solution will in a short run, improve the pro-
duction flow and working environment at Permo-
bil. By reducing the products transportation times 
while move the short jobs, the throughput time 
will shorten 2 minutes per chairs, which entails 
that 31 minutes will be saved each week. We 
recommend Permobil to minimize their WIP. In 
order to have a reasonable result is Permobil rec-
ommended to firstly reduce the WIP-level to 10 
pieces to successively strive toward 7 pieces that 
according to our calculation is the most optimal 
WIP-level. By minimizing the WIP-level of cus-
tom chairs to 7 pieces, the total WIP will be re-
duced by 15 chairs, thus the throughput time will 
be 4 hours and 20 minutes shorter per custom 
chair. 

Our solution will in a long run, improve the pro-
duction flow and working environment at Permo-
bil. By logging times of the custom chairs, use a 
standardized sales document, conduct meetings 
and by using the help signal, at least 4.5 hours 
each week will be released as resources. Better 
communications and stronger influence for em-

ployees will also be achieved as a result of im-
plement our final concept.  

Permobil is recommended to further look for an 
already developed computer system for the sales 
document, if they decide to proceed with this 
solution. They are also recommended to look at 
whether there is a computer system that is able to 
adjust and divide the timings in, value added time 
and non-value added time, for the solution, log 
times. Further work, also includes to look closely 
if the solution, modified CONWIP, can be im-
plemented to other departments in PPFT and thus 
get a leveled and more controlled buffers 
throughout PPFT. Another recommendation is to 
take a closer look at using daily planning at the 
Custom station, because it will lead to a more 
even flow and decreased buffers at the Custom 
station. 

Further recommendations have been developed 
for PPFT in general; 

! Balancing the Line. By balancing the Line, 
Permobil will achieve the future goal of reduc-
ing the takt time without increasing the work-
load for the employees. It will also contribute 
to a more even distribution of the workload and 
reduce the risk for employees to feel stress. A 
balanced line can thus contribute to a better 
workplace, both from a production and an em-
ployee perspective.  

! Involve the employees. The employees should 
have high-perceived involvement of their work 
across all departments in PPFT. If the employ-
ee is involved in their work, they will experi-
ence the work environment as positive. It is ex-
tremely important to involve the workers in or-
der to implement the final concept. It is also 
important to convey the purpose of the solu-
tions to the employees to have a positive result.  
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10. Conclusion 
This chapter aim to answer the research questions that were formulated in the initial stage of the the-
sis. This was done in order to summarize the project. The chapter continues with a description on how 
the outcome of this thesis is consistent with the aim and objectives.  

10.1. Research questions 
The research questions are answered in following 
section. 

 
The result shows that, from a production perspec-
tive, the throughput time can be optimized by, 
minimizing the WIP and moving the shorter cus-
tom jobs. From an employee perspective, the 
throughput time can be optimized through better 
influence and communication in the departments 
in PPFT. It is more likely for the employees to 
have a positive attitude towards changes, if they 
feel involved. Therefore, it has been a very im-
portant aspect in the development phase.  

 
The theory indicates that difficulties can appear 
when implementing the Lean philosophy in a 
company with HMLV character (Irani, 2011). 
However, our concept shows that by modifying 
Lean philosophy, the concept can be implemented 
and remained in a HMLV company. The key is to 
have an understanding that the companies with 
this type of appearance may encounter more ad-
versity than a mass production company. Howev-
er, it should be emphasized that Lean Production 
can be modified to the individual company. The 
thesis has from the beginning been based on the 
Lean philosophy, where the final concept is 
founded. The major challenge has been the large 
product range. A solution to this challenge has 
been to use a modified WIP level that will con-
tribute to an optimized throughput time.  

 
Through the analysis, factors affecting the 
throughput time have been identified. The biggest 
factor is the uneven buffers, which are difficult to 

control and these buffers are at a plurality of loca-
tions in Permobil´s production. Order difficulties 
in the Custom station, long throughput time 
throughout PPFT and sequencing difficulties for 
the order planner, are also crucial factors that 
affect the throughput time. 

