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ABSTRACT 
This master thesis was performed in collaboration with Scania Ferruform in Luleå, with the purpose to 
create an efficient, rational and safe workplace at the unloading station of the crossmember painting line. 
The mission from Ferruform was to investigate and analyse flaws, risk, and bottlenecks with regards to 
flows, ergonomics and material handling. The project aimed to create a vision that could guide present 
and future development, followed by an implementation strategy consisting of concrete measures of both 
layout and organisational character. The vision is: 

“Create a work situation that is rooted in Scania's production system and characterized by efficiency, 
rationality and safe working conditions, where committed individuals can be challenged and developed” 

 

The research questions that has guided the project are: 

1. What problem is the basis for the ergonomic situation at the crossmember painting? 
2. How can an efficient and rational workplace be created at crossmember painting? 
3. What does Ferruform need to do to create a safe and sustainable work environment at the 

crossmember painting? 

 

The first step was to map the current state and identify problems with regards to process and organisation. 
This was done by using participative observation, interviews, user participation, overview analysis and 
Scania’s intranet. Apart from previous studies, the main problems that the mapping identified was 
consequences of frequent downtimes, shifts being isolated and having unique work methods, unsafe 
work environment, and finally that tools and aids for reducing harmful lifts are not used.  These problems 
and their consequences were analysed with regards to the current research in work science, behavioural 
science, and by using methods such as Fault tree analysis and proximity chart. 

One of the most important conclusions was that downtime, apart from compromised production 
volumes, affected the work situation negatively. Operators compensate for downtime by working faster 
and unsafe to reach the weekly production goals. Additionally, a middle manager role has disappeared in 
favour of meeting the production goals. This has severe consequences on the organisation of work and 
among others, ergonomics. The proximity chart showed that placement of functions in the production 
system is not based on logic, resulting in safety issues, intersecting flows and inefficient handling of 
materials.  

To counter the identified problems, three different layouts were developed and evaluated using the 
specification of requirements. The concept with highest score was further developed and detail designed. 
It is called “Wing” and separates humans and forklifts, has a centralized material buffer and redundancy 
for downtime. The concept allows for safer work environment, and efficient flows. The required changes 
are arranged in three steps, each with increasing capacity. The final concept together with the 
implementation plan, which present recommendations on how the final concept could gradually be 
implemented and what organisational changes that are needed, shows that productivity and rationality 
can coexist with a good work environment, where both humans and the production system can flourish.  

 

Keywords: Production development, layout design, strategies for implementation, safe work 
environment, ergonomics in production, Scania production system, downtime and consequences, 
material control system  
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SAMMANFATTNING 
Examensarbetet är skrivet i samarbete med, och på uppdrag av Scania Ferruform i Luleå. Syftet med 
arbetet och därmed rapporten, är att göra tvärbalksmåleriet till en effektiv och rationell arbetsplats. 
Uppdraget från Ferruform var att grundligt analysera och utreda avlastningsstationens nuläge för att 
identifiera brister, risker och flaskhalsar och ta fram, samt eventuellt implementera, ett eller flera 
förbättringsförslag med fokus på smidigare flöden, förbättrad ergonomi och bättre resursfördelning. Målet 
för projektet var att generera en vision för framtidens arbetssituation vid tvärbalksmåleriet samt upprätta 
en implementeringsplan bestående av konkreta delsteg och förslag för hur den ska nås. Visionen lyder: 

”Skapa en arbetssituation som präglas av effektivitet, rationalitet samt säkra arbetsförhållanden, och är 
förankrad i Scanias Produktions System där engagerade individer får utmanas och utvecklas.”  

Implementeringsplanen består av tre steg som vardera innehåller tekniska samt organisatoriska 
förändringsförslag.  

 

De frågeställningar som har väglett projektet är  

1. Vilka problem ligger till grund den ergonomiska situationen vid tvärbalksmåleriet. 
2. Hur kan tvärbalksmåleriet effektiviseras och styras mer rationellt. 
3. Vilka åtgärder är nödvändiga för att skapa en säker och hållbar arbetsmiljö? 

 

Arbetsgången har varit iterativ och präglats av brukarmedverkan. För att få en gedigen grund och riktig 
bild av nuläget gjordes deltagande observationer, intervjuer och workshops. De huvudsakliga problemen 
som identifierades var att driftstopp skedde frekvent, att arbetsmiljön var osäker, att skiftlagen arbetade 
på olika sätt och saknade ett fungerande informationsflöde, samt att de tillgängliga ergonomiska 
hjälpmedlen inte används. Problemen och dess konsekvenser analyserades utifrån forskningsläget inom 
arbetsvetenskap, beteendevetenskap och bland annat Lean principer.  

En viktig slutsats från analysen var att driftstoppen, utöver produktionsbortfall, påverkar arbetssituationen 
mycket negativt. Bland annat behöver operatörer kompensera för produktionsbortfallet genom att arbeta 
för snabbt och osäkert för att i slutet av veckan ha uppnått produktionsmålet. En mellanchefsroll har även 
försvunnit till följd av detta och fått allvarliga konsekvenser för arbetssituationen. Analysen visade även 
att produktionslayouten saknar logik i hur arbetsstationer placerats i förhållande till varandra, vilket 
resulterar i allvarliga konsekvenser för arbetsmiljön.  

För att åtgärda de identifierade problemen med arbetsmiljön togs tre layout förslag fram som utvärderades 
utifrån en kravspecifikation. Det vinnande konceptet togs vidare till detaljdesign och utvecklades så 
småningom till det slutgiltiga förslaget ”Wing”. I layouten är människor och truckar helt separerade och 
erbjuder därmed en säkrare arbetsmiljö, samt att materiallagret har centraliserats i förmån för en 
rationellare och effektivare arbetsplats. De förändringar som behöver göras i lokalen för att bygga om till 
Wing summerades i tre steg och är inkluderade i implementeringsplanen, tillsammans med de 
organisatoriska förändringsförslagen som krävs för att uppnå en hållbar arbetsplats som frodas.  

 

Nyckelord: Produktionsutveckling, layout- design, implementeringsstrategi, arbetsmiljö, ergonomi i 
produktionsmiljöer, Scania Production system, driftstopp och konsekvenser, materialstyrning 
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1 INTRODUCTION 
The master thesis was written and conducted by two production engineering students, Adrian Johansson 
and Arvid Marklund at the Luleå University of Technology. The work was performed throughout the 
spring term of 2019 at Scania Ferruform in Luleå. It aimed to create an efficient, rational and safe 
workplace at the crossmember painting line’s unloading station. This was achieved by identifying reasons 
to observed issues with the current workplace and its environment.   

	
1.1 Context 
This chapter aims to describe why Ferruform decided and composed the description of the mission as 
well as the context in which the project was performed. It starts with a short description of Scania and 
its production system. It is followed by an introduction of Ferruform and the Crossmember painting line 
which is the area of investigation for this master thesis with an emphasis on the problematic areas. It is 
concluded with the mission that was formulated by Ferruform.  

	
1.1.2   Scania 
The Swedish company is most well- known for its heavy trucks, owning around 16% of the European 
market share by 2017, and an additional 7% of the European market on buses according to Volkswagen 
Group (2018). Completely owned by Volkswagen Group since 2015, their transportation solutions are 
sold and delivered all over the world. In Europe, the components are manufactured in three plants and 
assembled on five locations which require meticulous planning and stable production with high 
deliverability, especially since many components from different production sites coincide in the Just in 
Time characterized assembly lines.  

Inspired by the Toyota Production System, Scania developed the Scania Production System, illustrated 
in figure 1.  

 

Figure 1-The management philosophy applied in all departments is characterized by encouraging participation and 
responsibility which through standardisation, consumption-controlled production and right from me makes ground for 
continuous improvements 
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Scania’s business model and competitiveness lie in its capability to produce large volumes while still 
deliver highly customized products. This is achieved through their module system where the customer 
can adapt the design to meet the required demands. Designing the interfaces of the articles allows them 
to be compatible with each other which yields a high level of customization and flexibility with a 
relatively low assortment of articles.  

 

 Ferruform 
With a yearly revenue of just over 1,2 billion SEK (https://www.allabolag.se), Ferruform in Luleå 
Sweden, manufacture crossmembers, sidemembers, rear- axels and housings, bumpers and some specific 
bus components. Some products are shown in Scania’s pictures below, Figures 2, 3 and 5. Even though 
the manufacturing site is wholly owned by Scania, Ferruform is a stand-alone subsidiary company 
delivering the earlier mentioned components to assembly plants such as Scania in  

 

Södertälje, Zwolle, and Angers as well as on a weekly basis to St Petersburg, and occasionally batch 
deliveries to Sao Paulo. The articles are manufactured by cold forming, turning, milling, punching, and 
welding, mostly done using robots. 

 

 Crossmember painting line 
The last process for all articles is the painting and packaging process. At the crossmember painting line, 
the crossmembers, and all other parts except for the rear- axles and sidemembers are processed before 
being shipped to assembly locations. The process at the crossmember painting line is visualized in figure 
5. Arriving on wagons from a buffer, the articles are hanged onto hooks connected to trolleys mounted 
in the ceiling that transport the products through the treatment process. The surface is sandblasted, 
cleaned and primed with ED paint before entering the first furnace where the paint cures. After cooling, 
the products are coated with powder paint before the second curing in another furnace. This marks the 
end of the product processing and the beginning of the packaging and shipping process that takes place 
in the red- marked area in figure 5, visualized in greater detail in figure 6. 

Figure 3- Rear Axle Figure 4- Air suspension beam Figure 2- Crossmember 
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Figure 5- Product flow with the different processes marked. (1)- Loading (2)- Blasting. (3)- ED painting. (4)- First curing. (5)- 
Powder painting. (6)- Second curing. (7)- Unloading station. 

While some articles occur more frequently than others, the nine different main article types each require 
their unique packaging process 

Depending on what type of article is arriving from the curing furnace, the trolleys are either sent to 
Unloading station 1 or Unloading station 2 in the unloading zone, illustrated in Figure 6.  Passing 
through the Quality Gate, a quality inspection is performed, and articles are either discarded or wrapped, 
packaged into crates and shipped to the assembly location or customer. The operators unload the articles 
at the stations. The work task is characterized by heavy lifting and repetitiveness when unloading the 
articles and clearing the trolleys of hooks on which the articles were loaded. Other work tasks at the 
unloading zone assigned to the operators are providing packaging materials and moving pallets and crates 
with articles, all done by using forklifts. 

 

Figure 6- Unloading area 
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1.2 Background 
Ferruform identified several factors leading to an unhealthy work environment at the unloading station 
of the crossmember painting line. The packaging process of the crossmembers requires bulky packing 
material and the vast variation in articles and the sequence cause unpredictability and difficulties when 
forecasting the right amount of packing material required to meet the production goals. Furthermore, 
this uncertainty causes the packing material to occupy the needed space for the production workers. 
Another factor leading up to the motive of further investigating and improving this working station was 
that Ferruform identified urgent ergonomic issues with the working situation that today characterize the 
workplace. This conclusion was reached after conducting an internal analysis called RAMP II. Their 
current assumption is that the heavy and repetitive lifts affect the muscles in an unhealthy way resulting 
in a high risk of attaining musculoskeletal disorders. 

 

 Problems identified by Ferruform 
Since the different flows of untreated products, trolleys and hooks, packaging material, crates, pallets and 
forklifts all coincide in the unloading area it gives an impression of being hectic, cramped and chaotic. 
There are many crossing flows and the amount of packaging material that is piled in the unloading zone 
results in inefficient handling and unsafe working conditions. In figure 7, an illustration of how the 
crossmember painting line looks is presented.  

 

Figure 7- Unloading station with all functions placed 

 

Additionally, investigations performed by two of Ferruform’s physiotherapists using the ergonomic 
assessment tool RAMP II, suggest poor ergonomic working conditions for five out of six products 
included in the investigation. The sheer weight of the products is problematic, even without considering 
the repetitive nature of the work. Lifting aids have been developed to counteract this problem but are 
seldom used by the operators. 

 

Forklift area

Unloading station

Loading station

Trolley line

Arriving trolley

Operator

Quality gate

Crate

Conveyor belt

Hook wagon

Trolley buffer line

Stock



 9 

1.3 Mission 
The concerns regarding an inefficient production with a chaotic work environment together with the 
ergonomic concerns that the RAMP II tool suggested makes the ground for the description of the 
mission that was formulated by Ferruform 

To thoroughly analyse and investigate the current state to identify flaws, risks, and bottlenecks; and, if 
possible, implement one or more improvement- measures with a focus on more effective flows, 
improved ergonomics and better allocation of resources. 

In accordance with the Industrial design engineering education, areas that include organisation was 
mapped and analysed since neither technical, social nor the informational systems are independent of one 
another. Our approach was to weave these areas together to deliver a complete, sustainable, achievable 
improvement suggestion that can make for a safe and productive work environment.  

	

 Purpose, aim and research questions 
The purpose of this project is to enable efficiency, safety, and rationality at the crossmember painting 
line. Our goal for the project is influenced by the purpose and formulated as follows: 

To present a vision for Ferruform to strive towards as well as a framework for development and 
implementation to act as a guide to reach that vision. The framework consists of concrete measures and 
suitable strategies to apply. 

 

Having this as background for the project, the research questions that guided the work were: 

1. What problem is the basis for the ergonomic situation at the crossmember painting? 
2. How can an efficient and rational workplace be created at crossmember painting? 
3. What does Ferruform need to do to create a safe and sustainable work environment at the 

crossmember painting? 

 

 Scope 
The project will stretch over 20 weeks and focus on the unloading station at the crossmember painting 
line. While other factors are affecting the unloading station, these are investigated in relation to their 
effect on the concerned station. The project will stretch over the course of one term and generate a 
vision for the unloading station in Ferruform’s pursuit of creating an effective and rational workplace. In 
order to reach the vision, measures will be presented and recommended, but the authors do not take it 
upon themselves to fully implement, neither deliver technical solutions to the employer, meaning that 
the master thesis is of an investigative nature. Improvement measures that are presented are suggestions 
based on theories from the field of human work science, and calculations are made with some element 
of approximation. 

 

 Stakeholders 
It is in Ferruform’s interest to provide their employees with a safe and healthy work environment that 
results in an effective and rational workplace that yield high-quality products. This increases their 
deliverability to assembly plants and also their profitability. Apart from Ferruform’s motives, assembly 
plants and end-customers, the operators will work in a less stressful workplace where their physical health 
is not jeopardized by heavy and repetitive work which is a win-win situation for both mentioned parties. 
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Surrounding departments may also be affected since restructuring and rebuilding opens up for occupying 
space that may prove very useful for the crossmember painting line operation. 

 

 Thesis outline 
The report is structured in such a way that it provides a short background and presentation of the context 
in which the master thesis has been done. The next chapter introduces the reader to the theoretical 
foundation on which this report has been written. Here, important theories and research are compared 
and presented. In the Method chapter, the process of the project is presented along with the methods 
that have been used in mapping the current state as well as the analysis of it. Furthermore, the process of 
developing the final concept is presented. It is structured in such a way that it explains what the method 
is, why we chose to use it, how we used it, and who participated in using it. A discussion of the performed 
methods concludes the chapter.  

The next part is constituted by a description of the current state. In this chapter, all findings that 
contribute to making the working situation into what it is today is presented. The next chapter digs into 
these problem areas and displays underlying causes for why they occur. From this chapter, a specification 
of requirements sums up our findings that are applicable for concept development and evaluation.  

In the concept generation chapter, the results from idea generation, concept development and evaluation 
of the concepts. In the final concept chapter, the detail design is presented along with a three-step 
implementation plan that deals with technical and organisational changes. The suggestions are connected 
to the Scania Production System along with a motivation to why we believe each measure is important. 

The project's relevance is then discussed along with a critical review of the process and project as a whole. 
Furthermore, the conclusion answers our research questions and recommendations for further work are 
presented. 
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2  THEORETICAL FRAMEWORK 
This chapter presents the theoretical field which the project used to support and strength decisions and 
arguments. The theoretical framework consists of three sections, each section presents and discusses 
theories relevant to the research questions.   

 

2.1 Section 1 
This section first presents theories that explain the underlying reasons for the occupational 
musculoskeletal disorders that the RAMP II method identified, as well as their connection to lean 
manufacturing. Followed by theories concerning work environment and how lean manufacturing can 
result in both negative and positive outcomes regarding health factors. Furthermore, this section discusses 
the vast benefits of a well-established work environment and how the organisation can alleviate the 
negative effects of musculoskeletal disorders. The section strives to explore the first research question: 
What problem is the basis for the ergonomic situation at the crossmember painting line? 

 

 Lean production and work environment 
Lean production can be said to be a concept that includes methods that have been inspired by Toyota's 
production system and whose overall goal is to improve the work process, increase efficiency and 
productivity (Brännmark, Langstrand, Johansson, Halvarsson, Abrahamsson & Winkel, J. 2012). What is 
interesting is that today there is a great variation on how lean production is practiced. Different 
organisations use lean ideas in different ways, and some organisations only use individual methods or 
tools (Joosten, Bongers & Janssen, 2009). The situation in Sweden, for example, has traditionally been 
influenced by the socio-technical school which emphasizes participation, codetermination, learning, 
development, social community and variation in work (Johansson & Abrahamsson, 2009). This is 
important to take into account when implementing lean production in Swedish organisations. The 
strategy should be to integrate them with socio-technical principles to find a favourable balance and 
achieve prosperity.   

Studies that examined changes in the working environment over time in relation to lean production 
show both potentially negative and positive effects. Whether the outcome is positive, or negative is 
according to Eklund, Halvarsson, Lundqvist, and Lindskog (2016) determined by how lean production 
is interpreted and implemented by the organisation. Brännmark and Eklund (2013) mean that lean 
production can lead to an improved overview of work, improved flow in the production process, better 
order at the workplace, a better physical work environment, reduction of risk and more efficient working 
methods. Conversely, Eklund (1997) describes that some negative outcomes of lean production can be 
increased stress, shorter work cycles, increased repetitively and less stimulating work.  Brännmark and 
Eklund also report that long term positive effects of lean production can be shown in better participation 
and increased opportunities for learning and development due to continuous improvements and 
problem-solving. These reports were based on studies on Swedish organisations, which in general are 
influenced by the socio-technical ideas. 

According to an investigation made by IF Metall (2002) industrial workers from a wide pool of industries 
perceived that the implementation of lean production had increased the work content and influence but 
also that the cycle times had become shorter and the stress had increased. Furthermore, Börnfelt (2006) 
and Berglund (2010) both agree that shorter work cycles, just-in-time production and standardizing can 
decrease the use of skills and autonomy, which in turn can aggravate health and increase stress. However, 
they also mention that continuous improvements and problem-solving in cross-functional teams can 
alleviate the effect.   
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What's common for the presented theories is that they discuss both positive and negative outcomes when 
implementing lean principles. The discussion is relevant by the fact that the Scania production system is 
based on lean ideas and the unloading station already uses some of its ingoing tools. With regards to this 
master thesis, this creates a perspective of awareness that should be taken to account when optimizing 
the unloading station. For example, if we propose a measure similar to lean-rationalisation and at the 
same time are aware of its eventual consequences, we can also propose the organisational conditions 
which make the measure to function sustainably. Johansson & Abrahamson (2009) states that it is 
important to combine lean rationalisation strategies with socio-technical elements. We have chosen to 
follow the recommendations presented by Johansson & Abrahamson and the mindset is to propose not 
only technical improvements but also the needful conditions to establish an efficient, rational and 
sustainable workplace. 

 

 Physical and psychosocial work environment 
For operators to manage high demands that may cause stress and bad health, a balance with resources in 
the mental or the social environment must be established (Bakker & Demerouti, 2007). Resources consist 
of decision-making space, social support and reward, opportunities for learning and development, 
feedback and leadership. Bakker and Demerouti state that satisfied resources can aid the individual to 
manage the demands and prevent stress from emerging from the beginning, as well as promote 
motivation, performances, individual and organisational development. 

