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ABSTRACT 
 

Today there is a shift from mass production to mass customisation due to changing customer 

needs in the global market. This thesis report analyses customisation in a modular system through 

a case study in the truck industry with focus on development of a new seat solution. The customer 

requests showed a demand for one to two additional seats in the cab. In order to answer to various 

customer needs, companies implement modular product development principals which enables 

them to produce in a rapid speed, minimize costs, increase performance and produce a high mix 

of products. The established RQ:s were:  

 

RQ1: How do companies improve competitiveness by translating customer needs into technical 

requirements?  

 

RQ2: What are the challenges and possibilities when making changes in a modular system? 

 

The thesis followed the first steps in the product development process due to delimitations in 

time, scope, and research quality. The data was collected through a literature study, interviews 

with customers and archival records and documentations at the case company. The study resulted 

in two final concepts, namely a seat solution and a bench solution which answered to the 

customer need of one to two additional seats in the cab.  

 

A conclusion was that it is crucial for companies to understand the in-depth customer needs to 

provide higher customer value, which in turn can contribute to strengthen the companies’ 

competitiveness. The correct translation of customer needs to technical requirements is essential 

for the development of a modular system. Challenges and possibilities when making changes in 

a modular system was found to be design complexity along with opportunity to reuse existing 

components. Both the translation of customer needs and design decisions regarding a modular 

system is achieved in the earlier stages of the product development process. It is thus of high 

importance to translate the customer needs correctly and make thoughtful decisions of the 

modules in the modular system to ensure company competitiveness.   

  

Keywords: Customer needs, modularization, truck industry, cab, seats  

 

 

 



SAMMANFATTNING 
 

Idag sker ett skifte från massproduktion till masskundanpassning till följd av att kundernas behov 

förändras på den globala marknaden. I studien analyseras kundanpassning i ett modulsystem 

genom en fallstudie inom transportindustrin med fokus på utveckling av en ny säteslösning. 

Studien visade att kunderna efterfrågar en till två extra platser i hytten. För att kunna svara på 

olika kundbehov implementerar företag modulära produktutvecklingsprinciper som gör det 

möjligt för dem att producera i hög takt, minimera kostnader, öka prestanda och producera en 

bred variation av produkter. De upprättade forskningsfrågorna var: 

  

F1: Hur kan företag förbättra konkurrenskraften genom att översätta kundbehoven till tekniska 

specifikationer? 

 

F2: Vilka utmaningar och möjligheter finns vid förändringar i ett modulsystem?  

  

Examensarbetet följde de första stegen i produktutvecklingsprocessen på grund av 

tidsbegränsning, omfattning och forskningskvalitet. Data samlades in genom en litteraturstudie, 

intervjuer med kunder samt dokumentation från företaget. Studien resulterade i två slutliga 

koncept, nämligen en säteslösning och en bänklösning som svarade på kundernas behov av en 

till två extra säten i hytten.  

  

En slutsats var att det är en avgörande faktor för företagen att förstå de djupgående kundbehoven 

för att skapa ett högre kundvärde, som i sin tur kan bidra till att stärka företagens konkurrenskraft. 

Korrekt översättning av kundbehov till tekniska krav är även avgörande för utvecklingen av ett 

modulsystem. Utmaningar och möjligheter vid förändringar i ett modulsystem visade sig vara 

designkomplexitet och möjligheten att återanvända befintliga komponenter. Både översättningen 

av kundbehov och designbeslut vid utveckling av ett modulsystem uppnås i det tidiga skedet av 

produktutvecklingsprocessen. Det är därför av högsta vikt att översätta kundens behov korrekt 

och göra genomtänkta beslut av modulerna i ett modulsystem för att säkerställa företagets 

konkurrenskraft. 

 

Nyckelord: Kundbehov, modulsystem, transportindustrin, hytt, säten 
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Bodybuilder  The company or person who do the final bodywork of the truck 
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R&D Research & Development  
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1 INTRODUCTION 

The introduction presents the thesis background and problem formulation along with the aim 

and research questions. The section ends with the project delimitations.  

1.1 Background  

Today there is a shift from mass production to mass customisation due to changing customer 

needs. Customers are not satisfied with the traditional mass production approach, were “one 

product fits all”. The customer wants to choose suitable product features in line with their specific 

needs (Shamsuzzoha, et al., 2010). According to Kleef, et al (2004) the identification of customer 

needs is a critical step for successful product development. One of the fundamentals when 

developing new products is to create customer value and satisfy specific customer needs. 

According to Kleef, et al (2004) the customer need arise from the preferences the customer 

already have. According to Shamsuzzoha et al., (2010) this forces manufacturing companies to 

change strategies from mass production towards customisation, affecting both product 

development and production system development. Shamsuzzoha et al. (2010), identifies the 

ability to quickly adapt to changing customer needs and new technology, to be critical factors for 

companies to stay competitive in the global market. In order to answer to various customer needs, 

companies implement modular product development principals which enables them to produce 

in a rapid speed, minimize costs, increase performance and produce a high mix of products 

(Shamsuzzoha et al., 2010). According to Baishu & Fengli (2011) the driving force for successful 

achievement of modular product development is to measure and understand the variation of 

customer needs. This is also the case in the truck industry.  