 
Through the implementation of a meeting place 
and the help signal, the involvement and partici-
pation of the employees will increase, which has 
been identified as a critical factor for maintaining 
a good working environment (Oudhuis & Teng-
bland, 2013). Hence, employee’s involvement has 
been an important part throughout the thesis. 
Through the implementation of a meeting place 
and the help signal, the employees will become 
more involved. All the solutions, will in a long 
term contribute to a better working environment 
as the identified obstacles are eliminated, thus 
avoiding unnecessary work for employees and 
that employee’s knowledge and experience is 
taken advantage of.  

Project objectives and aims 
The objective during this project was to optimiz-
ing Permobil´s production flow in order to reduce 
the throughput time for their products. The goal 
has been achieved by developing a final concept 
that will contribute to a reduced throughput time. 
The recommended concept includes solutions for 
both long and short term, which will contribute to 
a smother production flow, while maintaining a 
good working environment for the employees. 
The solutions have a wide scope that creates a 
well deliberate concept both in a production per-
spective, as well as an employee perspective.  

The aim of this thesis was to map and analyze the 
production at Permobil. This was done to provide 
a final solution purpose that both are adapted to 
the Lean philosophy and the HMLV characteris-
tics of Permobil. The aim has been a consistent 
mindset throughout the project, which resulted in 
a relevant final solution recommendation.   

How can the throughput time in PPFT be 
optimized through a production and employ-

ee perspective? 

How can a throughput time optimization be 
applied to Permobil as a Lean-company with 

HMLV characteristics?  

What factors affect the throughput time of the 
products and where can they be identified in 

PPFT?  

How can a good work environment be estab-
lished in the optimization of throughput time?  
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Appendix 2. Risk Analysis 
Table 1. Work process risks 

Risk 

Proba
bility 

(1-5) 

Conseq
uence 

(1-5) 
Value 

(P*K) Arrangement 
Wrong problem formulation 2 5 10 Critical thinking 

Irrelevant theory  3 3 9 Plan the time and communicate with 
the supervisors 

Rework  2 4 8 Plan time with margins and use the 
supervisors 

Unclear limitations 2 4 8 Communicate with the supervisors 

Workload becomes too large 3 2 6 Follow the timetable  

Poor communication with the 
supervisors 

2 3 6 Continuous meetings 

Lost documents 1 5 5 Using OneDrive, a cloud storage 
program 

Poor communication within 
the project group 

1 3 3 Continuous meetings. What are the 
plans for this week? What have been 
managed during the past week? 

Unforeseen events 3 1 3 Plan to be ready ahead of schedule 
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Appendix 3. Survey to the employees 
 
Frågor om rullstolarna som produceras i Timrå 
Vi ska analysera hela produktionssystemet utifrån rullstolarnas flöde. För att kunna göra detta skulle 
vi behöva er hjälp. Om ni skulle vilja svara på några frågor kring detta hade det varit väldigt 
värdefullt för oss. Tack på förhand! 

Generellt 
• Upplevs arbetet med rullstolarna som stressigt eller finns det gott om tid? Om det är stressigt, 

vad beror det på? 
 

• Är stolarna lätthanterliga eller är de svåra att arbeta med? 
 

• Är det vanligt att kvalitén på materialet till stolarna är dålig? 
 

• Är det vanligt att det saknas material som ni behöver till ert arbete med stolarna? 
 

Planering 

• Finns det tydliga instruktioner på hur ni ska hantera rullstolarna? 
 

• Blir ni tillräckligt informerade vid en orderändring? 
 

Organisation 
• Blir ni tydligt informerade om något i arbetet ska förändras? 

 

• Känner ni att ni kan vara med och påverka vid förändring av arbetet? 
 

Slutligen undrar vi om vad ni tycker är de vanligaste problemen med rullstolarna I produktionen? 
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Appendix 4. Checklist of Deviation  
Analysis 
Table 1. Checklist 
Function Deviation 
Technical T1. General function Departure from the normal, intended or expected 

functioning of the system 
T2. Technical function Failure of component of module, interruption to 

energy supply, etc.  
T3. Material (in a wide 
sense) 

Deviation from the usual, unusual size, wrong 
delivery date, poor quality, wrong quantity, etc.  