The demand-control-support model defined by Karasek and Theorell (1990), see figure 8, concretises 
the relationship between demands, stress and resources and forms the basis of Bakker and Demerouti 
(2007) research. Regarding demands, Karasek and Theorell refer to both mental and physical demands 
on the work. Mental demands are about workload and time pressure and can occur when the demands 
of the work are higher than the self-control. Physical demands consist of uncomfortable work positions 
and the effort a work task requires to be completed. Control is according to Karasek and Theorell, a 
combination of being able to use individual skills to properly complete the work task, as well as the 
possibility of influencing important decisions in how the task will be carried out. By support Karasek and 
Theorell, refers to social support from colleagues, managers, family, and friends. According to the Karasek 
and Theorell, the social network can reduce psychological stressors cure ill-health at the workplace. 
Moreover, social support also tends to increase the desire to find new knowledge, which in turn can 
increase productivity. Karasek and Theorell also state that social support can increase the identity and the 
feeling of being socially confirmed by colleagues. It is an important driving force to collectively meeting 
the organisation’s goals and well-being. The model forms a trinity and argues that high demands can be 
handled if the control and support are well satisfied. 
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Figure 8- The demand–control–support model of Karasek and Theorell (1990). 

According to Karsh (2006) and SBU (2014b), both physical and psychological risk factors can create 
physical strain in the working environment. Physical risk factors can, according to Karsh and SBU, consist 
of short work cycles, insufficient opportunities for recovery, demands regarding posture and physical 
effort, which in turn can generate physical overwork, strain, exhaustion and back pain. Besides, risk 
factors can also consist of temperature, noise, access to relevant tools and lightning. For example, the 
temperature can affect how operators use tools, which indirectly affects the musculoskeletal load. Karsh 
and SBU both agree that if the resources, as defined by Bakker and Demerouti (2007), are poorly satisfied, 
it poses a risk for attaining musculoskeletal disorders. Furthermore, SBU explains the connection in 
question with that stress caused by psychological risk factors, can give rise to muscle tension, which in 
turn imply the same type of issue as with physical load. According to SBU, physical strain interacts with 
psychosocial factors, such as repetitive work, which can cause not only muscle tension but also mental 
stress. In AFS 2012:2 (2017) three measures to reduce strain and stress during repetitive work are 
described, see below. 

 

• Job rotation (work rotation) means that you switch between different tasks with similar content. 
• Extension of work means that several different tasks are brought together, where certain 

supplementary tasks, for example, maintenance and cleaning can also be included.  
• Work enrichment means that the employee has broader tasks with different skill and qualification 

requirements, for example, by adding elements such as some planning of the work structure, 
control of work results or customer contact. 

 

In conclusion, the presented theories provide different methods for compensating operators in a 
production system that causes great physical and mental efforts. The theories also see musculoskeletal 
disorders from another perspective, not only as a result of heavy manual work. Physical and psychosocial 
ill-health might as well be caused by organisational inadequacies than by purely heavy work. This can 
be of great value for this master thesis when developing the new workplace to make sure that the 
rationalisation strategies and the new layout also is compensated for with organisational measures like 
them presented in this section.  
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2.2 Theory of planned behaviour 
To explain how an intention towards a certain behaviour is formed, Arnstein (1969) stipulated a 
framework that derives the intention towards the behaviour to one’s attitude towards it, the subjective 
norm, and beliefs of control. 

Using the framework, it is possible to calculate whether or not an intention will be positive, to perform 
the behaviour, or negative, to abstain from the behaviour, as visualized in figure 9. The scores of attitude, 
subjective norm, and, perceived behavioural control are multiplied by empirically derived weights (w1, 
w2, w3, in the example below). The final score represents the behavioural intention towards the 
behaviour.  

 

Figure 9- Schematic on the framework of TPB, illustrating how it is used 

The general approach is to rank belief strength and multiply it by the ranking of some sort of evaluation 
towards that belief. It may look something like in table 1. The products are then added together and 
form an overall perception of the advised behaviour.  

 

Table 1- Example of summarizing and evaluating beliefs 

Beliefs Belief strength Evaluation of behaviour Product 
Smoking is bad for your health 3 -3 -9 

Smoking is cool 2 3 6 
Overall attitude towards 

smoking 
  -3 

 

Behavioural 
beliefs & 

evaluation 

Attitude 
towards 

behaviour 

Normative 
beliefs & 

motivation to 
comply 

Subjective 
norm 

Control 
beliefs 

Perceived 
behavioural 

control 

Intention Behaviour 

Actual 
behavioural 

control 

- 6 

2 

8 

(-6 * w1) + (-2*w2) + (8 * w3) 
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Attitude towards a behaviour is the result of evaluating and summarizing beliefs of the advised 
behaviour. As implied, many beliefs can be summarized and evaluated and form a general attitude.  

 

The subjective norm is formed by the normative belief - the perception of what others expect - 
together with the motivation to comply with those norms. For example, the motivation to comply with 
norms may differ depending on what social context or group an individual finds herself, whether it is 
friends, family, shift etcetera. Just like for attitude, many beliefs and motivation to comply with those can 
be summarized and together form the subjective norm. The motivation to comply may differ depending 
on the normative beliefs of different groups. In the context of the crossmember painting line, this may 
be my perception of how my peers think I should act, versus my perception of how my superiors think 
I should act. If there is a divide between these two groups, the motivation to comply may conflict. 

 

Perceived behavioural control is formed by Control belief strength and Perceived power. Control 
belief strength can be formulated as the perceived likelihood that a facilitating or constraining condition 
will occur. 

 

The ergonomic situation at the crossmember painting line has no simple explanation for being the way 
it is. The articles are the way they are, and the lifting tools are the way they are. However, choosing to 
use the tools and thus reducing physical strain comes down to beliefs and intention towards using them. 
This theory can cover many aspects that explain the final perception such as perceived effectiveness of 
tools, normative beliefs of using them and efficacy in using them.  

 

2.3 Section II 
The selected theories in this section are meant to describe what efficiency and rationality mean according 
to the lean initiative and how it can be translated and used in the Scania production system. Starting with 
explaining the concept of rationalisation. These theories are used to explore our second research 
question: How can an efficient and rational workplace be developed at the crossmember painting line? 

 

 Rationalisation 
The meaning of the term rationalisation was first defined at the World Economic Conference in Geneva 
in 1927, ‘'the methods of technique and organisation designed to secure minimum waste of either effort 
or material''. The definition is still legitimate today and corresponds very well with the mission from 
Ferruform. When rationalising the new workplace, it should be done according to this definition, with 
regards to effort or material. In this master thesis project effort can be equated with manual handling of 
packaging, and material, equated with an inventory. Furthermore, the definition of waste has been 
interpreted by many different aspects over time. The American Engineering Council (1921) defined 
waste as lost production attributable cause by either faulty management or unused material, plant, 
equipment, and men. This, in turn, can be caused by owners, management, labour, ill health, physical 
defects, and accidents. The presented definition thus links the concept about rationalisation to the 
theories in section I. Work environment and health are interrelated with the concept about 
rationalisation and should, therefore, be included in this sort of development. Important to add is that 
the original definition of rationalisation also includes the outcome assessed by financial metrics, something 
which lies outside the scope of this master thesis. A refinement of the concept of waste, based on the 
thoughts of Ohno (1988) and the definition presented above, was done by Liker (2004). In the 
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rationalisation strategy called lean, he defined value-adding and non-value adding operations. The terms 
aimed at the portion of process time that was spent on operations that creates value for the customer. 
This mindset will be the foundation of how the current state is observed and analysed in this master thesis 
project, this is further described in the next chapter.  

 

 Lean manufacturing and the Scania production system 
When searching in the literature today, efficiency and rationality concerning production are often 
mentioned in the same context as lean principles. The general philosophy with the lean initiative is to 
add value to the production process by reducing wasteful operations, categorised as the seven wastes 
(Ohno, 1988). Moreover, lean manufacturing can be seen as a set of tools that can be used to eliminate 
wastes and improve overall customer value (Liker, 2004). Since the Scania production system (SPS) has 
been greatly inspired by lean principles and contains many of the ingoing tools, it is reasonable to discuss 
the meaning of lean manufacturing and how the concept aids to accomplish efficiency, as well as the 
similarities with the SPS.  

Since lean manufacturing nowadays is synonymous with efficiency and rationality, it is of interest to 
examine what constitutes a lean-inspired production system. Wilson (2004) defines lean manufacturing 
as a system that: 

 

• Is built on a strong foundation of process and product quality 
• Has a focus on quantity control to reduce cost by eliminating waste 
• Is fully integrated  
• Is continually improving  
• Is perpetuated by a strong healthy culture that is managed consciously, continuously and 

consistently 

 

By definition SPS already covers the areas presented above, making the characteristics of lean 
manufacturing relevant for this master thesis project. We will now translate Wilson's (2010) definition 
with regards to this master thesis project and see how efficiency and rationality can be established in the 
SPS.  

Firstly, Wilson (2010) argue that lean manufacturing demands a strong foundation with regards to process 
and quality. Liker (2004) also mentions that without a strong foundation that consists of a predictable 
and stable process, higher forms of lean manufacturing cannot be implemented with an effective 
outcome. The SPS consist of a block called levelled flow, which highlights the importance of 
predictability and stability in production. The area of interest is thereby proven to be in line with the 
Scania production system and is relevant for this master thesis.  

Secondly, Wilson (2010) states that quantity control should be used to eliminate waste. A possibility to 
accomplish a better allocation of resources, which is requested by Ferruform, is thereby to oversee the 
current quantity control system. Furthermore, reduction of wastes is also something that is included in 
the SPS and is thereby legitimate to include in this project.  

Thirdly, Wilson (2004) argues that lean manufacturing is something that is fully integrated. The 
translation, in this case, relates to the theories about participation, work culture, and motivation described 
in section I and III. Efficiency and rationality are accomplished by motivated, driven and involved 
employees, the conditions that make this possible must be included in the package for improvement.  
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Fourthly, Wilson (2004) states that lean manufacturing is something that always is moving forward and 
continuously improving itself. The SPS already includes the lean principle regarding continuous 
improvements, however, it is reasonable to investigate how the tool is managed today and if it acts like 
the innovation machine it is supposed to do. The idea of establishing a culture that sustains the gains is 
something that we believe is extremely important and is something that can create long-term efficiency.  

Fifthly, Wilson (2004) states that by a consciously, continuously and consistently way of management, 
lean manufacturing can be preserved. This is a guideline for a long-term approach which only will be at 
the discussion level.  

In conclusion, both Wilson (2010) and Liker (2004) emphasize that optimizing work situations with lean 
ideas requires organisational changes as much as pure rationalisation of processes and material. Later in 
this section, we will expand the discussion by presenting Philips (1997) ideas of why both areas of research 
must be overseen when designing layouts. It is reasonable that this master thesis project should establish 
an efficient and rational workplace through technical and organisational measures. We also want to make 
sure that the changes we suggest comply with the Scania production system to gain validity and to easier 
implementation, which thus forms the basis for this discussion. Before the theories regarding the technical 
measures are brought up, the nemesis which counteracts lean manufacturing must be brought to the 
table, the archenemy of lean, namely variation.  

 

 The arch-enemy of lean manufacturing 
The arch-enemy of lean manufacturing is variation. The variation in a production system is an 
unavoidable parameter. It affects every element in the process and every part in the manufacturing of 
products. Variation is found in materials, manpower, structures, methods, measurements and in the 
environment surrounding the manufactured products from cradle to grave (Wilson, 2010).  

Variation interferes with good product quality, stability rate, operating costs and bottom-line profits 
(Wilson, 2010). Procedures that reduce the variation in a production system is the most fundamental and 
important matter for production development and should always be prioritised. It is of great importance 
that variation is understood, sought out and eliminated continuously.  

Both Wilson (2010) and Liker (2004) states that to achieve process stability and process capability as well 
as create a steady-state on which lean ideas can be built, variation needs to be systematically reduced. 
However, all systems have variation and all systems need some level of inventory to maintain the rate. 
But since inventory is regarded as a waste, it also has to be reduced. The challenge is to properly balance 
inventory and the degree of variation reduction.  

According to Wilson (2010) and Liker (2004), understanding and eliminating variation is important for 
reaching a stable process. In the SPS this condition is called the normal state. Since both Wilson and 
Liker strongly advocate eliminating variation, it also appears in the SPS, strengthening the relevance for 
this master thesis.  

 

 Cellular layout 
In literature, the composition of layout planning, lean ideas, and efficiency usually consist of two different 
types of production logics; (1) line layout (2) cellular layout. According to Philips (1997), what 
distinguishes the two logics is that line layout is more suitable for mass production of similar products 
and cell layout is to prefer when producing a wide variety of products. Since the products that are being 
handled at the unloading station are of a wide variety the following discussion will be regarding cellular 
layout.  
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Philips (1997) describes three factors that affect every plant layout in general and every cell layout in 
particular, the three major P factors. The factors in question are; (1) People issues; (2) Procedure issues, 
(3) Process issues. Philips underlines that people-related issues far overweight the other two P factors. In 
cell design, people issues cannot be overstressed and are utterly important, something that Wilson (2010) 
and Liker (2004) agrees with.  

Philips (1997) also explains that a cell can still operate effectively with less than perfect procedures and 
processes but cannot operate effectively without all of the people issues being resolved. A cell design 
process must include resolving people-issues and cannot proceed to implementation before it is 
accomplished. The reason why, according to Philips, relates to the fact that in a cell each operator is 
immediately dependent on his crew members, each operator becomes a key person, and everyone is 
dependent on one another. This is of relevance to this master thesis project since the unloading station 
at the current state is classified, or at least very similar to a cellular layout. Since the line layout, as 
described by Philips, is not suitable for this type of production, the cellular similarities are likely to remain 
after our optimization. It is thereby of interest to oversee the people-issues in this master thesis project.  

Philips (1997) defines an effective cell layout as a layout where all major P's have been addressed, the 
reason why, Philip argues, is because all issues are interrelated to some degree. Since one aim of the 
project is to design a better layout, the holistic view on layout design that Philip recommends will be 
considered. A perspective that is about developing the conditions to reduce the people-issues for the 
layout to become as efficient and rational as possible.  

According to Philips (1997), successful cells that perform assembly are usually designed in a U-shape to 
allow for mutual assistance. In practice, a U-flow enables the operators with available slack time to assist 
those operators that do not have enough time to complete their task. It is, according to Philips, 
particularly important to shape the layout to allow favourable conditions for mutual assistants since it is 
the work team's capability that determines the cell's productivity. He also states that small buffers and 
small batches are required for a cellular layout to be effective.  

 

 Inventory control system 
Since inventory and buffers can be viewed as waste, it has to be controlled and overseen properly to 
achieve an efficient and rational workplace. Inventory can accumulate and diminish, therefore at some 
point, it has to be refilled to still function as a buffer. Owens and Warner (1996) argue for three different 
types of inventory control systems; (1) Fixed order size, variable order interval system; (2) Fixed order 
interval, variable order size system; (3) Combined system. 

The first-named is called the order-point system and implies that a specific quantity of the material is 
ordered whenever the inventory is reduced to a predetermined level, called order point (Owens & 
Warner, 1996). This way of inventory management implies control over every specific item and aids to 
minimise the excess inventory on a single-item basis. The order-point system is less suitable when 
transportation is complicated and time-consuming since it requires high demands on synchronized 
transportation schedules and accurate batches sizes.  

If the order interval is fixed and the order quantity varies, the order is made at the same time each 
ordering occasion and with a quantity that is determined by remaining stock and not yet delivered 
shipments (Owens & Warner, 1996). This kind of inventory management is suitable when the demand 
has a great variation and it is complicated to define a specific order quantity. Moreover, the system is 
flexible compared to the order point system. However, this flexibility requires great effort every ordering 
occasion due to inventory inspection for each item. The one who orders also needs to have great insight 
into the overall process and be able to properly estimate future needs.  
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The third and last inventory control system is a combination of the two presented above. In such a system 
the inventory is inspected on a fixed basis and is only refilled after the inventory has been reduced to the 
order point (Owens & Warner, 1996).  

During the development of the unloading station, we will investigate which type of these three inventory 
control systems is the most suitable for establishing a structure that minimises buffers and consequently 
saves space, work effort and reduces wasteful operations.  

 

2.4 Section III 
In this section, we will present theories that describe the organisational investments, changes and safety 
procedures that need to be implemented when lean rationalisation is applied. The technical 
improvements need to be balanced and compensated by organisational actions to establish a sustainable 
workplace. These theories are used to explore our third research question: What can Ferruform do to 
provide a safe and sustainable work environment at the crossmember painting line? 

 

 Obtaining a sustainable production system during lean rationalisation 
Westgaard and Winkel (2011) investigated in their systematic review, how occupational musculoskeletal 
and mental health can be affected by production rationalisation and how organisational measures 
alleviated the negative outcomes. A specific section in the review examined a group of lean rationalisation 
strategies. Half of the studies performed on this group reported a negative outcome regarding health 
factors, such as increased workload and stress. The studies concluded that rationalisation had increased 
the production volume and work intensification without adjusting the work environment for the new 
demands as well as excluded worker involvement. The studies that reported positive outcomes had 
identified work involvement in the rationalisation process, which had improved quality, training, 
customer orientation, job enlargement/enrichment, and team building. The combined result indicated 
that the outcome from different lean rationalisation strategies vary much between studies, probably due 
to how the lean practices had been implemented in the organisation, something that Joosten et al (2009) 
confirms.  

Westgaard and Winkel (2011) introduce so-called modifiers that can be included in the rationalisation 
process to improve health outcomes. The modifiers were used and evaluated during the review and are 
summarized in the list below.  

 

1. Worker participation in the rationalisation process is associated with improved health or risk 
factor outcome. 

2. Information about the rationalisation process and the anticipated result is associated with 
improved outcomes. 

3. Worker participation in the production process is associated with improved outcome 
4. Group autonomy is positive when there is low work process interdependence between groups 
5. Inclusive management style is associated with improved outcome  
6. Organisational support is associated with improved outcome  
7. Procedural justice is associated with improved outcome  
8. Social support at work is associated with improved outcome 
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The resulted from Westgaard and Winkel’s review constitute an arsenal of measures that can be used to 
establish a sustainable workplace during the implementation of lean-inspired practices at the unloading 
station. The modifiers regarding organisational and social support are already accounted for in Section I, 
with Bakker and Demerouti (2007) resource model as well as with Karasek and Theorell (1990) demand-
control-support model. The following parts of this section will present and discuss the modifiers 
regarding participation, motivation, and management approach when facing collective resistance.  

 

 Participation 
To get a fair picture of the concept of participation during development both the advantages and the 
disadvantages need to be discussed. Participation is not always suitable during development and can 
sometimes even be counterproductive for organisations that do not manage it properly.  

In literature, there are especially two advantages that are commonly referred to. The first and most well-
known benefit is that the end-user often possess unique knowledge and experience of the work. Hence, 
their involvement can offer a deeper understanding of the alleged problem as well as provide important 
information during the solution development. The second argument that advocates participation states 
that the analysis, development, and implementation of an improvement measure that is produced with 
participation generate ownership and makes the end-user more committed for implementation (Imada 
and Robertson, 1987; Wilson, 1995b).  

Additionally, participation can also be a learning experience for those involved. The learning can emerge 
during sessions which can provide a productive way to exchange information between different 
competencies and evoke personal reflection. In practice, this can mean that production workers can get 
increased knowledge of their work tasks and organisation as well as accelerate the tendency to improve 
it (Buckle and Ray, 1991). There are not just workers who benefit from participation. For designers and 
other technical specialists, such procedures can improve design effectiveness and ease to abandon 
conventional thinking (Sanoff, 1985). Eklund (1997) describes that participation also can increase the 
motivation and skills, personal development, feedback, better quality solutions and legitimisation of 
worker experience.  

So far, only benefits with participation have been mentioned. However, there are some disadvantages 
and difficulties with the concept that needs to be clarified. Firstly, one needs to consider that the 
involvement of workers is not always so easy to establish or support. To set user-involvement in motion 
management must, first of all, overcome the obstacle of people's unwillingness to get involved (Wilson 
et al., 2005). It often occurs that groups or individuals are resistant to changes that are believed to 
transform their work situation or organisation. This phenomenon is evident in all hierarchy levels within 
an organisation. This can be exemplified by management that sees participation and user-involvement as 
a threat to their right to govern, rather than as an aid (Mumford 1991). Seen from the opposite 
perspective, workers may feel that involvement implies too great demands for their capabilities and 
influence (Bernoux, 1994). Otherwise, it can be caused by the fact that the workers experience that they 
lack motivation, time or energy to be involved in the development (Wilson et al., 2005).  

In conclusion, both advantages and disadvantages have been mentioned here to gain awareness of the 
concept of participation and user-involvement. The area is complex and can be hard to implement to 
gain a positive outcome. However, this is relevant for this master thesis project since the unloading 
station contains operators with skills and knowledge about the process and the manual work, that may 
be of good use when the aim is to improve the workplace. As concluded in section II, 
organisational/people-issues must also be addressed when optimizing a manufacturing process to 
accomplish the best possible outcome. Perhaps user participation can be something that can aid in 
resolving the people issues during this master thesis project. 
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 Workers collective 
The phenomenon of the forming of a collective amongst workers has been observed throughout the 
history of industrial production practice. However, Lysgaard (1961) described this phenomenon in great 
detail and provided reasons as to why it occurs. He describes the phenomenon, that he calls "The workers 
collective" as a protective measure among workers that have to endure unappeasable, inexorable and 
one-sided demands from the techno-economic system. Lysgaard describes the internal norms that 
members in the collective need to comply with in order to be a part of it, as features of a good team 
member involving loyalty, contributing by doing neither more nor less than anybody else and one that 
does not have any secrets about work. 

Fältholm (1998) describes the relationship as a silent agreement of sticking together and minimizing the 
management's insight into the collective's work practice. This is because there is a clear divide between 
"us" and "them" as the management represent the techno-economic system and exercise control over 
the workers and evaluate their work. Where the line between us and them is, may differ but can 
according to Lysgaard (1961) be between shifts, workers and supervisors, and between the people 
working in direct connection with the production and the office personnel.  

Even though the management develops standards on how to perform the job, the workers will do it 
according to the norms dictated by the collective. This is once again due to the management representing 
the techno-economic system from which the collective is protecting themselves. Each suggested change 
or new instruction on how to perform a job can thus be seen as a threat towards the collective as it 
encourages individuals to act differently and may so be a reason for resistance.  

These informal structures and dynamics of groups working in environments with high demands are 
important to understand when shaping, developing and improving the work environment when aiming 
for effective changes. 

 

 Motivation 
Several models aim to describe the nature of motivation. Mainly it is described as an act to reach a certain 
state, goal or satisfy a need. Maslow (1943) argues that need deficiencies result in a behaviour aimed to 
resolve that state. The needs are arranged in a hierarchy of importance and those needs that are met do 
not longer act as motivators. The first need is physiological needs, followed by security, belongingness, 
esteem, and self-actualization. As an example, an individual that has a supply of food, is healthy, feels safe 
and has meaningful social relations is motivated by achieving esteem and self- actualization, while the 
lower needs already have been satisfied and thus, do not motivate the individual.  

Herzberger, Mausner and Snyderman (1959) argues that two factors affect job satisfaction: hygiene factors 
and motivators. The difference in this approach is that the effect of hygiene factors determines whether 
an individual feel dissatisfied or neutral. If the workplace environment would be too cold it would likely 
cause dissatisfaction, while fixing it would not likely result in an individual feeling motivated. At the 
same time, lack of the motivator responsibility is not likely to cause dissatisfaction, but feeling 
responsibility is likely to result in job satisfaction.  

Hygiene factors are Company policy, supervision, and relationships, working conditions, salary, and 
security, while motivators are achievement, recognition, the work itself, responsibility and advancement.  

Neither of these frameworks for describing the nature of motivation and satisfaction is unchallenged but 
Thylefors (2015) argues that they still may be useful since they are common sense, even in an 
organisational context. 
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 Forklifts in production 
At the unloading station, workers perform their tasks close to moving forklifts. It is therefore relevant to 
this master thesis project to examine what theories and prescriptions recommend when designing a new 
workplace which both include forklifts and human operators.  

In an article by Larsson and Rechnitzer (1994), recommendations for reducing accidents are conveyed, 
and one of the most important suggestions were that forklifts, and workers should not operate in the 
same area in the factory or warehouse. In a production facility were both forklifts and humans work, 
they recommend that forklifts should be limited to specific areas where people do not walk. Furthermore, 
the prescription AFS 2006:5 (2016) defines 16 requirements when using forklifts, three of these 
requirements stipulates Larsson and Rechnitzer's recommendation and reads as follows: (1) The use of 
forklifts must be planned and implemented so that ill-health and accidents at work are prevented (2) 
Forklifts may only be used in environments suitable for forklift use (3) Forklift traffic shall, where possible, 
be separated from pedestrian and other activities where people are located. Otherwise, measures must be 
taken to prevent the risks of personal injury. Special attention should be paid to areas with a limited field 
of view and areas where forklift traffic can occur without warning pedestrians. 
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3 METHOD 
This chapter presents the processes and the methods that were used during the project. Starting with 
describing the iterative processes and planning. Followed by methods to involve the user, methods for 
mapping and analysis of the current state, literature research and concept development. These methods 
resulted in a new layout and implementation plan for the crossmember painting line for Scania Ferruform.  

 

3.1 Process 
The project followed a cyclical working process where the main focus shifted from one phase to another. 
The six different phases of "Projektspiralen" described by Ranhagen (1995) and shown in figure 10, are 
performed in different runs, typically two or three, and while each run consist of all phases, the emphasis 
on the different phases will shift for each completed run. The focus of the first run is mainly on planning 
and structuring while including some early ideation, compared with the later runs that are dedicated to 
goals and detail development, rather than, but not excluding planning.  

 

Figure 10- The project process with all six phases marked 

The reason for using this method was due to its representative way of describing how an actual project 
develops. While doing the mapping, some ideas, concepts, and thoughts of solutions emerged, and even 
though the mapping was not complete, these thoughts could be made use of instead of being discarded 
although the project not being in the ideation process. Another advantage was that it allowed for 
modifying the original plan since it changed, not only due to certain phases requiring more time than 
originally thought but also since the aim and with that, the entire focus shifted throughout the project. 

 

3.2 Planning 
During the planning phase, most of the work consisted of defining the five other phases presented in the 
project process. In detail, this meant structuring each phase by determining important decisions, such as 
which methods to use, in which sequence they should be implemented, to what extent the user should 
be involved and what boundaries should be made. In addition to the iterative process described in the 
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previous section, we present a linear planning process to ease the understanding and to show the 
chronological order of the most important parts from each phase. Figure 11 presents the actions we had 
to complete before we had a proper picture of the current state. Its content consisted of identification 
and categorization of problems, analysis of problems, a specification of requirements, and a collection of 
organisational insufficiencies.  

 

 

Figure 11- the linear planning from the mapping of current state and the analysis. 

  

Figure 12 shows the linear planning that covers the period from when our picture of the current state 
was established to when the implementation plan was constructed. 

 

Figure 12- shows important actions that took place after the current state to the completion of the implantation plan 

 

Important to remember is that the linear planning only illustrate the chronological order of the most 
important actions, not the iterative process.   

 

3.3 Mapping of the current state 
This section elaborates on what methods we used in the mapping of the current state and the different 
aspects of it, why they were used and who were involved in doing the method. 

 

 Participative observation 
The purpose of performing the participative observation was to allow for observations throughout a 
longer period and to help identify informal standards, latent knowledge, informal information and also 
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provide a solid understanding of the production system. Since this method was performed early in the 
project, Osvalder, Rose and Karlsson (2010) recommends the unstructured approach where the observers 
take notes on all that might be of interest. 

The method was performed during the second week of the project and lasted over one week. All the 
while, if it was observations, interesting information from conversations or ideas on how to improve 
aspects of the unloading station was written down in a notebook. Throughout the internship, the 
opportunity to perform some of the tasks that the operators normally do was given which resulted in a 
deeper understanding of how the station is organised and how the operators work. Examples of tasks 
performed by us were loading pallet collars into a robot and to refill and supply packing material from 
the buffer stocks to the operators working at the unloading stations. Later in the internship, the focus 
shifted to understanding the unloading station in a larger context and how other factors such as 
organisation, production, and environment play a role in making the unloading station into what it is 
today.  

 

 Unstructured interview  
The method is good for explorative studies and explained by Osvalder et al. (2010) as an interview 
without any specific predetermined questions. Instead, the interviewer is free to ask any questions that 
might be of interest and also to further explore certain areas if they need further explanation. Since the 
results are qualitative, the method requires dedicating a lot of time for analysing the results.  

To complete the observation, this method was used and provided a quite nuanced picture of how the 
operators perceived themselves in relation to their work environment and the organisation as a whole. 
Sometimes we had individual unofficial interviews with the operators, and other times the conversations 
were held in groups, sometimes including as many as 6 operators. If found interesting and relevant for 
the project, notes were taken. However, there were some inconsistencies when describing the 
organisation which was the reason for us doing more interviews on other levels in the organisation was 
needed.  

During the phases mapping of the current state and analysis of the current state, we interviewed the 
operators to gain deeper knowledge about the overall process, occurring problems and solution 
suggestions. At the phases concept development, evaluation selection of concepts and detailed 
development we interviewed the technical department to attain more insight regarding technical 
specifications, such as layout proposals, the capacity of machinery and OPE-statistics (Overall Production 
Effectiveness). Much of the information about the organisation was also attained by this method. The 
interviews included both operators and officials and the method was used continuously in all phases of 
the project.  

 

 Overview analysis 
The operators in all three shifts were given an overview analysis to fill, shown in APPENDIX I. The 
method aims to provide a quick overview of how the operators perceive their work environment 
according to twelve factors regarding the physical and psychosocial working environment and rank them 
on a five- grade scale. The data received from the analysis was put in an excel sheet where it was analysed. 
This method prepared us for the first workshop since we had acquired a first glimpse of the operators' 
perceptions in a general format.  
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 Participation 
During the participatory observations and the unstructured interviews with the operators, we noticed 
that the operators' insights could be of great benefit to the project. To ensure that the operators' 
knowledge and insight were utilized, we choose to work with user participation. According to Imada 
and Robertson (1987) and Wilson (1995b), the end-user can possess unique knowledge and experiences 
of the work, which can be an important resource during the problem identification, the concept 
development, and the implementation. Sanoff (1985) also states that designers can benefit from user 
participation since it can ease to abandon conventional thinking and thereby improve the design 
effectiveness. We arranged several meetings with discussions along with two workshops with each of the 
three shifts during the project. The first meeting was about problem identification, further elaborated on 
in Workshop 1, and the second was to analyse the identified problems from the first meeting with a fault 
tree analysis as described by Osvalder et al. (2010). We facilitated each workshop and guided the 
participants to individual reflection and group discussions. The meetings involved only operators and the 
production coordinators (PS) by reason to let the reflections and discussions run free without the risk of 
reprisals by managers.  

 

 Workshop 1 
The first workshop was performed on Wednesday 13/2 and Wednesday 20/2 to let the production 
workers reflect and discuses all possible problems concerning the crossmember painting line. Since the 
work is divided into three different shifts, the workshop had to be held on two different occasions over 
two days. Two shifts performed the workshop on the first day with nine respective ten participants and 
the third shift performed the workshop on the week after with twelve participants. There was no 
limitation to just consider the unloading station since such limitation was thought to inhibit the reflection 
process. The workers had 5 minutes to write down all the problems they could think of. They placed 
the conceived problems on a whiteboard, divided into three categories; work environment, production, 
and organisation shown in figure 13. The result was discussed in the whole group.  

 

Figure 13- Categorisation of conceived problems 
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 Mapping of organisational structure and the flow of information 
After the first workshop, we were interested in mapping the structure of the organisation and the flow 
of information within. We did this by studying organisational charts and interviewing persons on 
different levels in the organisation. Based on the information received from the first workshop some areas 
were of particular interest; 

 

• Through whom information travel according to the standards and descriptions, and if it differs 
from the practiced way  

• The feedback system 
• Forums for exchanging information 

 

We did this for two reasons. The first was to gain further insight into how, when and for whom the 
information- system fails. The second reason was to investigate if the organisation had something to do 
with the issues regarding the work environment that were identified during the overview analysis, the 
first workshop and the RAMP II. According to Bakker and Demerouti (2007), Karasek and Theorell 
(1990) and SBU (2014b), the organisation impacts both the physical and psychosocial work environment. 
Since the work environment can affect the motivation and performance, as well as, individual and 
organisational development, we reason that it was important to investigate. 

 

 Mapping of the production 
In parallel with the mapping of the organisation and the flow of information, we examined the overall 
production process and its associated flows. We had attained some knowledge about the field during the 
participative observations which we now expanded with more unstructured interviews of both operators 
and officials. By doing this we gained knowledge about specific details and central production decisions. 
We also used Scania's intranet to get access to drawings of the production system to examine its structure 
and in-, and outgoing parts. The intranet also provided important information about the production 
systems' OPE and occurring downtimes.  

To map the different flows that had any connection to the unloading station, we made schematic sketches 
based on the new information. The procedure was to draw the different flows as continuous lines in a 
2D-plan view of the unloading station. Each flow was assigned a specific colour to easily distinguish 
them from each other and identify intersection points. The purpose was to understand the problems 
concerning the unloading station from a logistic point of view, identify disturbances in production and 
define associated operations. At this point, we also examined the buffers, handling of packaging material 
and the usage of forklifts.  

 

 Literature review 
After the mapping of the current state, we performed a literature review to investigate if the things we 
had learned could be explained in the theory. In detail, it meant to understand the contextual overview 
of the production system and the behaviour of the workers around the unloading station, as well as the 
information flow characteristics and the structural basis which the organisation is built on. There was also 
an interest in searching for theories concerning layout planning, the organisations impact on the work 
environment, user participation and usage of forklifts. We did this by reading books and scientific articles. 
The books were mainly course literature from the industrial design engineering education. The main 
purpose was to get knowledge about optimizing production systems, ergonomic features, and usage of 
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suitable methods regarding data collection, analysis, and ideation. Some writers who were of special 
interest were Jeffrey K. Liker, Robert Karasek, Töres Theorell, Lonnie Wilson, Mikael Brännmark and 
Jörgen Eklund. We found the scientific articles by using the databases Google Scholar and Scopus, with 
the keywords: ´´lean and work environment´´, ´implementation of lean ´´, ´´lean rationalisation ´´, 
´´inventory control system´´, ́ ´participation´´, ́ ´workers collective´´, ́ ´motivation factors´´ and ‘´forklifts 
in production´´, just to mention a few.  

 

 Problem identification 
Before we entered the analysis, we went through all the material from the mapping of the current state 
and sorted out the problems that we considered to be in line with the assignment given by Ferruform 
and problems which could be connected to the development of the unloading station. We categorised 
the problems into two areas: (1) Production and (2) Organisation. The reason why we did this was that 
the mapping of the current state overviewed a large part of the crossmember painting line, not only the 
unloading station. The act served its purpose with regards to providing us with information that was 
useful when telling the difference on which problems belonged to the unloading station and which 
belonged to earlier functions in the production chain. However, in the analysis, it was only problems 
that could be linked to the layout, work environment and the operator's well-being at the unloading 
station that was of interest. By doing this we had concretised the mapping of the current state and created 
a structure that facilitated the analysis and aided us to continue on the right path.  

 

3.4 Analysis of the current state 
In this phase, we analysed the problems found in the problem identification. The problems were analysed 
by methods such as fault tree analysis, user participation, chart of relation and later connected to the 
information we had obtained during the mapping of the current state. We used theories to help us 
understand the consequences each problem inflicted on the production system and the operators working 
within it, as well as, what causes them and how they can be eliminated.  

Depending on whether the data for a specific problem was qualitative or quantitative, the analysis method 
differed. The general process for the analysis of qualitative data was to find the roots of a problem which 
was mainly done through discussing among each other, searching in literature, asking questions to 
concerned people and breaking the problem down into subproblems. For the quantitative data, the 
analysis was characterized by identifying patterns and trends in the data, usually done by somehow 
visualizing the data. 

The analysis resulted in a specification of requirements that were used to evaluate the layouts that were 
generated from the concept development.  

 

 Fault Tree Analysis 
The fault tree analysis (FTA) is a method that aims to find the underlying reasons for a specific situation 
or state to occur according to Osvalder et al. (2010). It starts by defining the undesired main state or 
situation and then define what possible events lead to that state. The event is then further divided into 
sub-events. By repeating this method, the underlying reasons for the main state or situation cannot be 
divided any further which means that the main reason has been found. If two or more reasons combined 
lead to a specific state, an AND gate is used, and if one reason alone is sufficient for resulting in the 
parent situation, an OR gate is used. 
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From participative observation and the literature review, it was clear that identified problems did not 
only have one main cause but several. Thus, this method has thought useful to find what the underlying 
reasons for a problem to arise might be. We used the fault tree analysis to break down problems such as, 
"Bad ergonomics at the unloading station" into subproblems, and furthermore compared each FTA to 
see if any of the problems had a common denominator. Afterward, we discussed the identified causes 
and analysed with suitable theories. Noteworthy is that most of the problems handled by this method 
resulted in organisational and environmental subproblems.  

 

 Workshop 2 
In workshop 2, the operators from each shift were to perform a Fault tree analysis described in the 
previous section and were divided into groups each consisting of three to four individuals. The different 
groups were then assigned a main event and verbal instructions on how to perform the FTA. The three 
main events were synthesized from workshop 1 by looking at the most occurring themes under the three 
categories, work environment, organisation and production. Since the conceived problems differed 
between the shifts different main events were used. Our role in the 25- minute session was to go between 
the groups and facilitate them in breaking down the main event they were assigned. 

The reason for doing an additional FTA with the shifts was to use their expertise to explain the problems 
that they perceive with their work environment. In total, 12 people from each of the three shifts 
participated in the exercise. We compiled the operators and our analysis to attain a result. The outcome 
of this method was mainly used during the development of the organisational parts of the result and 
understanding the current state.  

 

 Chart of relation  
To analyse the problems that were connected to the layout we used a chart of relation, described by 
Philips (1997). According to Philips, it is an effective method to determine the proximity needs of the 
different functions of a workplace. The method is about listing all the functions that belong to the 
workplace on a chart with a top row and leftmost column and then gradually determine each relation. 
The generated result is a valuable foundation for layout planning when the placement of functions is of 
greatest interest. The degree of the required vicinity was divided into four levels; functions that needed 
to be close to each other, functions that were preferable to keep together, whose vicinity did not matter, 
and those who should be kept apart. We used the result during the layout planning to give functions a 
relevant placement with consideration to their proximity needs, group similar functions, create logical 
and non-coinciding flows and to move away non-relevant functions.  

 

 Specification of requirements  
In the analysis, the identified problems that were of significant importance were discussed and deduced 
into the underlying reasons along with the consequences they have in the workplace and how they 
manifest. Osvalder et al. (2011), finding out what problems should be solved and what demands should 
be met, when designing the new concept. The problems that were mentioned in the analysis and were 
applicable for evaluating layout concepts were included in the specification of requirements, aimed to 
determine what a suitable layout could look like. When the specification of requirements was created, 
we moved on to the phase of concept development.  
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3.5 Concept development  
This chapter describes the process and methods used when developing the layout concepts presented in 
the concept development. 

 

 Vision and backcasting 
Before we started to develop layout concepts of the unloading station, we constructed a vision that served 
as a guide in the creative work. The idea of the vision was to interweave our thoughts of efficiency, 
rationality, and safety with the Scania production system. The vision consisted of words which we felt 
fulfilled our own goals and Ferruform's expectations.  