T4. Environment Poor light, bad weather, unusual temperature, waste; 
any temporary disruptive state of the environment 

T5. Technical safety 
functions 

Safety devices are missing, defective or inadequate, 
such as interlocks, monitors, and machine guards 

Human H1. Operation/movement  Slip or misstep in manual tasks 
H2. Maneuvering Lapse or mistake in control of the system 
H3. Job procedure Mistake, forgetting a step, doing subtasks in the 

wrong order 
H4. Personal task planning Choosing an unsuitable solution, violations of rules 

and safety procedures and risk-taking 
H5. Problem solving Searching for a solution in a hazardous way 
H6. Communication Communication error with people or the system, on 

either sending or receiving a message 
H7. General Inconsistency in system demands on personnel, 

concerning skills or knowledge 
Organizational O1. Operational planning  Non-existent, incomplete or inappropriate  

O2. Personnel management  Inadequate staffing, lack of skills  
O3. Instruction and 
information  

Inadequate or lacking, e.g., no job instructions  

O4. Maintenance  Inadequate or routines not followed  
O5. Control and correction  Inadequate or routines not followed  
O6. Management of change 
and design  

Inadequate routines for planning, checking and 
following-up  

O7. Competing operations Different operations interfering with one other 
O8. Safety procedures Missing, inadequate, disregarded 
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Appendix 5. Evaluated matrix 
 
List of obstacles in PPFT 

1. Inadequate communication 
2. Order difficulties 
3. Unclear work instructions 
4. Uneven work task distributions  
5. High workload 
6. Uneven buffer before the station 
7. Insufficient influence in the work 
8. Constantly changes in work tasks 
9. Long throughput time 
10. Inadequate follow-up of custom order  
11. Sequencing difficulties  
12. Inadequate cooperation between the Custom teams 

Table 1. Evaluation of obstacles listed above 

Risk Matrix 
Consequence 

Minor Medium Large 

Pr
ob

ab
ilit

y Frequent 8, 10 9, 11 6 

Probable 3 7, 12 2 
Remote  4 1, 4 
Unlikely   5 

 
Table 2. Evaluation of requirements 
 
Requirements 8. 7. 6. 5. 4. 3. 2. 1. % 
1. Avoid rework 0 0 0 1 0 1 0 

 
6 

2. Correct order information 0 0 0 1 2 2 
 

2 11 
3. Even flow 0 1 0 1 2 

 
0 1 8 

4. Fixed buffer size 0 1 0 1 
 

0 0 2 7 
5. Good communication 0 1 0 

 
1 1 1 1 10 

6. Good work environment 2 1 
 

2 2 2 2 2 21 
7. Increased product flow 1 

 
1 1 1 1 2 2 15 

8. Meet the customers' need 
 

1 0 2 2 2 2 2 18 
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Appendix 6. Result, Deviation Analysis 
Table 1. Deviations 
Block Deviation Code Consequence  
General Inadequate communication H6 E1, O1, P2 

Disarranged workplace T4 E1, P1, S1 
Monotonously work H3 E2, P1, S2 
Unclear instructions O3 E1, O1, P2, S1 
Understaffed O2 E2, P2, S2 
Overstaffed O2 E1, O2 
Stressful work H3 E2, P2, S2 
Incorrect work description O3 E1, P1 
Instructions are not followed O4 O1, P2, S1 
Order errors O1 O2, P2 
Errors while introducing new products O1 E1, O1, P2 
Material breaks T3 E1, P2 
Missing materials T3 E1, P2 
Quality problems of material T3 O2, P2 
Technical problem (computer systems) T2, H2 E1, O1, P1 
Uneven work task distribution O1 E2, P1, S1 
Low impact on work situation O1 E2, P1 
Overtime O1 E2, O1 
Inaccurate blaming if something goes wrong H7 E2 

Planning Uncertainty in the stock system T3 O2 
Difficulty with order planning T3 O2 

Organization Untutored staff O2 O2, P1, S1 
Unskilled management staff O2 E2, P2 
Rivalry between work stations O7 E2, O1, P1 

Line Start Incorrect assembled H1 O1, P2 
Tool problem T2, H2 E1, P1, S2 

Preassembly Delayed parts to line T3 E1, P2 
Incorrect assembled H1 O1, P2 
Tool problem T2, H2 E1, P1, S2 