After the vision was formulated, the only questions were, how do we get there? Robinson (1990) created 
a method called backcasting which appear suitable to help us answer the question. Backcasting, as 
Robinson describes it, is about defining a desirable future and then work backward to identify necessary 
milestones that must be accomplished to connect the specified future to the present, see figure 14 

 

Figure 14- illustrating John B. Robinson (1990) backcasting method that were used to guide the concept development 

 

We divided the milestones into two different categories, technical and organisational measures. The 
milestones were taken from the analysis and consisted of the building blocks of the SPS we considered 
was unsatisfied. During the backcasting method, we determined in which order the building blocks 
should be rebuilt to reach the vision. After the milestones were set and had our plan on how we should 
rebuild the SPS, we proceeded with the creative process. The idea during the creative phase was to 
generate both greenfield and brownfield solutions, which in different ways fulfilled the millstones. The 
greenfield solutions were constructed with the purpose to act as a smaller and a more concrete version 
of the vision to serve as guidance when developing the brownfield layouts, which was more adapted to 
the existing premises.  

 

 Brainstorming  
We began the creative process by using the brainstorming method. According to Osvalder et al. (2010), 
the method generates a quantitative result to solve a specific problem and can be used in groups as well 
as for individual purposes. Furthermore, when used in groups, no criticism must occur since it may 
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inhibit the creative process. The basic idea of the method is to use sketches and, or, easy explanations to 
share, add and combine ideas between the participants to create the first draft of ideas. Based on the 
analysis, we used this method to stimulate creativity and to create a pool of ideas to fuel the other two 
methods in this phase.  

 

  Block diagram 
For developing layout concepts, a method called Block layout described by Philips (1997) was used. The 
method translates different functions to blocks, where the size of the blocks is determined by the need 
of space each block requires. The method is a dynamic and rapid way of construct layouts and places 
functions in an efficient relation to a limited area. We used the method to investigate whether it was 
possible to find a more effective production layout that would meet the specification of requirements 
better than the existing system. The first couple of layouts generated through this method did not take 
limitations such as space and walls into account in order to stimulate creative solutions. After generating 
one of these so-called "greenfield" solutions, two brownfield concepts were generated, taking limitations 
regarding the locale into account.  

 

 Sketching Layouts 
The block layouts that were generated contained a high degree of simplification, giving a general feel for 
the layout. However, the layouts were developed further detailed by sketching and adding features such 
as operators, trolley line flow and forklifts. This method was performed by printing the current locale in 
order to take important limitations into account, such as locale space, placement of certain lifts and walls. 
Then we made sketches on the printed material, where we modified the positing of functions, redrew 
the trolley line, created expansions possibilities and more. We constructed several concepts this way and 
the ones that were congruent with the specification of requirements was taken to the evaluation phase.  

 

3.6 Evaluation and selection of concept   
In the analysis, the reasons for why and how the identified problems manifest in the organisation and on 
the workplace are discussed and concluded in a list of requirements that the concepts strived to meet. 
According to Philips (1997), the specification serves as a suitable tool for evaluating early concepts during 
the concept development phase. We followed Philips's recommendation by assigning a weight to each 
demand on a scale from 3 to 5 and then determine to what degree the concept meet each demand by 
grading them on a scale from 3 to 5. The grade and weight are multiplied and the concept with the 
highest total score ought to be the best option. 

The weight assigned to each concept resulted from discussions with the employer and were in relation 
to the severity each problem contributes. The concepts that received similar scores were discussed. The 
method strives to be objective by ranking predetermined, weighed factors, but will always contain some 
subjectivisms. Furthermore, since the evaluation at this point were only based on the specification of 
requirements and that some of the concepts got the similar score, we chose to continue to the detail 
development with not a complete concept, but with the structure and logic of the concept having the 
highest scores.  

 

3.7 Detail development 
The idea for this phase was to take the specific advantages of the different concepts and merge them into 
a final concept. This stage also included transferring the benefits of the selected concept to the current 
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production layout to minimize the cost of implementation. We did this according to the same principles 
when sketching the layout concepts on the existing system in the concept development phase. When 
we had a layout that was adapted to the request, as well as, containing the structure and logic of the 
earlier concept with the highest score, we evaluated the result with the specification of requirements. 
When the new layout was established, we also had a concrete version of the vision. We were now ready 
to create an implantation plan for the final concept. The reason why we created an implementation plan 
was that, according to Eklund et al (2016), it is how improvement work is implemented in the 
organisation that determines whether the result will be positive or negative. Furthermore, we want our 
work to lead to something positive and useful to Ferruform. Hence, we have chosen to offer an 
alternative to how the final concept should be implemented to achieve a positive result. The 
implementation plan was about defining the organisational reforms that are required for the layout to 
function and in what order the layout and its prerequisites are to be gradually implemented. The 
implantation plan was based on the millstones that were defined with the backcasting method, 
organisational parts of the analysis and with consideration to Ferruform's goal of future growth.  

 

3.8 Method discussion  
If we look back at the process and the choice of methods, we find both decisions that we could have 
done for the better and decisions we would repeat. Starting with user participation, we believe this way 
of performing development work is beneficial in many aspects, not least that the result and conclusions 
are validated by the user throughout the project. But also, that it has been a very important resource for 
understanding the problems and finding their hidden causes. The insight we have gained during this 
project mainly a cause of the conversations and discussions we had with the operators. Of course, we 
have been critical of what we have been told and we have tried to follow the path that can be anchored 
in theory. Even so, we think that the result could not probably improve the workplace if we not had 
considered the operators' thoughts and feelings in the results, which again, were retrieved during user 
participation. The only thing we regret regarding involving the user was that we didn't do it more. We 
could have used user participation during the concept development to obtain solution ideas that were 
based on different experiences than our own. Here, however, the boundary goes, involving the operators 
in the analysis, specification of requirements, detail design, decision making and creation of the 
implementation plan, had probably angled the result to be in line with the workers' collective ideas and 
intentions. Where the limit of user involvement goes is sometimes subtle, what is important is to be 
aware of both the benefits and the drawbacks.  

When using block layouts during the concept development we realised that the method was quite 
fruitless in the given context. Since the layout is locked to the trolley line, its complicated to place the 
different functions freely and use the method's interaction ability, which also is its greatest benefit. Even 
how, the method was effective when the goal was to create schematic layouts with fewer boundaries and 
to get a first glance on how a new layout could look like.  
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4 MAPPING OF CURRENT STATE 
In this chapter, the current state and the results generated from the performed methods are presented. It 
starts with a description of the current state for certain sections and briefly describes observed issues. 
These problems are further explored, described and summarized later in the section.  

 

4.1 Work at Crossmember Painting line 
The scope of this master thesis is the unloading station at the crossmember painting line. However, the 
entire process at this line before the unloading takes place affects how the work at the unloading station 
is performed and organised. While these processes are important, only short descriptions of them will be 
presented while the unloading station will be described in further detail.  

 

 Loading station 
The products that have been requested by the customer are put in stock close to the loading station. The 
operators working at the loading station follow the schedule that describes which products should be run 
and in which order. When a trolley arrives, they mount the hooks unique for that product onto the 
trolleys and hang the products on the hooks according to the instruction for that specific product type.  

 

 Treatment 
The treatment process starts with a blasting station where the metal is rugged, oxidations and other 
undesired features reduced. The products then arrive at the station where they are cleaned in chemical 
baths and primed with ED paint, giving an evenly distributed protective layer of paint that is cured in an 
oven. When the ED paint is cured and the products have cooled, they enter the powder painting station. 
Here, four robot arms cover the products in a thin layer of powder that, when heated, form a film of 
liquid paint that then hardens. When the products have cooled, they move onto the unloading station. 

 

 Unloading station work process 
When the products have been treated and cured, they arrive at the Quality Gate (QG). At this station, 
the products are inspected by visual controls and the thickness of the paint is measured to ensure that 
they lie within the benchmark value of 80-120 µm, and if not, they are discarded. For the products that 
meet the requirements, the next step in the process is to pack them in crates. 

Depending on what product is coming through, the trolley either goes to unloading station one or two. 
At unloading station one, which in general handles the high- volume products packaged on pallets, the 
operator requests and receives a crate which is a pallet that has been supplied with pallet collars by a 
robot. When it arrives at the operator, it is transported onto a height-adjustable table adapted to the 
height of the operator to ease the strain on the body that otherwise can occur from working in bad 
posture. When the trolley arrives, it stops at an elevator that allows the operators to adjust the height of 
the trolley to a desired, ergonomic height. The products are then removed from the hooks on which 
they hang, one by one and packaged in the crates. There are lifting aids for some products that the 
operators can use as a measure to reduce the ergonomic risk that the work imposes on them. The 
packaging routine is provided to the operators through paper instructions. When one cart has been 
completed it is inspected by another operator that either disapproves or approves and sends onwards to 
a machine where bindings are applied that secure the lid and stabilize the structure of the pallet and pallet 
collars. A conveyor belt transports the crate to an area where a forklift operates and clears the belt. After 
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a trolley has been cleared of products, the hooks are removed and put onto wagons specially developed 
to house the specific type of hook being used. If a wagon is filled, it is replaced by an empty one and the 
full is transported to the loading station, available for usage once more. The operators then call upon a 
new trolley to enter the elevator area where the process is repeated. This unloading work process could 
be described and thought of as an assembly where the ingoing parts are pallet- collars, sub-assembled 
onto pallets, products delivered in batches and soft, protective packaging materials. Each specific product 
has a unique packing process where the number of products in each box varies depending on the article, 
as well as the amount and type of packaging materials and the number of pallet collars.  

 

4.2 Organisation of work 
The work at the crossmember painting line is divided across three shift teams consisting of 10 operators, 
two production coordinators (PS) and one additional group leader (GP). This allows the production to 
run uninterrupted for 24 hours on weekdays. Each shift works individually towards meeting a weekly 
production goal. If these goals are not met by Friday afternoon, the shift working daytime needs to 
compensate by work during the weekend. 

The operators are responsible for performing the work that relates to processing the articles. This includes 
mounting products, treating them and finally packaging them. The packaging process requires packaging 
material and the operators are responsible for ordering and distributing them in the locale. In addition to 
processing articles, they are also responsible for developing and improving their workplace. Suggestions 
are communicated during a 30-minute meeting every Wednesday.  

 

 Middle managers 
This middle manager role called Production Coordinator, henceforth (PS), is according to the job 
description responsible for developing colleagues and making sure that the job is performed correctly. 
This incorporates allocating resources for educating new employees amongst others. The PS is 
responsible for implementing solutions, developing new standards together with the operators, educating 
them and controlling that the standards are fully followed and used throughout the day. They are also an 
asset to the operators to support and help them if need be, for example, if someone is on sick leave and 
the production line is one person short or having a problem with their station. Additionally, the PS is 
responsible for leading the systematic problem- solving work, both preventive and reactive. The PS is 
also a link for information between the shift and the rest of the organisation. Concerns or suggestions for 
improvement are communicated through the PS two ways, which are from the operators to the 
management and vice versa. 

At the crossmember painting line, however, the PS position differs drastically from the described 
standard. Instead of being a resource that moves between stations and develops the workplace, the PS is 
rather seen and utilized as an operator with additional tasks regarding coordination to be performed such 
as assigning work tasks according to the job rotation schedule. A perception that was communicated by 
one PS was that, in the end, the only thing that matters is meeting the production goal. Since there is 
not enough time to perform the work tasks of both a middle manager and an operator, the managerial 
tasks are ignored in favour of meeting the production goals. This results in the collapse of an important 
organisational role and tasks of allocating resources, spreading information and providing feedback, 
developing standards and controlling that they are used, not being done or performed to the desired 
extent. 

The task of the GP is more oriented toward controlling, rationalising and coordinating with different 
departments at Ferruform. It includes providing the PS with the necessary skills and materials to perform 
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their work tasks. The GP is accountable for the shift to meet their production goal every week and to 
take action to achieve the goals.  

 

4.3 Description of problems 
The most important problems found in the mapping of the current state in line with the mission and 
research questions are presented in this section.  

 

 Overview analysis 
Rather early in the project, an overview analysis was performed to gather information from the shifts on 
how they perceive their work environment. They were asked to evaluate some predetermined factors. 
The results from each shift were summarized separately and thus make for a broader ground for analysis. 
However, in figure 15, the results from all shifts are compiled to show the general perception of the 
work situation. 

 

Figure 15 - Compiled overview analysis 

 

From what can be seen, Ergonomics and Heavy Lifting appear more problematic than other areas, while 
Social contact is the best feature in the current work environment. Some problematic physical factors 
are noise, pollution, climate, and workspace. Psychological factors are Risk of accidents, dullness, stress 
and work content.  

In the first workshop, the operators were asked to mention all the problematic areas that they could think 
of. Not only did the perceived problem areas differ between the shift teams, but it also differed from 
trends shown in the overview analysis. The top three problematic areas concerning the work 
environment were Dusty air, Stress, and Ergonomics, mentioned 13, 7, 7 times respectively, and the 
overview analysis rated, Ergonomics, heavy lifting, and Noise as the most problematic areas. Other areas 
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were crammed, quality faults in packaging materials and heavy lifting mentioned 5, 4, 4, times 
respectively. 

Some of these issues are of a character that is not within the scope of the master thesis, such as Dusty air 
since it is caused by the powder painting robot which does not directly affect the unloading station.  

 

 Downtime 
The most frequently observed problem from interviews, observations and workshops was the magnitude 
of production disturbances. According to the operators who participated in the interviews and 
workshops, the entire production chain is exposed. The same group also pointed out that the disturbances 
mainly consisted of machine downtime caused by the pallet constructing machine, conveyor/trolley-
system, and the wrapping machine. Table 2 presents the different machines and their degree of 
disturbances during the period 2018-01-01 to 2019-02-01.  

 

Table 2- Most occurring downtimes caused by machine failure at the crossmember painting line 

Description Stop time  Number of downtimes 
Pallet construction machine 5 days 5544 
Trolley 4 days 899 
Wrapping machine 4 days 1127 

 

What is important to remember is that table 2 only presents the machines that are directly connected to 
the unloading station. During the mapping of the current state other problematic machines and technical 
disturbances that had a great impact on the production process were identified. However, these 
disturbances were not directly linked to the unloading station and were thereby excluded from this 
report. The information presented in table 2 points out that the pallet construction machine causes by 
far the most downtime and constitutes a majority of the total stop time at the unloading station. Another 
observation is that the downtimes from the pallet construction machine occur with high frequency and 

short duration, which, unlike the 
downtimes caused by errors in 
the trolley system, which appear 
to be more time-consuming but 
occurs more rarely. The 
wrapping machine seems to have 
similar downtime traits as the 
trolley system. The conclusion 
regarding the production 
disturbances with direct relation 
to the unloading station is that the 
station is exposed to both high 
frequency and short downtimes 
as well as sporadic and time-
consuming downtimes, mainly 
caused by the machines presented 
in table 2. 

In figure 16 the OPE from week 
2 to week 13 of 2019 are 
presented. The average OPE in 

Figure 16 - OPE data illustrating a categorised compilation of causes for production 
loss 
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the 12 weeks is 71,1%. The average of just immediate maintenance in the same period is 15,1 %. 
Immediate maintenance is mainly repairs of malfunctioning machinery. What's important to point out is 
that figure 16 presents the OPE for the whole crossmember painting line and not the exact percentage 
of the total OPE loss that is caused due to downtime by specific machines at the unloading station. This 
is still relevant information to be able to provide an honest picture regarding the magnitude of the 
downtime and its impact on the availably of the production system. If we combine this information with 
the same report table 2 is based on, we can tell that during the same 12 weeks the machines with direct 
connecting to the unloading station (pallet constructing machine, trolley and wrapping machine) had a 
total of 2605 downtime, which amounts to a total time of 104 hours. According to the operators, this is 
rather a low estimation who states that that number can be multiplied by a factor of 1.3 to describe the 
hidden statistics due to lack of reporting of frequent malfunctions. Regardless, the unloading station 
causes much of the total downtime for the whole crossmember painting line. 

 

 Unsafe work environment 
The general perception we gained in our participatory observation was that the work environment at 
the crossmember painting line did not feel safe. This was mainly due to many different flows coinciding 
at the unloading station. Forklifts operate close to operators on small areas, and trolleys move through 
the locale with articles hanging from them. An illustration of the workplace is shown in figure 17. It is 
evident that the area that forklifts can move is limited and often in the same space where people are 
working.  

 

 

Figure 17- The cramped workspace of the current layout when forklift passages and buffers marked 

Since there are many moving objects and forklifts to consider, the employees always need to stay alert of 
their surroundings.  

As seen in figure 17, there are a lot of stocks or buffers. Refilling these usually require some sort of 
intervention by forklift, thus making to work environment unsafe since people also work on those areas. 
When deliveries of packaging materials arrive at the crossmember painting line from the larger main 
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warehouse where they are stored, they are transported by a large forklift into the locale where smaller 
forklifts distribute it to different buffers. Usually, the same material is stored in two to three different 
places before it is put to use, making handling of it into a substantial and time-consuming task.  

Crossing flows is not only a risk when considering forklift and operator working close to each other, but 
there is also a great loss in efficiency simply due to them. Workstations quickly become isolated due to 
the vast amount of packaging material. Together with the amount of moving material, we could see that 
accessing some buffers required the production and movement of trolleys to be stopped, causing 
unplanned downtime.  

 

 Isolated working groups and ways of working 
In our participatory observation, we worked with two different shifts. One thing that became obvious 
was that the organisation of work differed as well as the way some work tasks were performed. The 
groups had different rotating schedules and attitudes towards using lifting aid to handle the heavy articles. 
Although some ways of performing work tasks differ between shifts, there are established standards that 
are universal for all shifts at the crossmember painting line. What our observation showed was that these 
standards were followed to some extent, but the problem was that the extent to which the standards are 
followed rather is up to the shifts themselves, being one source of the individual work practice of the 
shifts. Improvements in working methods and encountered problems from the day stays within the shift 
instead of being shared between the shifts. Together with a perceived feeling of being ignored by the 
organisation, this suggested difficulties with the flow of information, especially concerning feedback.  

We perceived that there were different cultures established in the shifts. However, in common for all 
shifts was the perception of lacking feedback and information from the organisation. There was a clear 
divide in the organisation along with an "us" and "them" mentality. The perception of "them", referring 
to the management, was that they actively did not want to develop or improve the work situation for 
the staff working at the crossmember painting line. When speaking to the management, the development 
they do, such as new improved tools and working methods are met with a lot of resistance and negativity.  

 

 The ergonomic situation 
Looking at the overview analysis, the most alarming problem was considered to be heavy lifting in 
combination with inadequate ergonomics. Ferruform's earlier investigation concludes, with RAMP II, 
that the working postures are unhealthy at the unloading station 1 and 2. In the mapping, we tried to 
understand the contributing factors which caused these hard conditions and confirmed the result from 
RAMP II with the perceptions of the workers. We discovered that nine article types are defined as 
standard product types and that three of these have associated lifting tools. In addition to the standard 
articles, there are more than five reserve articles that appear sporadically in the product frequency and 
for these, only three lifting tools are available. Just considering the standard articles, it is a great deficit of 
lifting tools, the problem also tends to escalate significantly when the articles weigh between seven and 
23 kilograms. Besides, we concluded from interviews that one of the lifting tools actually aggravates 
worse work postures compared to performing the lift manually without lifting tools. However, and 
equally important, the lifting tools that are available and do not aggravate worse working postures are 
still seldom used.  

From observations, we also concluded that heavy lifting occurs not only at unloading station 1 and 2, 
but also elsewhere around the loading station, such as, when handling packaging material and turning 
pallets. These work tasks are completely relieved from lifting tools and are at the same time very frequent 
and extensive.  
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5 ANALYSIS 
In this chapter, issues at the crossmember painting line are analysed. Some issues are production-related, 
while others are of an organisation related nature. Solving these two different categories of issues is not 
always possible with the same solution. Thus, the root causes of production-related issues constitute the 
grounds for a specification of requirements used when designing a new layout, while the root causes and 
of organisational issues and conclusions are used in the implementation plan.  

 

5.1 Downtime and its consequences 
Downtime is a root cause that explains many of the observed issues with the workplace. Alone, downtime 
and malfunctioning equipment only result in a lower processing rate of articles which of course affect 
the profitability of Ferruform. According to Wilson (2010) variation in production is the most 
fundamental obstacle to attain a prosperous production system. He underlines the importance of 
systematically reducing variation to gain good product quality, stability and create a foundation on which 
lean ideas can be built on. Besides, we argue that this variation combined with high and inexorable 
production goals causes certain behavioural patterns to emerge.  

The production goal is dimensioned to be possible to meet while working in a safe and calm tempo, on 
the condition that the production runs smoothly. This conforms with our observation where the 
production goal sometimes was met three hours before the end of the day, and other days not met at all. 
This suggests that downtime plays a crucial role in meeting production goals. When the production 
system malfunctions, the available time for processing articles is reduced which means that the operators 
need to work faster in the available time. If the production goal is not reached by the end of the week, 
the operators need to come in on weekends. Since the system is very unreliable, the operators tend to 
work as fast as possible when the system is running so they have a fighting chance to reach the production 
goal until Friday in case there would be downtime later. This has two main outcomes 

 

• Actions that are perceived to be time-consuming are disregarded 
• Actions that do not directly increase the number of processed articles, are disregarded. 

 

These two outcomes help explain the situation at the crossmember painting line. Consequences that are 
directly connected to these observations is a disregard of flaws in quality, dilution of the Production 
Coordinator role that among other things, leads to isolated working groups and a culture that contributes 
to a bad ergonomic situation. These consequences will be explored further in this section.  

According to our mapping, there are a couple of motives for meeting the production goals. First, the 
operators take great pride in meeting the goals, and secondly, there is a social factor that is affected by 
having to work weekends. One operator put it like this: 

 

"The first time you have to come in during the weekend and need to cancel the weekend 
plans with your family is fine. Hell, the second and third time too! But the seventh or 
eighth time it happens, the ring comes off and the man is thrown out." 
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Björkman and Lundqvist (2013), points out that demanding employees to work overtime is the easiest 
measure to compensate for disturbances in the production line when an organisation lacks the flexibility 
required to handle the variation. This lack of flexibility is, according to the authors, partly caused by an 
exaggerated reduction of slack in the organisation. In the end, the private and social life is affected, just 
as the operator told us earlier. Additionally, MDs' may be caused if the overtime is allowed to happen 
over a long period. 

Karasek's and Theorell's demand-control-support model (1990) states that stress can be generated even 
by fairly simple demands if one can't control the situation and do not get the support that is required. At 
the unloading station, the demands are high, because the production goal must be achieved. The 
operators have a decent degree of control since the production system is not takted and the operators 
can decide for themselves when they should start to unload the next trolley or take a short break. 
However, the operators lack control over the overall production process because of the vast variation 
and frequent downtime. Furthermore, the degree of support is not good enough to compensate for the 
high demands and decent control. Even though the operators have created strong social bonds within 
the shifts and by that means, creating internal support amongst the operators, this support is limited. In 
fact, these bonds are rather driven by common frustration than the will to aid each other. Karasek and 
Theorell state that if two of either demand, control or support are for the better, it compensates for the 
insufficient one. In practice, this means that the operators can manage high demands if they are allowed 
to make needful decisions and simultaneously get enough support.  

According to Wilson (2010) and in line with the argument of Björkman and Lundqvist (2013), variation 
in production and demand can be counteracted by buffers or slack. Since the variation at the unloading 
station mainly is caused by downtimes, it is reasonable to add a buffer to the process. At first glance, such 
action can appear as a measure that adapts to the problem instead of eliminating the cause. Our reasoning 
is not to adapt to inefficiency, but to build in a security in the production system that allows the rate to 
keep on going despite a downtime, and by that mean, achieve efficiency. At the current state downtime 
will occur, it is just a question of when and for how long.  

In summary, the stress that high production goals along with the unreliable and highly variable 
production system impose on the operators cause them to disregard actions that are perceived to be time 
consuming or those that do not directly contribute to higher productivity. The main motives for meeting 
the goals are pride in one’s work and not wanting to come in during weekends. This shows itself in four 
ways 

• Diluted role of the production coordinator- The PS rather work as an operator 
• Quality – overlooked in favour of increasing number of processed articles 
• Isolated working groups - consequence of the diluted role of PS amongst others 
• Ergonomic situation – consequence of culture, lack of practice and participation  

These four bullets that are consequences of the great variation in availability will be further analysed in 
the following section. 

 

Figure 18- Downtime, the root cause for many issues 
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 Diluted role of Production Coordinator 
This issue is related to avoiding “Actions that do not directly increase the number of processed articles, 
are disregarded.”  

What became evident when mapping the current state was that the Production Coordinator (PS) was 
only marginally different than an operator in the tasks assigned. In fact, the majority of the time, they 
were busy processing articles and, on some occasions, had to abandon their workstation to attend 
meetings. When we compared the job description to our observations of the role at the crossmember 
painting line it was widely different. Moreover, the role seemed to differ drastically to assembly lines in 
Södertälje according to interviews with people having insight in that production site. Thus, we saw it 
necessary to investigate why the role and specific tasks were disregarded at this site.  

It appeared that the production line was dimensioned to utilize the PSs’ as operators rather than middle 
managers. We speculate that the reason for this may be the gradual increase in demand capacity utilization 
that the crossmember line has seen over the years. The net effect is the same as for downsizing, that is, 
more work per employee. Björkman and Lundqvist (2013) say that if this ratio continues to increase it 
is sure to affect vital functions in the organisation, something that can be seen at the crossmember painting 
line. However, whether this originates from downsizing, increasing demands, variation or both, we leave 
open for discussion. The people working there have simply had to adapt to the new situations and thus, 
the PSs’ has step by step become more like operators rather than a middle manager or additional resource 
on occasions. This transition has been allowed to happen since there are certain measurements the 
organisation regarded as particularly important, such as whether the production goal has been met or 
not. As long as the numbers meet the expectations there are no questions asked, although the operators 
may have been compensating by working unsafe, disregarding flaws in quality or not performing their 
tasks to get there. This reasoning is in line with the conclusion of Westgaard and Winkel (2011) that 
simply increasing production volume and work intensification without adjusting the work environment 
or new stress result in negative outcomes. Instead, individuals have had to compensate by disregarding 
assigned work tasks. 

 

Figure 19- Showing how Downtime leads to the diluted role of the PS 

Meeting the production goals is central and has led to the collapse of certain functions of the PS. Three 
main consequences will be elaborated on in the next chapters. One of these is standardization. The task 
assigned to the PS is not performed at all or in a limited extent. Additionally, the PS neither have time 
to instruct operators in the new standards or to control that they are followed. The motive to take 
precious and limited production time to establish standards disappear since they are not followed 
anyways.  

How information and introduction of new employees have been compromised as an effect of the diluted 
role of the PS, and affect the current situation are discussed in Isolated working groups and the 
ergonomic situation.  
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 Isolated working groups 
This issue is partially a consequence of the diluted role of the PS. From interviews and observations, we 
could conclude that there was strong collectivism within the shifts, different work cultures and ways of 
working, a general scepticism and discontent with the management. What makes it problematic is that 
information remain internal within the shifts and that feedback regarding ongoing projects seldom is 
given. In this section, we will discuss how these two circumstances, 1) workplace culture, and 2) Lacking 
feedback contribute to the observed isolation and explain how it may have occurred, starting with the 
initiation of new employees.  

1) Workplace culture 

Education when introducing new employees is ideally and according to the job description led by the 
PS that steps in as an extra asset and thus do this in a calm environment and correct way. However, in 
today's situation, the PS is a producing unit, production capacity is reduced not only by having one 
person dedicate time for education but also since the new employee does not have the skills to process 
articles in the same pace that his or her predecessor could. Thus, the introduction is in conflict with the 
logic of production with the current structure. Often, the new person is introduced by different operators 
manning different working positions. 

The consequence of not being introduced correctly is that the advised working methods are not 
followed. Learning happens by observing colleagues working in a pressured situation where rules and 
safety may be disregarded in favour of working faster and meeting production goals. A feature of the 
workers' collective that Fältholm (1998) mentions is that there is a silent agreement of sticking together 
and minimizing the management's insight in work practice and methods. As long as the production goals 
are met, shift- specific working methods can be maintained since no questions are being asked. 
Consequently, this faulty introduction furthers unhealthy working routines and enforce culture. 

With a culture and norm of disregarding safety instructions and lifting aids, the operators say that they 
experience peer-pressure not to use the lifting tools since they are perceived by some to take longer time 
and thus slow the handling process down, causing their colleagues having to "pick up the slack". In short, 
the norms are so far deeply rooted that acting according to Ferruform's standards is considered abnormal 
and treasonous to the other colleagues. Just as Lysgaard (1961) deduce the inexorable demands exerted 
on the operators from the organisation as a cause for a workers-collective to form, he says that the 
collective's norms and demands are themselves inexorable on their members. Either they comply with 
the norms or get excluded from the collective. At the crossmember painting line, many of the factors 
mentioned by Lysgaard, suggests a strong collective, such as having working routines by own standards, 
homosocial workforce, scepticism towards the management and other shifts along with perceived 
inexorable demands. In combination with the lacking formal learning process, new employees are taught 
how to work according to the collective's conditions instead of their employers' rules and directions, 
furthering the behaviour of unique working routines and ignoring standards and safety.  
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A consequence that Lysgaard (1961) sees with the workers' collective is that it brings resistance to change. 
Changes namely challenge established structures and identities that once were formed as protection 
against the inexorable demands of the organisation. This would explain the contradictory behaviour we 
observed of requesting development of the workplace while at the same time showing limited interest 
in improvements and meeting changes with resistance.  

 

 

According to our reasoning, shift-specific working methods are performed since no standards are taught 
in the absence of PS as formal introducers and educators. Being part of the collective assumes that each 
individual work and behave according to the norms of the group. A general trait of a worker's collective 
is scepticism towards non- members which in turn suggest isolation of working groups. Since the 
collective is a protection against the organisation there are efforts of maintaining a status, meaning that 
changes are met with resistance and development comes to a halt.  

 

2) Lacking feedback 

Up until now, we have investigated the motives of the individual and the group that leads to isolated 
working groups. In our mapping we found out that feedback regarding, for example, ongoing 
improvement projects, was not communicated to a sufficient extent, leading to the operator's perception 
of being ignored by the organisation. The situation is worsened by the fact that the shifts are tasked with 
continuous improvement work each week. The perception is that nothing happened with their 
suggestions. Now we will describe how the organisational structures affect the flow of information.  

The sections that concern the crossmember painting line and need to communicate with each other are 
the development department that consists of two groups; red and green arrow, the middle managers and 
the three different shifts. We will look at these sections and briefly describe what they do, what 
information they need to convey and through what channels they do it. The flow of information is 
visualized in figure 21. 

• The red arrow development department works with practical development measures that do not 
require substantial financial means or investigations to proceed. Suggestions for improvements 
are often communicated directly with the red arrow technicians and they develop new tools and 
aids that may improve efficiency. Technicians should communicate with the PS, GP and green 
arrow department. 

 

Figure 20- Illustration of how isolated working groups is a result of the diluted role of the PS and Downtime 



 44 

• The green arrow development department deals with improvements that require substantial 
investigation or larger financial means. A project usually stretches over 2-5 years. Technicians 
should communicate with the red arrow department and occasionally with the PS and GP. 

 

• The GP role bridge the information between concerned departments and the PS. The main 
communication happens through daily management meetings. Technicians do not usually attend 
this meeting. Instead, there is a weekly meeting scheduled with the GP and red arrow technician. 
However, this meeting seldom occurs due to the busy schedule of the GP.  

 

• The PS receives information from the GP and should transfer the information to the shifts. This 
communication also works the other way around, that is, information from the shift goes 
through the PS to the GP who transfers the information to other parts of the organisation.  

 

Another issue that lack of communication brings to 
the crossmember painting line is lacking 
participation, meaning that developing new tools and 
aids are disassociated with the shifts. According to 
(Imada & Robertson, 1987; Wilson, 1995b) there are 
two advantages of user- participation. The first is that 
the end-user often possess deep and useful 
knowledge about their workplace and situation. This 
knowledge can be utilized and increase design 
effectiveness according to Sanoff (1985). The second 
reason suggests that the end-user becomes more 
involved and committed to implementing the 
changes. Participation and information concerning 
the rationalization process are modifiers according to 
Westgaard and Winkel (2011), that may improve 
health outcome in rationalization processes. Applied 
on the crossmember painting line, user participation 
can provide the operators a better chance of receiving 
tools that will improve their current work situation, 
they will be listened to and involved in improving 
the work environment. The developers may also 
meet less resistance when introducing new lifting 
aids. According to Brännmark & Eklund (2013) and 
Buckle and Ray (1991), simply the opportunity of 
learning and personal development that continuous 
improvements and participation enables will lead to 
positive effects in a lean characterized work 
environment.  

The research presents many advantages of participation ranging from increased motivation (Eklund, 
1997), learning, personal development, design effectiveness and commitment to changes. However, we 
argue that better communication and feedback will be necessary to change the current assumption of 
continuous improvements being a sort of manipulation; being tasked with suggesting work environment 
improvements, but not being listened to. 

Figure 21 - Schematic of the different departments’ 
rotations, emphasizing the difficulty of maintaining 
information channels 
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A great difficulty in providing feedback and maintaining a functioning information system originates 
from the different rotations. Since the Green arrow employee work ordinary hours, the red arrow 
technician working daytime every other week, and the shifts working daytime every third week, a 
meeting with the same constellation of people can only occur every sixth week.  

In summary, the flow of information has the potential for being improved upon. Currently, it is a source 
of unnecessary malcontent and mistrust between departments in the organisation. Because even though 
one department may be working with a request from the operators, the time horizon differs drastically, 
and a project lasting two years is considered a short project by the green arrow department, while two 
weeks may seem very long to the operators. Participation comes with a lot of advantages, but in the 
absence of feedback, the operators are left with an impression of being ignored by the organisation. 
When the technicians try to introduce new tools, they meet this malcontent of not being heard, although 
they have been working with improvements all along. This creates an infected situation and further 
divides the departments and obstructs development. The shifts become isolated and different working 
methods, as well as cultures with associated norms and attitudes, develop within them. The unofficial 
grouping of the workers' collective complicates implementation work and development to occur and be 
maintained. 

 

 The ergonomic situation 
As mentioned in the mapping, ergonomics and heavy lifting are perceived as problematic areas. Packaging 
the products require lots of packaging material that in combination with the current layout entail 
extensive handling and lifts since the same material may be placed and moved between up to three 
different buffers before being used. The products that are being processed at the crossmember painting 
line are heavy and difficult to handle. To reduce the strain exerted on the operators, lifting tools have 
been developed. Some aggravate worse working postures, but the majority ease handling the products. 
Although heavy lifting and ergonomics are perceived to be problematic features of the workplace, the 
lifting tools are seldom used.  

Why the operators are not using lifting tools developed for handling some of the products is not clear. 
What became evident in the mapping is that the general belief is that it takes longer to use the lifting 
tools and that they are poorly adapted to the articles. Thus, the reaction is once again to refrain from 
working according to the recommendations. Operators work in the way they perceive to be the fastest 
and by that compensate for the lagging production system. However, one out of three shifts recognize 
that the effectiveness of using the lifting tools is sufficient to meet the production goal if the operator is 
allowed to practice in using them. It is the PS's responsibility for instructing and teaching employees how 
to use the tools and also making sure that they do. However, following our earlier reasoning, this function 
has disappeared with the dilution of the role. 

The rather contradictory assumption concerning lifting aids effectiveness that the operators from one 
shift presented is of interest since it suggests that the lifting aids may be sufficiently effective. However, 
the perception - and in extent, the intention towards usage- of the lifting tools resulting in a more time-
consuming completion of the work task and, in some cases, worse ergonomic working conditions is of 
course still real. However, if the grounds for this perception is disputable, as one of three shifts claim, it 
is of interest to investigate how the perception came to be in the first place.  

One's beliefs and perceptions of lifting tools result in behavioural intention towards them. Ajzen and 
Kuhl (1985) stipulated a framework called the Theory of Planned Behaviour (TPB) for explaining how 
intentions for a certain behaviour is formed. It connects one's attitude, subjective norms and perceptions 
of behavioural control to one's intentions of performing the actual behaviour, each formed by two other 
factors. Attitude towards a behaviour is formed by behavioural beliefs and evaluation of those. Subjective 
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norm is formed by normative beliefs and motivation to comply with those. Perceived behavioural control 
is formed by control beliefs and perceived power. This framework is visualized in figure 22. 

 

Figure 22 - Schematic of the Theory of planned behaviour's framework 

According to this theory, simply the perception of a lifting tool being effective is not enough for assuring 
it being used.  

 

The attitude towards a behaviour is formed by the Behavioural belief and Evaluation of the outcome, 
whether it is something positive or negative. If there are several beliefs about the behaviour they are 
summarized as in the example below 

Table 3 - Evaluation of beliefs in the context of the unloading station. A negative number suggest disagreement with the belief. 

 

The sum of each belief strength and evaluation of the behaviour can either be positive, negative or 
neutral. If the sum is positive, a positive attitude towards the behaviour is predicted. The magnitude of 
the number represents the strength of the attitude. The example is used as a help for explaining the 
framework. The statements and ranking are not based on actual data from the operators, but rather our 
general perception of their beliefs, thus, it is not to be considered as facts. In this example, the general 
attitude towards using lifting tools is negative although lifting tools are perceived to reduce strain. 

Beliefs Belief strength Belief evaluation Product 
Using lifting tools is effective for processing 

articles - 2 3 -2*3 = -6 

Lifting tools reduce strain exerted on the 
body 1 3 1*3 = 3 

Overall attitude towards using lifting tools   -3 
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However, as this framework points out, simply a positive attitude towards a behaviour is not sufficient 
grounds for intentions towards adopting it.  

 

The subjective norm is formed by the normative belief - the perception of what others expect - 
together with the motivation to comply with those norms. For example, the motivation to comply with 
norms may differ depending on what social context or group an individual finds herself, whether it is 
friends, family, shift etcetera. When observing the shifts, we saw that these norms differed. For example, 
we discovered that the shift with an average age of 22 is affected by a strong macho-culture where lifting 
tools are regarded to be used only by weaklings. For the shift with an average age of 44, we observed 
the opposite. Almost everybody used lifting tools when the opportunity occurred, only a few of the 
younger workers abstained. This difference in how shifts relate to using lifting tools suggest that they 
have unique working methods and norms. The normative beliefs are clear but the motivation to comply 
is an individual feature. According to Lysgaard (1961), the workers' collective acts as a protection against 
the organisation's inexorable demands but is in itself inexorable in its demands on its members. A worker 
will not be allowed to stay in the collective unless the norms are followed. One can reason that the 
stronger a collective is, the more excluding it is on its non-members. Thus, the incentive of complying 
with the norms of the collective is important for someone who values social bonds and does not want to 
be excluded and isolated. With the background of our overview analysis that ranked social contact as the 
best feature of the workplace, we believe that being part of the collective, in contrast to being excluded, 
is important at the crossmember painting line, meaning that individuals need to comply with the norms. 
This would explain why overall attitudes towards lifting aids differ so drastically between the shifts. 

Evaluating the subjective norm works, in the same way, evaluating the overall attitude does and is shown 
in table 4 below.  

 

Table 4 - Determining the subjective norm according to TPB 

Beliefs 
Normative belief 

strength 
Motivation to 

comply 
Product 

My peers think I should use 
lifting tools -2 2 -4 

My superiors think I should 
use lifting tools 2 0 0 

Overall subjective norm for 
using lifting tools 

  -4 

 

Perceived behavioural control is formed by Control belief strength and Perceived power. Control 
belief strength can be formulated as the perceived likelihood that a facilitating or constraining condition 
will occur. In the context of the unloading station, it can be seen as to whether an operator that wants 
to work safely is able to or not. Determining factors can be the presence of lifting tools for the articles 
that are coming through. The perceived power is one's ability to handle facilitating or constraining 
conditions. At the unloading station, this could refer to one's ability to manoeuvre and use the lifting 
tools. This can be connected to one's proficiency in using the tools, which one of the shifts argued was 
the reason for other shifts abstaining to use them.  