Line Concern about shortening of takt time H7 E2, P2, S1 
Work passes over takt time H4 O1, P2 
Incorrect assembled H1 O1, P2 
Tool problem T2, H2 E1, P1, S2 

Adjustment Large buffers T3 O2 
Uneven flow (out of station) O1 P2 
Incorrect assembled H1 O1, P2 
Tool problem T2, H2 E1, P1, S2 
Machine problem T2, H2 E2, O1, P1, S2 

Control Defective chairs goes through H1 O2 
Large buffers T3 O2 
Uneven flow (into the station) O1 E2, P2 
Tool problem T2, H2 E1, P1, S2 

Packaging Delayed deliveries T1 O2 
Large buffers T3 O2 
Uneven flow (into the station) O1 E2, P2 
Machine problem T2, H2 E2, O1, P1, S2 
Tool problem T2, H2 E1, P1, S2 
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Appendix 8. List of solution proposal 
Organization solution proposal 
1. Modularization 
Use a standardized approach that allows each order to have the same basis and performed in the same 
way. By dividing the different types of adjustments into modules makes it easier to produce and 
interpret orders.  

2. Daily planning (backward plan) 
The planning is changed from weekly to daily. This is done with a backward planning. 

3. Letter Classification 
The chairs that come to the Custom station will be classified according to letters so that the employees 
know what order they should prioritize. The letters can be classified by the time-categories the groups 
use today and guidelines can be found on how many of each class to be made per day / week / month. 

4. Log times 
Get the workers to follow a system that trigger an order. Get the employees to understand that it can 
be used for their benefits and that it will be easier to follow up the times so that the time will be more 
reasonable than today.  

5. Shopping page 
Create an image bank that salespeople can use when they are with the customer, in similar form to 
when you shop clothes from a website. These could be summarized in different collection names and 
have the same system worldwide. Example a seat, armrest or a bag adjustment. There would be an 
“other" or "major adjustments" that is the special jobs that require a discussion with the mechanic 
over what can be done to meet customer needs. 

6. Order guidelines 
There should be guidelines available for both the planning department and the order department. They 
should agree on a system of sequencing the order and the order of time setting.  

7. Standardized sequencing 
Adding the "rules" that the planning department uses today in a computer system so that the 
sequencing does not stand or fall on one person.  

8. Simulation Model 
Building a simulation model of the production. By creating a simulation-model of the production can 
an analysis of various scenarios be made before the changes are implemented in reality. Examples of 
what can be simulated are the impact on throughput time and capacity of equipment investments, 
product mix, shifts, and WIP.  

9. First-In, First-Served 
The chairs in the buffers are in a queue and the chair, which came first to the buffer, is the chair that 
the workers should start working on first. 
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Solution proposal within PPFT 
10. CONWIP 
Use a fixed number of buffers for each Custom team. When a person takes a chair out of the 
buffer, a signal is sent to the Line, which can thus trigger a new Custom chair. In this way, the 
WIP is maintained constant (CONWIP). In this proposal should a distinguish between 
Custom chairs and direct chairs already have been made at Line start. It would be preferable 
to have two lanes into the Line. 

11. Meeting place  
Have a meeting place for the order department and the Custom station. This adds to facilitate 
communication between the employees who work with orders and adjustments. Here the 
problems and clarifications can be picked up and these departments would through this be 
able to work better together.  

12. Visual schematization 
A digital screen that shows how the available time is divided between the mechanics and who 
is working with which chair.  

13. A screen as the line 
Use a screen just like the screen in the line (Figure 22). In the screen, every mechanic has a 
square/circle that is green if they are "free", gray if they work with a chair and yellow if they 
encountered a problem and needs help. Every day is determined which of the teams that will 
act as Andon and have a responsibility of helping others if problems arise. 

14. Classified buffers 
Use classified buffers. For example, three places for short jobs, two for the middle jobs and 
one for long jobs. Then WIP is verifiable, and thus the buffer sizes. 

15. Move the short jobs 
Short jobs are moved to a station that is connecting to the Line. These chairs do not need to be 
moved to the Custom station, which in this case get a shorter throughput time. The same staff 
of the Custom station will staff this station.  