Perceived behavioural control is calculated in the same way as the two earlier categories, attitude towards 
behaviour and subjective norm. See the example below. 
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Table 5 - Determining Perceived behavioural control according to TPB 

Beliefs Control belief strength Perceived power Product 
I can work in a safe way if I 
want to, by using lifting aid 1 2 2 

Overall subjective norm for 
using lifting tools 

  2 

 

As mentioned earlier in this section, the example is simply used as a help for explaining how an intention 
towards behaviour is formed. The final scores from attitude, subjective norm and perceived behavioural 
control are not based on actual data from operators but rather on our perception of their beliefs. In the 
framework, each of these scores is weighted by an empirically derived factor, which finally results in the 
intention towards that certain behaviour. The intention towards a behaviour is not to be considered as 
the same thing as performing the behaviour since behaviour is the observable response and the intention 
is one's readiness of performing the given behaviour.  

What is important to understand is that the department that works with developing the workstation want 
the operators to work safely. They wish the operators to adopt a certain behaviour. However, when 
looking at the strategy for encouraging a more safety-oriented behaviour, it has been to develop new 
lifting tools. When looking at Ajzen and Kuhl's (1985) Theory of Planned Behaviour, developing and 
supplying the tools would satisfy Control Belief Strength, but not necessarily the other five factors that 
intention towards a behaviour is formed by, especially since the factors are subjective. Even though a 
tool may be effective, it is not necessarily perceived to be. It may be an effect of subjective norms and 
beliefs that influence one's own beliefs as illustrated by the leftmost arrows in figure 22. Thus, we want 
to stress that simply developing new, notwithstanding effective, technical solutions are insufficient for 
achieving behavioural adoption. 

To cover the five factors and successfully achieving behavioural change we recommend the following 
actions. 

• Attitude towards behaviour – Since a belief towards a behaviour is defined as the subjective 
probability of achieving a certain outcome it is closely related to risk perception since the classical 
risk model considers the "objective" likelihood of a potential hazard. Thus, risk communication 
will be important, especially since the risk perception may be an underestimation due to the 
hazard of MD's not triggering outrage factors such as exotic, dreaded, catastrophic etcetera 
(Sandman, 1987). Thus, when introducing new employees to the workplace, the risks need to 
be discussed and the management also needs to make sure that each individual work safely. 
 

• Subjective norm – We believe that the norms that have been formed are the results of how new 
employees are introduced at the crossmember painting line. This, according to our earlier 
reasoning can be derived from the diluted role of the PS and the gradual isolation of the shifts it 
has caused. 

 

• Perceived behavioural control – To increase this factor, tools need to be available for usage and 
allow operators to work safely. By utilizing knowledge from the operators when developing the 
tools may result in higher end-user commitment. Additionally, they need to be allowed to 
develop sufficient proficiency so that the production goals do not constrain potential usage. 
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 In summary, the ergonomic situation that the operators meet at the crossmember painting line and 
unloading station is characterized by heavy and repetitive lifting. Lifting aids that have been developed 
are seldom used, although they reduce strain. A common perception and the most frequently used 
argument for not using the tools is that handling products takes longer time. However, we found out 
that the perception and intention of using lifting tools cannot directly be explained by lacking 
effectiveness. Lacking proficiency and norms that characterize the shifts also need to be considered. To 

change intentions towards a behaviour – adopting a safer working method by using lifting tools - simply 
developing new effective aids are not sufficient since they do not necessarily change one's attitude nor 
subjective norm towards the behaviour. We believe that change in shift norms, risk communication 
regarding MDs, training, follow-up initiatives and participation will be important when striving for the 
adoption of lifting tools. We would like to emphasize that Ferruform's organisational structure, 
organisation of work and role- descriptions cover many of the areas that we recommend working with. 
However, with the collapsed role of the PS, these functions have ceased to work.  

 

 Quality 
The products that arrive at the crossmember painting line sometimes have defects. Since Quality is one 
of the highest priorities in the Scania production system, Ferruform has invested in guaranteeing that the 
right quality is being delivered. Not only is one role solely dedicated to inspecting all articles arriving at 
the unloading station, both visually and by measuring the thickness of the paint, assuring it is within the 
benchmarked values, but an entire station called the Quality Gate has been set up for this task to be 
carried out.  

Most defects occur in the treatment process of the articles. Sometimes the quality in the blasting machine 
is not working properly which results in lower quality, but most frequently, the powder painting process 
does not yield results that are within the benchmarked values. Of course, there are always going to be 
some products that do not meet the quality and one should strive to reduce these to get a more profitable 
production. However, a problem at the investigated workstation is that defect products are sent to 
customers even though they do not meet the requirements. Exceptions are products whose quality is 
heavily compromised. As we see it, this is a consequence of compensating for the sensitive and often 
malfunctioning production line. This becomes apparent in two ways. The first one is that operators 
seldom man the quality gate, instead, they are working with other tasks to increase the number of articles 
being processed. 

The second reason is also related to meeting the production goals and is that the defect products not 
being discarded. The reason for this is because the operators want to process enough articles so that they 

Figure 23 - Illustration on how the ergonomic situation can be explained by isolated working groups and the diluted role 
of the PS 
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either can reach the production goal or build a buffer, so they won't have to work during the weekends 
in case of downtime. Thus, they do not throw away articles that do not meet quality standards. One 
operator formulated it as follows: 

 

"It is like you are punished for doing the right thing. There are no consequences for us 
doing the wrong thing, which is sending products with inferior quality, but direct 
consequences for us if we throw away all products that do not meet the quality standards 
by having us come in on weekends to compensate for a faulty technical system."  

 

One of the pillars in the Scania Production System is the column Right from me, and it stands for every 
employee and partner doing their part according to the rules. Obviously, this is not a criterion that is 
fulfilled at the crossmember painting line, but with such a vulnerable production system that is at the 
investigated system, one could argue that the organisation of the work does not allow for the operators 
to meet this criterion, since production goals does not account for malfunctioning technical equipment 
in sufficient extent and operators' social lives suffers. 

The two problem areas put together make for a difficult situation. Instead of having an operator that 
contribute to reaching the production goal and increase the number of products being processed, imagine 
one person that instead of increasing the number of processed items, decreases them by discarding the 
faulty products. Of course, there are a lot of factors contributing to this situation, such as the workplace 
being dimensioned for an OPE of 80%. Since the availability is seriously lagging and the main reason for 
the current OPE of 70%, quality defects would further decrease the OPE significantly. If one is to meet 
the goal the operators either need to work faster, often at the expense of their well-being or simply 
approve and send defect products.  

 

To summarize the issue. To meet the production goals and thus, not having to compensate or stress to 
avoid working on weekends, poor quality is overlooked. Inspecting the quality is also perceived as 
counterproductive since it does not only result in one person less working with meeting the production 
goals, products are also discarded. We would like to state that a basis for quality inspection to function is 
that the operator fulfilling Right from me, and somehow feel motivated to do so. We believe that this 
motivation today is lacking due to various reasons and that the production system does not create an 
incentive for it. Rather, we claim that the effect of the current production system along with the logic 
of production and organisation of work reduce this incentive.  

Conclusions of this section that analyse what consequences downtime and an unreliable production 
system have on the general work situation. The reasons why standards are not followed and low 
behavioural intention towards using lifting tools are deeply rooted in norms of the workers' collective 

Figure 24 - Showing how neglecting Quality deficiencies is a direct cause of downtime 
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formed under the inexorable demands of the organisation and a downtime- stricken production line. 
The irregularity in whether the production line runs or not causes the operators not being willing to risk 
dedicating neither resources nor time to working in what is perceived as a more time-consuming manner 
that on the other hand is safer and according to their job descriptions. The situation is worsened by 
understaffing, causing important organisational roles and functions to be abandoned in favour of meeting 
production goals. The consequences of this and the lack of learning and education are that there is minor 
development of standards and no control that they are followed, as well as limited improvements in the 
workplace. This also results in the shifts becoming isolated and develop own ways of working according 
to the norms of their respective collectives, resulting in a divide in the organisation, a collective 
characterized by resistance, own and non-official working standards, labour division unique to each shift, 
and scepticism in non- members.  

 

5.2 Effective and rational workplace 
One of the research questions for this master thesis has been to investigate what needs to be done to 
achieve an effective and rational workplace. In addition to earlier described flaws such as great variation 
in availability, we found some areas that had room for improvement, such as reducing the number of 
intersecting flows and working with material rationalisation. In this section, we will look at these two 
areas and describe where they derive from.  

 

 Layout 
The current layout entails a couple of problems. The greatest concern is that there are many intersecting 
flows of both products, trolleys, packaging material, people and forklifts. This situation makes it difficult 
for further modification since workstations become isolated and surrounded by other machines or buffers. 
Additionally, since the packaging material often requires forklifts to be moved around, they need to 
squeeze in between materials and machines in the operator's direct vicinity. Obviously, handling the 
materials, transporting it and moving it between buffers is inefficient, but we could also see that accessing 
some buffers required the production and movement of trolleys to be stopped, causing unplanned 
downtime.  

The reason why there are many intersection points in the current layout is that the functions are not 
placed in relation to each other. The current positioning of the functions was determined on the available 
space at the time a function was implemented. This can be explained by the proximity chart 
(APPENDIX II), which, for example, clarifies that there is no need to place the pallet constructing 
machine close to the rest of the production system since it only has a needful relation to the pallets, pallet 
collars, the conveyor and the forklift. In fact, all these functions except the conveyor, have more relation 
to the area of logistics than the actual production area. Currently, the pallet constructing machine is 
instead placed at the centre of the unloading station. This illogical placement creates a variety of 
inefficiencies, such as contributing to the isolation of station 1, forces more handling of material inside 
the production area and increases the usages of forklifts inside the production area, just to mention a few. 
The same situation applies to the quality gate, which is also placed in the unloading station with no 
affiliation whatsoever to any other function besides the personnel room. It is clear from the proximity 
chart that the layout lacks a logic positing of the ingoing functions. 
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 Material handling system 
The function of the unloading station is to package finished articles for transportation to assembly plants. 
Not surprisingly the operation requires large volumes of packaging material. The materials are delivered 
on pallets and handled by forklifts that refill the buffers one time per shift. The vast amount of packaging 
material occupies large areas of available space in the locale as visible in figure 25.  

 

 

Figure 25 - Illustration of the space required, and the different places that packaging material is stored in the current layout 

 

When deliveries of packaging materials arrive at the crossmember painting line from the larger main 
warehouse where they are stored, they are transported by a large forklift into the locale where smaller 
forklifts distribute it to different buffers. Usually, the same material is stored in two to three different 
places before it is put to use, making handling of it into a substantial and time-consuming task. 

The orders are made at the beginning of each shift, and the quantity of the ordered packaging material 
varies depending on the level of inventory by the time that the order is placed as well as the estimated 
consumption until the materials are delivered. Owens and Warner (1996) call this system a Fixed order 
interval, variable order size system. One implication of ordering with a fixed interval is that great effort 
is required for doing inventory inspections so that the correct quantities are ordered. Another is that 
much insight is needed when estimating consumption until delivery. However, Owens and Warner hold 
it as more flexible than the order point system and thus suitable when the demand has great variation. 
Concerning the available storage space, the fixed interval system means that the volumes may differ and 
that there is not enough space for storing all material. However, by adding another delivery during the 
shift, the required space each delivery will occupy is halved. 

From the interviews with operators and conclusions from our observation, we could see that the 
packaging materials occupied large areas and made the workplace cramped. The quantities that were 
ordered are based on the estimations of the person tasked with driving the forklift. This work task is like 
any other at the crossmember painting line, on rotation. Sometimes the ordered quantities were too great 
leading to a cramped workspace, and other times they were too small, leading to downtime. These 
outcomes are visualized in figure 26.  
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The difficulty when ordering the material is predicting the availability of the machinery. If the system is 
malfunctioning for half the time, only half the packaging material will be needed. In line with Wilson's 
(2010) arguments of the detrimental effects of variation, unless a more stable production process can be 
reached, this challenge will remain. The quantity of ordered material is solely based on estimations by 
different operators every day. They need to consider the current inventory, the estimated consumption 
until the delivery arrives and take possible downtime into account. The first two variables can easily be 
derived while the third would require investigating statistics concerning the availability of the system.  

 

 

Figure 26 - Displaying the difficulty in accurate material ordering based on operators approximation 

 

We believe that the order quantity can be precited and controlled according to Wilson's (2010) 
recommendations so that the order quantity is in balance with the production demand. The aim is to 
order the amount of material that is required to meet the production goal. Since the production goal is 
known and the planning sheet specifies what articles and quantities are going to come through the 
unloading station during the shift, the total amount of packaging material required to reach the 
production goal can be found. This way, the availability of the production system does not need to be 
taken into account. If the production goal is not met, the inventory will be slightly higher when the next 
shift places their order, which is easily subtracted from the total amount.  

 

5.3 Unsafe work environment 
In addition to the ergonomic situation that we described earlier, an insight we gained during our 
participatory observation was that the work environment at the crossmember painting line did not appear 
safe. The main reason for this was that forklifts operate in direct vicinity to the operators and need to 
squeeze in between buffers and trolleys with hanging articles. Since there are many moving objects and 
forklifts to consider, the employees always need to stay alert of their surroundings.  

The situation can be explained by four reasons. (1) moving packaging materials and refilling buffers 
requires a forklift. (2) There are a large number of buffers and the packaging materials from one buffer 
that is used for refilling another, resulting in a cramped workspace, heavy traffic, and time-consuming 
handling with forklifts. (3) Ordering packaging material is based on estimations. Sometimes, too much 
material is ordered, resulting in even further reduced available workspace. (4) The current layout lack 
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logic, which entails crossing flows. These four reasons put together means that heavy forklift traffic is 
required on small available space where operators work in order to refill packaging materials. 

If the situation of forklifts working in the operator's vicinity is compared with Larsson and Rechnitzer's 
(1994) recommendations as well as with the prescription presented in AFS 2006:5 (2014) the workplace 
appears to bring an extremely high risk of an accident between the forklift and the operators. Larsson 
and Rechnitzer recommend to completely separate forklift traffic and areas where humans work. In the 
current layout, this would be very difficult to achieve since there are several intersecting flows and an 
abundance of locations where packaging materials are stored. The challenge lies in separating humans 
and forklifts but still allow operators to access packaging material that in turn require forklifts to be 
refilled.  

 

5.4 Scania production system 
The analysis of the workplace is broad, and the direct use of our conclusions may seem difficult to 
connect to the rational and effective lean characterized philosophy that Scania has developed and are 
known for. Thus, this section is dedicated to connecting our conclusions regarding the workplace to the 
Scania Production system illustrated in figure 27 and explain which building blocks fail and why they 
seem to do so.  

 

Figure 27- The Scania production system temple 

In figure 27, the Scania Production temple is shown and represents how they achieve effective 
productions. The analogy of the temple is that a strong and solid foundation, consisting of certain 
elements, is required before the columns and roof can be installed.  

 

 Standardization 
Beginning with the subject of standardization. The purpose of it being that 
everybody knows exactly what they are expected to do as well as how they 
should perform a certain work task. It is an important feature of achieving a 
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normal state that improvements can be built on. If standardized working methods are not established, 
the effects of changes are difficult to measure and analyse.  

We saw that the shifts have their own working methods, meaning that a standardized working method 
is not followed. In our analysis we derived it to the diluted role of the PS, who is in charge of establishing 
standardized working methods, instructing their colleagues and making sure they are followed. 
Moreover, since the production system is frequently malfunctioning, the operators compensate, not only 
by having their own working methods but also by manning the stations differently. An example is that 
manning the quality gate usually is disregarded. In turn, this obscures the true situation at the 
crossmember painting line and is not questioned as long as the KPIs are positive. Additionally, we saw 
that the shifts are isolated working groups which make this process more difficult. The isolation can once 
again be derived from the diluted role of the PS together with the organisational structure and lacking 
feedback. We conclude that standardization is not functioning in the current state. 

 

 Leadership 
The definition of Leadership in SPS is to involve the colleagues, develop the 
competence within the shifts, guide and acknowledge.  

The direct example of failing leadership that has been mentioned many times before 
in our analysis is that the PS role instead has become that of an operator in order 
to meet the production goals in a downtime- stricken production. One of the functions that are failing 
today but would be in need of good leadership is the introduction of new employees to the workplace. 
We have described how the social learning that occurs in the pressured situation introductions and novice 
workers entail, furthers norms of disregarding safety routines as well as the collective’s own working 
routines. Thus, we can conclude that leadership fails in the current state.  

 

 Takt 
The reason for using takt is to reduce variation and create a stable, controlled and 
predictable flow of articles. It gives an operator an idea of whether he or she is 
working fast enough. Liker (2004) emphasizes that higher forms of lean 
manufacturing require a predictable and stable process. Takted flow is a step towards 
this.  

We have not directly touched on this subject in our analysis, but indirectly by stating that the operators 
compensate for the lagging production system by working as fast as they can when the system is running. 
The unloading station is said to have a takt, but it is rather a guideline in how fast they ought to work. 
Since this guideline is not followed, this building block also fails in the current state.  

Abrahamsson and Johansson (2009) stipulate five recommendations on how the Lean management 
concept can be applied while still maintaining a good work environment. One of these factors is to let 
the group decide their own working pace. From Karasek’s and Theorell’s demand- control- support 
model (1990), being able to decide the working pace is categorised in the control dimension. If takted 
flow was to be introduced, the level of control will decrease and possibly increase stress unless the other 
two dimensions, support and demand, increase. According to the model, moderate control in 
combination with inexorable demands and minimal support should result in stress. It is our understanding 
that the operators’ way of dealing with the stress is by using the dimension of control to compensate for 
the lagging production system by working faster and thus, endangering their physical health and 
disregarding the guidelines. With their top priority being Safety, Health, Environment, this is not a 
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behaviour that Ferruform wants, and thus takt would prove useful, as long as the other two dimensions 
in the model are adjusted to reduce the increased stress that lowered control would implicate.   

 

 Levelled flow 
This building block of the production system is aimed at establishing a predictable 
and stable production process where abnormalities are quickly discovered and 
treated.    

Levelled flow is hindered at the current state by the frequent downtimes with 
varying length, leading to great variation in both quality and quantity.  The operators are forced to 
compensate for the variation, which causes the inefficiencies invisible to improvement measures. 
Abnormalities are thereby hidden by downtimes and constantly inhibit the production process. This 
creates an unpredictable and unstable situation.  

 

 Visual 
The building block is aimed to describe that information regarding the current 
state should be visually available to every employee. Having visual feedback 
answers how the current state relates to the normal state.  

It is difficult to attain production data at the crossmember painting line. There is 
no Takt board since the takt only is a guideline. It is particularly difficult to attain information on how 
many trolleys have been cleared, by displaying the number on a very small screen after an employee has 
entered a code for accessing the information.  

 

 Normal situation 
This building block covers, standardization, takt, levelled flow, balanced flow, 
visual and real-time. The analogy of it is that the normal situation builds on all these 
blocks. All of them are needed to attain a normal state.  

This normal state is referred to by Liker (2004) as the strong foundation that other 
lean principles can be built on. They form the basis for further development. Without having a normal 
state to compare with, it is very difficult to see whether results from changes have positive or negative 
effects.  

 

 Right from me 
This building block says that it is everybody’s responsibility to make sure that 
deficiencies are not allowed to reach the end customer.  

As mentioned earlier in the analysis, “quality” is often overlooked. Although 
resources have been dedicated to assuring sufficient quality by manning a quality 
gate, it is seldom manned and articles with deficient quality are sent to the end- customer anyway. 
Overlooking defects originate from the variation in the production system and the wish to meet the 
production goal. We also discovered that there is no incentive for detecting and discarding articles since 
there are no reprisals for disregarding quality. In fact, discarding articles only results in a decreased number 
of processed articles. This is one example of Right from me failing in the current system. Other examples 
are that certain tasks are disregarded, such as standardization and educating new employees. 
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 Elimination of waste 
This is one of the foundations- blocks of the SPS. It says that efficiency and 
competitiveness are achieved by reducing wastes, and by that making value-adding 
actions constitute a larger quota. 

In the lean philosophy, wastes can occur in eight areas (Liker, 2004). One 
prominent example of waste at the crossmember painting line is the number of 
times that packaging material is handled and transported. Usually, one box of packaging material is stored 
in two to three different places in the crossmember painting line locale before it is used. Inventory is also 
regarded as a waste and can sometimes overflood the workplace at the current state.   

 

 Continuous improvements 
This final building block based on the other blocks functioning is aimed to 
challenge presumptions, improve the situation, identify deviations and 
establishing a new improved normal situation.  

At the crossmember painting line, 30 minutes are dedicated each Wednesday for 
continuous improvements. However, this meeting usually turns into a coffee- break since the meeting 
lacks facilitator and the operators lack the motivation to develop their work environment. According to 
our earlier reasoning, this may be caused by the lack of feedback presented to the isolated working group, 
resulting in a perception of being manipulated by the organisation; being tasked with improving the 
workplace but at the same time being ignored.  

Although there are some aspects of the Scania Production system that are functioning in the current 
system, nine out of the thirteen building blocks are not functioning. The consequence is that the stable 
ground that Liker (2004) and Wilson (2010) argues is essential for higher forms of lean production is not 
established. With the combination of organisational measures and technical solutions, we aim to suggest 
solutions for fixing the building blocks which allow for building the temple.   

 

5.5 Specification of requirements 
This chapter presents the specification of requirements that were used to evaluate the different concepts. 
What is important to mention is that not all problems that are discussed in the analysis were possible to 
transform to requirements suited to evaluate layouts. The specification of requirements thereby only 
consists of the requirements which may vary depending on the positioning of the functions and the 
overall layout planning. The origin and relevance of each requirement will be explained and concretized. 

 

Susceptibility of downtime: As mentioned in the analysis the impact of downtime has an extensive 
impact on both the production process and the operators. This requirement concerns the measures that 
can be made at the unloading station to reduce the impact of downtime. Wilson (2010) points out that 
downtime can be counteracted by buffers. The idea of this requirement is to make sure that the concepts 
can maintain the production rate, despite shorter downtimes. This requirement was given the highest 
weight due to downtimes extensive inhibition of the performance and development of both the 
production system and the operators.   

 

 
 

 
 



 58 

Transport of material: This is based on the part in the analysis that pointed out that material handling 
is insufficient. This requirement is aimed to reduce waste by reducing the number of points that were 
the same sort of packaging travels before it reaches the destination where it is used. The requirement 
thereby pays attention to the number of buffers as well as oversees the necessity of transports. This area 
has according to the analysis, a great impact on the layout but lacks a direct impact on the operators, 
which is why the requirement is assigned a middleweight.  

 

Crossing of flows: Relates to the issue that the workplace contains many different flows, which can, 
according to the analysis, result in safety deficiencies and production downtime during intersection. The 
different functions should be placed with logic and reason so that the flows are separated and can be 
operated without affecting each other. The requirement is important but is assigned a middleweight since 
crossing of flows may not necessarily mean that the layout is poorly thought out, sometimes it is 
impossible to eliminate intersection points.    

	

Flexibility of expansion: In the analysis, the importance was set for the layout to be spacious in order 
to enable expansion and flexibility. This requirement oversees the possibility for relevant functions to 
expand, the functions in question are constructing of pallets, unloading areas, trolley line, conveyor, 
inventory and buffers.  The requirement is regarded as the least important because of future expansion is 
about increasing the capacity, which is believed to possible without expanding the current facility. The 
demand for more space for relevant functions is therefore not as important for the layout as the other 
requirements. The requirement is therefore assigned the lowest weight.  

 

Safe work environment: What is possible to translate from the analysis regarding the environment to 
a requirement relevant for layout planning, was that the layout needs to create conditions for a safe 
workplace. Since the analysis concluded that the biggest threat to the operators in the current 
environment is the unstructured use of forklifts, it was reasonable to define a requirement that takes into 
account the number of surfaces where operators and forklifts encounter each other. A safe work 
environment is the highest priority in Scania’s production system and the requirement is therefore 
assigned the highest weight. Table 6 presents each requirement, their assigned weights and how they are 
achieved. 

Table 6 - Weights and terms for the grades 

Score/ 
Demand 

Weight 5 4 3 

Crossing of 
flows 

4 None One Two 

Flexibility of 
expansion  

3 Each relevant 
function can be 
expanded 

All but one 
relevant function 
can be expanded 

All but two 
relevant functions 
can be expanded 

Transport of 
material 

4 Only value 
adding transports 

One non-value 
adding transports 

Two non-value 
adding transports 

Safe work 
environment 

5 No human 
forklift 
interaction 

One human 
forklift 
interaction 

Two human 
forklift 
interactions 

Susceptibility 
of downtime 

5 Two functions 
for reducing 
susceptibility 

One functions for 
reducing 
susceptibility  

No function for 
reducing 
susceptibility. 
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6 CONCEPT DEVELOPMENT 
This chapter presents the result of the concept development. Beginning with a presentation of the vision. 
Followed by the different layout concepts that were produced with the creative methods as well as how 
they performed in relation to the specification of requirements. All concepts presented in this chapter 
strives to fulfil the vision in different ways. The vision follows:   

 

Create a work situation that is rooted in Scania's production system and characterized by efficiency, 
rationality and safe working conditions, where committed individuals can be challenged and developed 

 

6.1 Concept generation 
In this section, the concepts that were generated are presented and their advantages, as well as their 
disadvantages, are presented and discussed. The concept development resulted in one greenfield and two 
brownfield solutions. Starting with presenting the greenfield solution.  

 

 Eagle 
This greenfield concept visible in figure 28 is based on trying to keep the number of buffers to a 
minimum. Thus, when designing this layout, we chose to separate the unloading station and the stock 
by placing them on either side of the conveyor belt. This also reduced the number of flow intersections 
and human – forklift interaction.  

 

Figure 28- Greenfield concept Eagle. 
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The trolley arrives from the top floor and enters the bottom floor by the entry point of materials. From 
there it travels on the trolley line, either to the flexible conveyor or to one of the unloading stations 
placed by the conveyor belt. The hooks are dismounted and placed on wagons and when they are full, 
parked in the vicinity to the loading station. When a trolley has been freed of articles and hooks it is sent 
to the loading station.  

The crates are constructed in the pallet construction machine and are transported by the conveyor belt 
to the unloading station. The operator standing on the left side of the conveyor serve the other two 
operators at the unloading station by placing packaging materials into the crates, while they place the 
articles from the trolleys into the crates. When complete, the crates pass through a control station and 
exit in the warehouse. If any crate is not complete, it is stored in the warehouse as well until they can be 
complete.  

If the trolley carries articles that should not be packaged in crates such as the air suspension beams the 
same packaging process that is used today will be used. The unloading station is easily accessible for the 
forklift who can arrive without crossing any other flow except for moving through the area where one 
operator manages the pallet construction machine. The packaged articles are then placed in the 
warehouse. 

This layout would only require one big forklift that is also separated from all areas where operators move 
but one, which makes it quite safe.  

In summary, the advantages of this concept are that the number of buffers and crossing flows is kept to 
a minimum. Only one forklift will be required and the area where it operates is in general separated from 
where humans operate. The disadvantage is that it requires one additional operator for each elevator by 
the conveyor belt as well as reducing the work content, which on the other hand, should increase 
productivity. We believe that controlled takt will be necessary in order to make this concept effective. 

 

 U2 
This brownfield concept is aimed to ease expansion and the same time maintain the characteristics of an 
effective cellular layout, fitted to performing an assembly, and also keeping the pallet construction 
machine and exit of complete products in the warehouse. To achieve this, it was suitable to create two 
U- flows, one in which the arriving trolleys travel, and one in which the crates are transported, see figure 
29. According to Philips (1997), the U-flow enables the operators for mutual assistants which is a benefit 
when the aim is to create a cell that is suited for assembly. Philips also states that a benefit when designing 
a cell with a U-flow is to have small buffers and batches, which is taken into account in this concept. 
However, this leads to two intersecting flows and increased material handling.      
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Figure 29- Layout for concept U2 

By keeping the pallet construction machine on the outside of the crossmember painting locale, it can 
easily be expanded, and the stock is not affected by area limitations. Additionally, a buffer in the pallet 
construction machine can be included in order to reduce the effects of frequent but short downtime, as 
the situation is today.  

The trolley arrives from the top floor and is transported to either unloading station 1, 2 or the flexible 
unloading station if the articles should be processed there. When the trolley has arrived and been freed 
from articles and hooks, which are placed on wagons, it passes through the bottom turn of the U and 
arrives at either of the loading stations.  

The crates are constructed in the pallet construction machine and enter the buffer line. When requested, 
the pallets are transported to the unloading station and the articles can be packaged by the operators. The 
packaging process is performed in the same way as it is today by placing the empty crate on a height-
adjustable table connected to the conveyor belt. This allows for empty crates to pass behind the ones that 
are being filled and thus, for the operators to set their own work pace. The main storage point for the 
packaging materials are placed behind the unloading station and the operator uses it to refill a buffer by 
the conveyor belt. Because of this, forklifts and people intersect the trolley line once each. When the 
crate has been filled with articles and packaging materials, it is sent to the control station and from there 
to the warehouse until transported to the final destination.  

The advantages of this concept are, apart from the ergonomic and the slightly higher work content, that 
the transportation of complete products is short. However, it requires major rebuilding and possibly 
relocating of the logistics office. Also, there are more intersecting flows.   
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 Double Down 
This concept is based on combining the advantageous features of the previous concepts and placing them 
in the current site. Separating the packaging materials from the unloading stations and thus reducing the 
transportation of materials as well as the crossing of flows was taken from Eagle. The U- flows were 
taken from U2 which allows for mutual assistants and better positioning of finished and unfinished goods. 
By following Wilson’s (2010) recommendations, the pallet construction machines are dimensioned to 
incorporate redundancy in the form of buffers to reduce production loss in the event of downtime and 
variation. The placing of the stock for pallets and pallet collars in the warehouse was inspired by U2 as 
well as the conveyor belt leading directly to the warehouse. This layout would only require one big 
forklift that operates separately to where people move.  

 

 

Figure 30- Layout for concept Double Down 

The trolleys arrive through the roof, as is today, and are transported either to unloading station 1,2 or 
the flexible unloading station that is located at the bottom of the U-turn in this concept. The flow of 
trolleys and the way the operators work is identical to that in Eagle, and the flow of crates is described 
in U2. 

 

6.2 Concept evaluation 
By using the specification of requirements, the different layout concepts could be evaluated in order to 
find out what concept is most suitable. The greenfield layout Eagle and the existing layout are only 
graded to serve as references when evaluating U2 and Double Down.  
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Table 7- Concept evaluation with weights in the x-axis direction, and demands in the y-axis direction 

Score/Demand Weight U2 Double 
Down 

Eagle Existing 
layout 

Crossing of 
flows 

4 3 5 5 0 

Flexibility of 
expansion 

3 5 4 5 4 

Transport of 
materials 

4 4 5 5 3 

Safe work 
environment 

5 4 4 4 3 

Susceptibility of 
downtime 

5 4 3 3 3 

      
Total Max = 

105 
83 87 90 54 

 

The concepts received similar scores in the evaluation. However, it is reasonable to discuss where the 
two layouts differ the most. Double Down receives grade 5 in the requirement regarding the crossing of 
flow while U2 is assigned the grade 3. This is because U2 causes the forklift to cross the trolley line once 
as well as the packaging material needs to be moved from the buffers behind the elevator and to the 
buffer where the operators use the packaging, which also is a crossing of the trolley line.  Another great 
advantage with the Double Down, which was directly adopted from Eagle, was that it separated the 
lifting of products and the packaging of products to two different sides of the conveyor belt. This causes 
a deterioration of the work content but was judged to have great benefits regarding increased efficiency 
in forms of higher production rate as well as increased rationality in forms of centralization of inventory. 
We believe that the changes in the working environment that is caused by the separation of work tasks 
can be compensated for by the organisational measures, such as the modifiers presented by Westgaard 
and Winkel (2011) and AFS 2012:2 (2017). 

Still, the marginal differences led us to realize that another factor had to be included during the evaluation, 
which was implementation cost. Ferruform had an interest in which layout grants the highest value for 
the lowest cost. Furthermore, we realized that the implementation of Double Down requires a massive 
reconstruction of the trolley line, which does not play well with the request from Ferruform. Thereby, 
the benefits of Double Down were extracted and transformed into a floating form of structure and logic 
rather than a completed concept. In the detailed design, Double Down was solidified once again and 
adapted to the existing premises, called concept Wing.  
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7 FINAL CONCEPT 
This chapter includes and makes use of the findings from the mapping of the current state, its’ analysis 
and the generation of concepts. Details that may improve the work situation are presented and included 
in a implementation plan leading up to the vision for the crossmember painting line.  

 

7.1 Detail design 
The main goal for doing the detail design for Double Down was to adapt it as much as possible to the 
current layout and positioning of machines without compromising the advantageous features too much. 
This is motivated by making changes as cheap as possible. The layout is visible in figure 31.  

 

Figure 31- Layout for concept Wing 

Unloading station 2 and the loading station that can be found in the current layout are still in the same 
position, and the buffer line can still be used. The general shape of the trolley line will also remain, but 
will be complemented with a wing on which one loading and unloading station is added. It is still possible 
to have a significantly larger pallet construction machine with buffer in this concept, largely since the 
stock for unfinished products has been moved to the warehouse. The flow of products, materials and 
work organisation is very similar to that of Double Down.  

When evaluating the concept and ranking the concept in the specification of demands, it scores slightly 
higher in susceptibility of downtime and one point lower in transportation of materials compared to 
Double Down, see table 8. The final score of the concept is 88 points. The marginal difference is weighed 
up by the prospect of cheap implementation and utilization of current features.  
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Table 8 - Final concept evaluation with weights in the x-axis direction, and demands in the y-axis direction 

Score/Demand Weight Wing U2 Double 
Down 

Eagle Existing 
layout 

Crossing of 
flows 

4 5 3 5 5 0 

Flexibility of 
expansion 

3 4 5 4 5 4 

Transport of 
materials 

4 4 4 5 5 3 

Safe work 
environment 

5 4 4 4 4 3 

Susceptibility of 
downtime 

5 4 4 3 3 3 

       
Total Max = 

105 
88 83 87 90 54 

 

 

7.2 Material ordering system 
This suggestion was generated during the analysis but was not given much attention as it involves the 
development of technical details that are not within the scope of this thesis. However, this is a short 
description of how the material handling system could utilize available data and eventually be digitalized. 
The aim of developing such systems would be to get a better approximation of the ordering quantity 
and remove the human estimation. It is a step towards reducing waste and finding the normal state in 
material handling as well as reducing the workspace being over-cramped or the production coming to a 
halt. When it is established and functioning and if the logistic department agrees, extra deliveries will 
reduce the required space for the packaging material.  

This is a fictional example of describing the proposed material ordering process. The orders from 
customers are delivered, probably in an excel file. From there the running order is established on the 
planning sheet. Let us say that the production goal is 100 trolleys and the planning sheet specifies that 50 
contain crossmembers and 50 contain Brackets. One trolley of crossmembers fill four crates, and one 
trolley of brackets fill six crates. Then there are going to be 200 crates of crossmembers and 300 crates 
of brackets. By multiplying each with the specified amount of packaging material required according to 
the instruction sheet a total amount of required material can be attained.  

Of course, doing these calculations by hand will be very time- consuming. However, the finesse is that 
this system could easily be digitalized by simply assigning each article-number a couple of attributes in 
either an excel sheet or a simple code. The customer orders then constitute the in-data, and the article 
number and quantities can easily be converted to the total amount of required packaging material. The 
idea is to create an inventory control system that is a combination of a fixed order size, variable order 
interval system and a fixed order interval, variable order size system. The inventory is inspected on a 
fixed basis and is only refilled after the inventory has been reduced to the order point, which in this case 
is anchored in the present productions goal. According to Owens & Warner (1996) this design should 
aid to minimise excess inventory and at the same time manage to still be effective during variation and 
downtime. 
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7.3 Implementation plan 
This implementation plan aims to successively suggest changes to finally achieve the vision for the 
crossmember painting line’s future state. The idea is to consider Eklund et al. (2016) and Joosten et al. 
(2009) thoughts of successive development that is characterized by how changes are interpreted and 
implemented by the organisation. We believe this implantation plan for the final concept will increase 
the possibility that the final layout will be successively implemented.  

To achieve the vision, the layout must change as well as adding some organisational features. The timeline 
in figure 32 is a description of how we believe the vision can be reached, as well as the order in which 
these steps should be taken. Three steps/milestones are suggested where similar or dependent functions 
are altered together for an easier transition. These steps are called Normal state, Right from me, 
continuous improvements.   

The three-step implementation plan is a result of the backcasting method. In it, technical suggestions are 
coupled with organisational measures for improving the chances of successful adoption and 
implementation of the recommended changes. This action is supported by Philips (1997) who argues 
that all technical and organisational issues are interrelated to some degree. It is therefore reasonable to 
present an implementation plan that covers both aspects.    

 

 

 

In the analysis, we described which building blocks in the Scania production system were failing in the 
current situation. In our implementation plan, we will once again refer to SPS and suggest measures for 
fixing the building blocks to make them work. Each step will start with the organisational prerequisites 
required for successful implementation and thereafter present technical solutions along with an illustration 
of the updated layout. The step is concluded with a short summary.  

 

Right from me Normal state Continuous 
improvements 

TBM 
2.0 

ELIMINATION 
OF WASTE 

TAKT 

NORMAL SITUATION 

STANDARDIZATION 

RIGHT FROM ME CONTINUOUS IMPROVEMENTS 

LEVELLED 
FLOW 

QUALITY 

Figure 32 – Timeline of the three steps and the transition to a future state of the crossmember painting line, along with which 
building blocks will be dealt with and in what stage. 
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 Normal state 
This first step is, as suggested by the heading, to find a normal state on which further improvements can 
be built. It is also aimed to reduce resistance towards changes. As we concluded in the analysis, variation 
in availability and working methods is the leading cause for the current state not having an established 
normal state (Wilson 2010). The blocks that seem to be missing are visible in figure 33 results in less 
crossing flows, safer work environment and possibilities for working more standardized since flows are 
better defined.  

 

 

To increase acceptance, adaption and allow fine-tuning of the new layout, this first organisationally- 
oriented step is aimed to reduce resistance towards changes as well as creating the prerequisites for finding 
the normal state. The measures are largely reactive, meaning they fix current faults and are thus rather 
substantial since the visible issues often have a variety of reasons as to why they occur.  

The role of the PS has been diluted over time since the role rather has become that of an additional 
operator instead of a middle manager that can step in when needed if abnormal situations occur as well 
as developing colleagues. This has caused important organisational functions to fail, and through isolation, 
partly is a reason to why the organisation of work differs drastically between shifts and harmful cultures 
have been formed.  We believe that setting standards as well as educating and making sure that colleagues 
work accordingly is the first step towards finding the normal state. Another important task this role must 
have is educating new employees on how to perform their work tasks safely and effectively. By assuring 
that everyone knows how to use the equipment designed for reducing harmful working conditions and 
are allowed to practice this to become efficient, the employees will be able to work at the crossmember 
painting line longer without getting musculoskeletal disorders. In the long term, this will increase the 
overall efficiency since competent workers can stay and resources for educating new employees are not 
required to the same extent.  

We also believe the lack of this role to be a reason to why communication between departments has 
failed and development-work and improvements have become disassociated from the shift teams, 
resulting in malcontent, resistance, and disbelief in the management, according to the interviews. It may 
also, according to Imada and Robertson (1887) and Wilson (1995b) arguing, be a reason to why new 
lifting aids are met with resistance and at least perceived to be poorly designed as a consequence of the 
process lacking important input from the end-users. By closing this gap in the organisation and once 
again connecting the shifts to each other and to the rest of the organisation, we believe that the “workers- 
collective” will be opened and the “us” and “them” feelings as described by Lysgaard (1961), vanished.   