16. Divide the teams into classes 
The first team works with chairs in class 1. Team 2 works with class 2 and team 3 works with 
class 3 and up. This could be done with a rolling schedule, for example a weekly schedule. By 
doing this, the teams need to cooperate and the communication will thus hopefully be getting 
better. It could also help the planning department with the planning of the Custom chairs. 

Work environment solution proposal 
17. 5S 
The workers should work with 5S, which is orderliness 

18. Involve workers in changes 
The workers should be involved in any changes affecting their workplace. 
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Appendix 9. Proposals, pros and cons 
Table 1. Positive and negative things about the solution proposals 
Proposal Pros  Cons 
1. Modularization Facilitates the order setting  

Simplifies the work for the sellers 
Hard to implement 

2. Daily planning 
(backward plane) 

Easier planning 
Improved throughput 

Puts demands on system 
support 

3. Letter classification 
 

Clearer prioritization 
Shorter throughput time 

Uneven distribution between 
the teams 

4. Log times 
 

An investment to get better order 
data 

Takes time from the employees’ 
work 
The employees could feel that 
they are controlled 

5. Shopping page 
 

Facilitates the order setting 
Clearer orders 
Simplifies the work for the seller 

Demanding implementation 
Difficulties to update 

6. Order guidelines 
 

Clearer orders Hard to implement 
Difficulties to update 

7. Standardized 
sequencing 
 

Increases the expertise in planning Lack of system support 

8. Simulation Model 
 

Will facilitate for improvements Requirement for input  
Time consuming 

9. First-in, First-Served 
 

Chairs will not be standing in the 
buffer 
Shorter throughput times 

Uneven flow 
Requires a good mix of chairs 
and good planning 

10. CONWIP 
 

Smoother flow 
Controlled buffers 

Requires accurate order 
planning 
Difficulty with the product 
variation  

11. Meeting place 
 

Everyone gets their voice heard 
Exchanges of perspectives 
All are informed 

Must wait to address problems 
Can be unstructured 
Feels unnecessarily  

12. Visual schematization Clarify which jobs that have been 
started  

The employees could feel that 
they are controlled 

13. A screen as the line Better collaboration between the 
teams 
Seeing (?)Visualize the whole 
picture  

 

Difficult to implement 
Can be a negative attitude from 
the workers´ 
Can be too much divided 

14. Classified buffers Better control of WIP Long jobs should not have a 
buffer 

15. Move the short jobs Shorter throughput times 
Smoother flow 
Reduce WIP 

No system support today 

16. Divide the teams into 
classes 

Faster throughput time 
Easier to plan 

Can be uneven distribution 
between the teams 

17. 5S Organized workplace 
Safer workplace 

Time-consuming 

18. Involve workers in 
changes 
 

Better well-being 
A more positive attitude  

Can take extra time from their 
work tasks 
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Appendix 10. Proposals evaluation 
 
Table 1. Solution proposal involving problems and requirements 

 
 
 
Table 2. Evaluation of solution proposal relative to the requirements 
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Appendix 11. VSM, General 
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Appendix 12. Detailed data 
The amount of chair that takes 1h is annually 815 pieces, which are approximately 17 pieces every 
week. The distribution between the classes is showed in Table 1. From Table 1, the percentage of the 
1 hour jobs compared to class 1 can be calculated to 59, 8 %. The time save by moving these chairs is 
showed in Table 2. With a time of 107, 5 seconds per chair, the timed saved every week is estimated 
to 31 minutes. In Permobil, there are annually 47 workweeks. This gives a total available time of 
961150 minutes. The difference between the planned order hours and the actual hours is showed in 
Table 3. This means that approximately 25 minutes per order is missing. According to data provided 
by the Custom station, 52 % of the orders had the wrong time. Table 4 shows data regarding order 
problems. The table shows that approximately 73 minutes per order is misguiding time and that 
approximately 26 minutes is missing in the planned order time. Table 5 shows the time saved if the 
employees in the custom station does not have to go up and control the order data, based on 10 
minutes’ communication with the employee setting the order. The data shows that 4.5 hours per week 
could be saved. According to the personnel in the Custom station, one order takes approximately 30 
minutes to solve, this would mean 12 hours per week.  