We suggest lifting out the PS role from the work rotation schedule and once again making the role into 
that it was meant to be, a middle manager role that supports and educate colleagues, developing and 
establishing new ways of working and making sure to sustain the gains of improvement work. Today, 
there are two PSs in each shift, and we suggest starting by lifting one of these out from the work rotation 
to start with. Of course, another operator needs to be hired or else no actual change is likely to occur. 
Concerning, resistance towards organisational changes and restoring mechanisms, Abrahamsson (2002) 
argues that gender order, meaning gender segregation and gender hierarchy, plays a large role in the 

ELIMINATION OF 
WASTE TAKT 

NORMAL SITUATION 

STANDARDIZATION LEVELLED FLOW 

Figure 33- Building blocks that need to be fixed in the normal state step 
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extent to which these phenomena occur. The stronger established a gender order is within an 
organisation, the more instances of restoring mechanisms and difficulties in changing the workplace 
appear to happen. Thus, we also recommend hiring a more diverse workforce and by that make the 
transition towards the vision easier, as well as sustaining the gains of the changes that are made. 

Since the working conditions at the crossmember painting line changes due to the new layout, measures 
to counteract the harmful consequences, described by Eklund (1997), Börnfelt (2006) and Berglund 
(2010), must be introduced. Recommendations for reducing the harmful effects of takt are according to 
AFS 2012:2 (2017): Job rotation, Extension of work, and Work enrichment. These recommendations 
are aimed to reduce the dullness of work tasks as well as to reduce the effects of short cycle time and 
repetitive work tasks. 

Now, another implication that a takted flow will have is that the amount of control that the operators 
have will be reduced. According to the demand- control- support model by Karasek and Theorell (1990) 
stress depend on three dimensions. If the level of one dimension is decreased, it can be compensated by 
increasing the other two. In this case, it would mean that adjusting support and demand would help 
maintain or improve the current situation. We believe that the support dimension will increase by 
allowing the PS to perform the tasks that he or she is meant to perform. 

We recommend the following organisation related actions: 

1. Lift out one PS from each shift’s job rotation 
2. Employ one more person to compensate for the missing PS 
3. Introduce a controlled takt and visual takt board 

This first layout change is aimed towards creating a well-planned cellular layout with minimal crossing 
flows that allow for further development in case the capacity would prove insufficient. The most 
prominent feature of the layout, is the separation of trucks and operators, making way for a safer work 
environment (Larsson & Rechnitzer, 1994; AFS 2006:5, 2016). This is achieved by centralisation of the 
packaging material that the operators, still easily can access. The occupied area will be reduced with the 
implementation of the material ordering system earlier suggested, and if it is not sufficient, more regular 
deliveries of packaging material will be needed.  

 

Figure 34 - The first step in transforming the layout 
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The production is in this case manned by a total of 13 people, where two are loading articles, three, are 
working with treatment, seven working with unloading related tasks. The last employee is the PS who 
is not counted to the rest of the operators. The strength in this concept is, as earlier described, its similarity 
to the current layout when it comes to machine positioning and trolley line. However, there are some 
obvious differences, such as the new U- flow of the conveyor band and the leftmost elevator that used 
to be situated next to the other unloading station. Since one of the elevators will need to be accessed by 
a forklift to handle bulky and low- volume products such as the air suspension beams, a section of the 
wall need to be removed to allow forklift traffic. Doing this allows for forklifts to access it without having 
to operate in the vicinity of humans.  

These changes will probably result in a production capacity increase due to more effective flows and less 
handling of material. A crucial feature that the system needs to involve is to reduce variation, especially 
variation concerning downtime. With the new layout, more room is available for the pallet construction 
machine, allowing either for replacing the current machine with a new - even though it is larger - with 
another machine that has higher reliability, or adding a buffer for pallets with mounted pallet-collars.  

Apart from the pallet construction machine, the technical equipment is the same as the current system.  

We recommend the following layout- related actions. 

• Introduce material ordering program 
• Move unloading station one  
• Remove parts of the wall for forklift accessibility to Unloading station 1  
• Build an airlock for the warehouse entry to prevent letting out the heat. Removing the walls 

will make the work climate worse and instable if this is not done. 
• Move the pallet construction machine and add a buffer to it. 
• Build the U- flow using conveyor belts.  
• Centralize the packaging material stock and invest in racking.  
• Introduce the new work task that supplies packaging materials to the operators who place 

articles in crates.  
• Remove redundant forklifts 

 

 Right from me 
The step is aimed towards making ground for implementing new technology in an effective way where 
operators are given education, and problems that are encountered can be solved. The main objective is 
to motivate employees to feel ownership and by that fulfil the building block right from me, leading to 
better quality arriving at the end customer according to our previous reasoning in the analysis.  

 

 

Right 
from 
me 

QUALITY 

Figure 35- Building blocks that will be fixed in the step Right from me 
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We believe that the third step requires a workforce that are involved in the changes, has a high degree 
of job satisfaction, are motivated and open to changes. We also believe that it will be important to have 
a forum where doubts can be communicated, listened to and taken into account. Additionally, we believe 
that it is essential to have a healthy work culture established so that instructions, recommendations, and 
standards are followed. This will be critical when evaluating the progress and status of the system. 
Measures from the earlier steps contribute to achieving these prerequisites for successful implementation 
while some are more important than others, such as user participation which requires a functioning flow 
of information.   

We recommend incorporating a high degree of user participation. This process should already have been 
started during step 1. If this method is functioning, motivational factors such as achievement, the work 
itself, responsibility and growth is possible to achieve in the Two factor Theory, which according to 
Herzberger et al. (1959) would result in a committed workforce through a higher degree of job 
satisfaction. However, if this method is not functioning properly and development work stays internal 
within the shift while nothing happens with the suggestions, it qualifies for the Arnstein's (1969) lower 
forms of participation. By that, we would like to stress that simply having participation as a function is 
not the same as making use of participation. Neither results nor engagement will be achieved by simply 
having participation, instead, we understood from interviews that it may have a counterproductive effect 
by enforcing the feeling of not being listened to. 

In the analysis, we saw that the perceptions and expectations on how long development work should 
require varies drastically between the shift, red, and green arrow development department. Thus, 
departments may be working with development but in the lack of feedback, suggestions may be 
perceived as ignored, discarded or that the operators are not listened to.  

Thus, we suggest introducing and reinstating meetings between shift, GP and the red arrow developers 
to take place weekly where new information may travel, along with feedback concerning ongoing 
projects. Additionally, we recommend introducing a visual tool to follow up on ongoing projects such 
as a whiteboard in the staff room where all shifts visually take part in what is going on. The general 
structure can, of course, be modified, but we recommend it containing the categories in table 9. 

This will bridge the flow of information vertically in the organisation but measures still have to be taken 
to allow for information to flow horizontally. At another department, there was an initiative amongst 
the GPs to have a weekly meeting to discuss what is going on at their workplace. This may be an option 
that would prove effective at the crossmember painting line as it allows for information to flow 
horizontally.  

 

Table 9 - Suggestion on a layout for improvement board 

What Why Who When Status 

Pallet 
construction 
machine 

Lots of downtime The development 
department 

End of June Active 

     

     

 

The PS role has a high workload in the current situation and thus prioritize his or her work which 
proved counterproductive since meeting the production goals often was prioritized at the expense of 
important organisational functions. If the PS role is to work according to the description of the role and 
perform tasks that are lacking, the workload cannot be as high as it is today. This will be of utter 
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importance when introducing new technology since standards have to be established and colleagues 
educated in them, malfunctions explored, understood and reported. To make this truly effective, we 
recommend lifting out the second PS from the work rotation at this stage if it has not been done earlier. 

By doing this, more emphasis can be dedicated to developing the workplace and engaging the workforce. 
Applying the research of Imada & Robertson (1987) and Wilson (1995b), a high degree of participation 
will lead to ownership, and by that, engagement, job satisfaction, and pride in one’s work. Feeling 
ownership over one’s work, we believe is an essential condition for doing Right from me. Allowing for 
learning to happen, and development of employees by attaining knowledge of the new technologies will 
also enable Herzberger’s motivational factor growth which will further enforce a motivated workforce 
who are dedicated and work hard. As mentioned earlier in the analysis, feeling responsibility and wanting 
to do right from me will make quality inspections to be more committed and happen voluntarily, in 
comparison to the level that has been achieved in the Normal State step, where it is regulated by 
standardization.    

In summary, the organisational changes are about satisfying the resources describe by Bakker and 
Demerouti (2007) to create an initiative for the operators to do right. We have also chosen to combine 
the organisational changes and rationalisation strategies with some of the modifiers presented by 
Westgaard and Winkel (2011) to establish a sustainable work environment. 

 

We recommend the following organisation related changes 

• Motivate by incorporating a high degree of user participation 
• Communicate throughout the organisation 
• Introduce a feedback white-board in the staff room 
• Lift out second PS and hire one more operator to fill his or her spot 

 

The second step when altering the layout aims to prepare and allow for expansion when the current 
capacity is not sufficiently meeting the demand. This step will require some substantial investments as 
they make way for increasing the capacity significantly. The layout is visible in figure 36. The system is 
manned by 15 -16 individuals since there are two additional operators at the new elevator, and the 
second PS has been lifted from the work- rotation. 
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Figure 36- The second restructuring of the layout will allow for higher processing capacity 

 

By also letting the new unloading station act as a loading station, we believe that the cycle time of both 
loading and unloading will be somewhat similar, resulting in a balanced system. At unloading station 
three, the trolley will be cleared of hooks and articles that are packed into the crate with the same division 
of labour described earlier. Once the trolley is cleared, the operator standing on the other side of the 
conveyor belt will move over to the elevator and start loading articles together with the colleague already 
in place. If the demand was to increase, an additional operator could be hired, making the number of 
people working at unloading station, three. We estimate an increase in production capacity to at least 
around 30 %. 

 

For this to be realized these actions will be required 

• Increase capacity of pallet construction machine to serve two unloading stations 
• Construct the trolley- wing 
• Install a new unloading station 
• Adjust the packaging material for a two-person operation 
• Hire two or three operators depending on demand 
• Program the pallet construction machine to send crates in a 3-2-3 pattern or a 4-2-4 pattern if 

two or three operators working respectively, to maintain a balanced flow.  
• Get one more forklift to serve when loading articles. 

 

Thus, getting familiar with the new layout, reaching a normal state and making it work will be in focus. 
Using the new unloading station in the way suggested, partly as unloading and loading station, is far from 
optimal, but may be a necessary transition to make this solution economically justifiable. However, we 
do recommend the transition from Right from me to Continuous improvements to happen swiftly.  We 



 73 

estimate that an increase in production could be somewhere between 30-50 % simply with the additional 
unloading station.  

 

 Continuous improvements 
When reaching this step there has been changes to the work environment, the organisation of work and 
the workplace culture. Now that a normal state has been reached in a production system that allows for 
expansion without affecting other factors substantially, manned by a workforce that has been empowered 
and feels responsible for their workplace, the process of continuous improvements can start and reach 
their true potential. This step can be related to Wilson’s (2010) definitions of lean characteristics. The 
idea is to establish a strong and healthy culture that is managed consciously, continuously and consistently. 

 

 

For the last step, all that is left is to add the loading station to the wing which will maximize the utilization 
of machines and unloading stations in the new layout. To get the maximum output from the system, the 
conveyor belt could act as a buffer for crates. Unloading station 1 should then let two empty crates pass 
before they start unloading their articles.  

 

Figure 38- Final concept 

 

CONTINUOUS 
IMPROVEMENTS 

Figure 37 - The last building block for re-establishing SPS 
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This last step has all technical prerequisites for reaching the maximum efficiency allowed by the suggested 
layout. A finesse with it is that no additional operators are required since the operators standing by 
unloading station 3 can switch over to loading station 2 and by that balancing the number of trolleys 
being loaded and unloaded. When the need for increasing capacity arise two operators can be hired to 
man the loading station and by that allowing the two operators standing by unloading station 3 to fully 
focus on unloading trolleys. With the new division of labour, the additional loading and unloading 
station. The system is manned by a total of 19 employees, where four are loading articles, 10 working 
with unloading related work, three are working with treatment and at least two PSs. We estimate an 
increase in production to be somewhere around 150% of the current system. This last step contributes 
to SPS by supplying the technical prerequisites for finding a normal state and to work with continuous 
improvements although this will require other actions that are not directly related to the technical system.  

Following, in Table 10, is a summary that include and categorize all suggested measures in five categories: 
Rebuilding/relocating, Investments, Disinvestments, Other, and Organisation. 
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Table 10 - Summary and categorization of required changes 

Normal State 

Rebuilding/ 
relocating Investments Disinvestments Other Organisation 

Unloading station 
1 Conveyor belts Redundant 

forklifts 
Material 
program 

Lift out one PS 
from each shift’s 

job rotation 

Removing walls Racking - - 

Employ one more 
person to 

compensate for 
the missing PS 

Airlock for 
warehouse entry Takt board - - Introduce a 

controlled takt 
Relocate pallet 

construction 
machine 

Buffer for pallet 
construction 

machine 
- -  

Right from me 

Rebuilding/ 
relocating Investments Disinvestments Other Organisation 

Trolley wing Trolley line - 

Programming 
of pallet 

construction 
machine 

Motivate by 
incorporating a 
high degree of 

user participation 

Racking Unloading 
station - Hire 2 or 3 

persons 

Communicate 
throughout the 

organisation 

Build a bridge 
over the conveyor 

Racking if 
needed - - 

Feedback white- 
board in the staff 

room 

- 

Additional pallet 
construction 
machine, or 

switching to new 

- - 

Lift out second PS 
and hire one 

more operator to 
fill his or her spot 

- One forklift - -  

Continuous improvements 

Rebuilding/ 
relocating Investments Disinvest

ments Other Organisation 

- - - 

Program pallet 
construction 

machine to new 
takt 

Continuous 
improvements 

- - - 
Hire two people 

for loading 
station 
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We believe that these changes will help the Crossmember painting line to develop in a good direction 
that is in line with relevant research and knowledge from work- science and Scania’s values and point of 
view regarding an efficient production system.  

 

 

Figure 39 - Scania production system temple as re-established by restoring the failing building blocks 
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8 DISCUSSION 
This project performed at the crossmember painting line at Ferruform has helped better understanding 
the implications of high and inexorable production goals in a vulnerable production system and the 
consequences that it has on the rest of the production, behaviours, and organisation itself. When different 
logics and goals are conflicting with each other, and one trumps the other, the most important and 
controlled is sure to be prioritized. In a system that is controlled by KPIs, the less prioritized tasks, but 
none the less important in the long run, may be disregarded without it being noticed directly. Eventually, 
it is noticed due to the slow demise of that production system, but then difficult to understand since 
certain behaviours, intentions and informal grouping has been established and may be the cause for 
problems. This project has mapped and analysed such system and suggested improvements for reinstating 
a healthy and functioning production situation.  

The report combines knowledge of how an effective and stable flow can be achieved that is characterized 
by a safe work environment and a rational material handling system. The most important changes for 
making the work environment safer and more effective is to perform the first technical changes suggested 
in the normal state. This step separates trucks and humans and places the technical equipment in the 
locale based on their relation to each other. The other two development phases are simply to increase 
the capacity of the system and maintaining the profitable features achieved in the first step.  

 

8.1 Relevance 
The suggested changes will allow Ferruform to create an effective and rational workplace as it is a guide 
in how they successively can form the workplace according to the Scania Production System by doing 
the layout changes and following the recommendations in prerequisites for implementation. It will not 
only make a safer and sustainable work situation for the operators, but also a situation where resources 
are used more effectively, contributing to economic sustainability. Regarding the physical work situation 
and the new division of labour that the new layout requires, the content of work is reduced and the 
repetitive motions, as well as short cycle times, are increased. Since this makes for a worse work situation, 
we want to stress the importance of making use of the recommendations from the AFS 2012:2 (2017) 
that are Job rotation, extension of work and work enrichment. While using a high degree of participation 
will meet some of these criteria to a certain extent, this is something we recommend Ferruform working 
actively with to assure social sustainability. 

 

8.2 Process 
A deviation that we had to make from our planned process was to limit the number of workshops that 
we had intended to perform with the operators since the material became overwhelming. We were still 
able to use a high degree of participation in our work process due to the many conversations and 
discussions we had with the shifts. The mapping and analysis turned into a more extensive and broader 
task than we first anticipated. Nonetheless, this contributed to a well-founded result that can be truly 
helpful to the current situation at the crossmember painting line.  

Since the mapping and analysis in this master thesis are substantial and a lot of time resources were 
dedicated to them, a large portion of the result is constituted of these parts. Consequently, the suggestions 
for improvements are not described or presented in such detail as a full and direct implementation would 
require. Since the foundation is established but some details may be lacking, we recommend Ferruform 
to carefully read the analysis and perform further detail designs to the suggested layouts and 
recommendations before implementing it fully. 
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8.3 Conclusion 
Early on in the project, we could conclude that finding an explanation for the ergonomic situation being 
the way it is was not going to be easy and have one simple cause. In fact, the ergonomic situation was a 
result of many factors of the workplace such as inexorable demands in a downtime-stricken production 
line, the dilution of organisational roles and a lack of education when introducing new employees. This 
could be concretized and explained by the Theory of planned behaviour that pointed out that intent is 
formed from attitudes towards a behaviour, subjective norms and perceived control. Thus, when aiming 
to improve the ergonomic situation, it is fruitless just to focus on developing new lifting tools, since it 
only seems to directly affect a fraction of that which forms the intention towards a behaviour. It also 
proved our hypothesis that the reason for the ergonomic situation being the way it is rather is a result of 
many factors, instead of just the lack of sufficiently effective tools. This reasoning explained our first 
“What problem is the basis for the ergonomic situation at the crossmember painting line?” 

The extensive mapping that was performed allowed us to identify where the system fails to be efficient 
and rational today, and the analysis of what causes it, which prevented us from building in the same flaws 
in a new suggestion. Our step by step guide in both technical and organisational measures will be 
important when developing the workplace. Thus, the second research question “How can an efficient 
and rational workplace be developed at the crossmember painting line?” has been answered. 

The entire process started with a broad mapping of the workplace where problematic areas were 
identified. After this, the reasons why the problems occur were investigated in the analysis. This led us 
to perform a thorough mapping and analysis of the current state which enabled us to see root causes to 
other problems as well. In our concepts, we used the material attained in the mapping and analysis and 
could construct more efficient flows that allowed for a safer work environment with a rational way of 
working. In particular, we developed a layout that separated forklifts from humans, which in the current 
system was viewed as the largest breach in a safe work environment. Thus, our results and 
recommendations as a combination of technical and organisational changes answer our third research 
question: What can Ferruform do to provide a safe and sustainable work environment at the crossmember 
painting line?” 

 

8.4 Recommendations for further work 
As mentioned earlier, the suggestions are the foundation in how we believe that a rational workplace 
that is safe and sustainable can be achieved and developed for Ferruform. However, before full 
implementation, some details in how everything will work practically needs to be developed.  

The material ordering program that we recommend will have to be developed as well. In the results, the 
general structure in what it should contain is presented, but the program still has to be written and a way 
of smoothly making use of the available data in the order book developed.  

Regarding automation, the new division of labour and reduced work content opens up for the possibility 
of automating some processes. However, according to Bellgran and Säfsten (2005), a functioning system 
needs to be reached before functions can be automated since existing production-related problems cannot 
be extinguished by implementing automation. Thus, we suggest first adopting our suggestions and once 
a stable process and normal state has been reached investigate the possibilities of automating the processes. 

We hope that these findings, conclusions and suggestions reached when redesigning the production 
system at the crossmember painting line will result in a work situation that is rooted in Scania’s 
production system, characterized by efficiency, rationality and safe work environment where committed 
individuals can be challenged and developed. 
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