Table 1. Distribution of classes 

 
Table 2. Time saved by moving chairs 

 
Table 3. Difference between planned and actual order hours 

 
Table 4. Order problems 

 
Table 5. Time saved by eliminate order problems 

 

Type of chairs Annual amount (pcs) Percentage (%) 
Class 1, 0-3 h 1361 62,7 
Class 2, 4-15 h 624 28,8 
Class 3, 16-30 h 115 5,3 
Class 4, 31 ~ h 70 3,2 
Total 2170 100,0 
1 h jobs 814 37,5 
1-3 h jobs 547 25,2 

 

 Path Time (sec) Average (sec) Difference (sec) 
Line à A1 à Control 109.0 144.0 107,5 
Line à A2 à Control 132.0 
Line à A3 à Control 191.0 
Line à Control (close) 29.0 36.5 
Line à Control (far) 44.0 

Values Time (h) 
Planned (12 months) 13 176 
Actual (12 months) 14 083 
Difference -908 
Average (per week) - 19,3 

 

Class Time wrong (min) Per chair Cumulative time (min)  Per chair 
0-3 h -2125.8 -51.8 325.8 7.9 
3-15 h -6156.0 -212.3 -2112.0 -72.8 
16-30 h -1182.0 -394.0 -822.0 -274.0 
31~ h -1110.0 -555.0 -1110.0 -555.0 
Total 10573.8 -72.9 -3718.2 -25.6 
     

 

Team Time (min) Average (min) Per week (min) With 10 min chat 
A1 73 79.3 31.7 271.8 
A2 70 
A3 95 
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Appendix 13. Data of current state 
Table 1. Data collected from the whole PPFT 

 

Table 2. Data of the different station in the Line 
Stations 

 
R1 R2 R3 R4 TOR K1 K2 K3 K4 K5 K6 K7 K8 K9 K100 Takt 

Max 7 10 13 9 7 10 9 10 9 10 11 8 9 12 16 13 
Ave 3 4 7 4 4 5 5 5 2 4 4 4 3 3 9 4 
Min -1 -3 0 -2 0 -4 0 -2 -6 -6 0 -2 -4 -5 -1 -1 

 

 

 

 

 

Station Employees CT (min) Buffer (pcs) Waiting time (min) 
Order planning 1 Direct (6, 2, 1) 23 409 

Custom (6, 3, 1)  
Line start 1 (6, 8, 13)   
Preassembly 4 F01 (2, 31, 163)   

 
 
 
 
 
 

F02 (1, 5, 8) 
F03 (6, 9, 13) 
F19 (2, 7, 14) 
F20 (3, 12, 31) 
F21 (1, 13, 23) 
Total (1, 13, 163) 

Line 18 R01 (9, 13, 17) (1, 3, 5) (18, 50, 89) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R02 (6, 12, 19) 
R03 (3, 9, 16) 
R04 (7, 12, 18) 
TOR (9, 12, 16) 
K01 (6, 11, 20) 
K02 (7, 11, 20) 
K03 (6, 11, 18) 
K04 (7, 14, 22) 
K05 (6, 12, 22) 
K06 (5, 12, 16) 
K07 (8, 12, 18) 
K08 (7, 13, 20) 
K09 (4, 13, 21) 
K100 (0, 7, 17) 
Total (6, 12, 18) 

Custom 14 Class 1 (6, 94, 180) A 1 (1, 4, 7) (18, 68, 124) 
Class 2 (210, 419, 900) A 2 (1, 4, 10) (18, 79, 178) 
Class 3 (930, 1300, 1860) A 3 (2, 5, 12) (36, 87, 213) 
Class 4 (1980, 3169, 6300) Total (8, 13, 22) (142, 234, 391) 

Control 2 (15, 18, 26) Direct (0, 2, 5) (0, 40, 89) 
Custom (0, 7, 12) (0, 124, 213) 

   Total (0, 9, 13) (0, 164, 231) 
Control, Adjustment 3 (15, 62, 95) (1, 4, 7) (18, 68, 124) 
Packaging 1 (15, 17, 19) (1, 8, 20) (18, 144, 356) 
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Appendix 14. VSM, Preassembly 
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Appendix 15. VSM, Custom 

 
 



Appendix 16. (1/1) 
VSM, Line 

 

Appendix 16. VSM, Line 
 

 

 

 