 

A leading brand in the truck industry is Scania CV AB. Scania works with sustainable and 

efficient transport solutions and deliver heavy trucks, buses, engines and services to customers 

worldwide. Scania’s success factor is their unique modularization system which allows them to 

deliver custom-made trucks with premium quality (Scania, 2019). Scania’s modular systems 

offers different performance steps to satisfy various customer needs. The trucks operates in 

various segments, which represents a wide range of customers in applications such as 

distribution, fire rescue, refuse collecting, mining, hook lifts, car- and bulk transport, to mention 

a few. Scania’s department of research and development (R&D) consists of two different 

divisions. The first is ordinary orders (A-order), which works with the standard products and 

develop modules for a large customer segment. The second one is special orders (S-order) which 

is the department working with customised truck development. S-order represent approximately 

10-12 % of the produced vehicle volume at Scania. S-order handles special requests from 

customers concerning design or functionality changes. A key driver for S-order is flexibility, 

which makes it possible for the company to meet specific customer needs with shorter time to 

market. In 2016 Scania launched a new truck generation (NTG) consisting of five different cab 

types. They offer various seats, benches and belt solutions, but S-order receives a large number 

of customer requests for even more seat solutions. Due to decisions made in the early stages in 

the product development process of NTG, some customer requirements were restricted. This was 

due to for instance limitation in production, high cost and low volume. 
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1.2 Problem Formulation  

Scania’s modular system covers a broad range of varying customer needs, but there is a gap in 

the cab program for additional seats. The customers require a solution with a total of three to four 

seats in the cab. Today Scania offers solutions for one or two additional seats in three of the five 

cab types. The gap leads to lack of market shares and loss of customers and therefore need to be 

covered.  

1.3 Aim  

The aim of this study is to be able to answer the increased customer requests by developing a 

modular solution for additional seats. To fulfil this, two target values were established. 

1. The solution should fulfil 80 % of the most frequently asked customer requests. 

2. The solution should enable Scania to cover 5/5 cab types with additional seats and hence 

fill the gap in the cab program. 

1.4 Research Questions 

To fulfil the aim of this study two research question have been established and will be answered 

at the end of this report.  

 

RQ1: How do companies improve competitiveness by translating customer needs into technical 

requirements?  

 

RQ2: What are the challenges and possibilities when making changes in a modular system?  

1.5 Project Delimitations 

This study was conducted over twenty weeks, full time by two students from Mälardalens 

University (MDH), at the case company Scania. The thesis was delimited to focus on the early 

stages of the product development process and did therefore not contain a detailed design, 

physical product or plan for production. The study mainly focused on practical perspectives 

concerning the number of passengers, layout and interior of the cabs. The seats were identified 

as a separate module and no design changes was done to them. Since the cab consisted of an 

existing modular system, focus was to reuse as many existing components as possible in order 

to reduce the number of new components, save costs and reduce time to market. The study did 

therefore not focus on styling in terms of colour, upholsteries or individual aesthetic preferences. 

Since Europe represented 59 % of the sales and delivery market, a legal requirement analysis 

was conducted by European standards (Scania, 2019).  
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2 RESEARCH METHOD 

This chapter describes the research method that has been used in this project. The chapter consist 

of the research process, research strategy, data collection, data analysis and discussion of the 

research quality.  

2.1 Research Process 

The project followed a research process to be able to fulfil the aim of this study and answer the 

research question. In figure 1, a visual description of the research process is presented. As seen 

in the figure the different parts of the project were investigated parallel. Worth pointing out is 

that the project was an iterative process with Scania, and during the process a dialog between the 

students and the company were accomplished on daily bases.  

 

 
 

Figure 1 - Research process 
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Customer Focus

2.1.1 Product Development Process  

The research design that were used in this study was the product development (PD) process 

proposed by Ullman (2016) in combination with the new product development (NPD) proposed 

by Sänn (2015) (see figure 2). The proposed processes have been combined to fit this project. 

Since the customer need had a great focus in this study, the customer-oriented process NPD were 

used. NPD have a great understanding of the costumers and how they influence each step in a 

product development process (Sänn, 2015). This project focused on the first steps of the product 

development, which resulted in a concept delivery. When the choice to only include the first 

steps in the development process was made, the authors took into account time, scope, and quality 

of the study.  

 

 

 

2.1.2 Customer Focus 

During the PD-process in the study the customer played a central role. This since the focus was 

to investigate the customer needs and keep the customer needs as an important factor during the 

whole process. According to Ulrich and Eppinger (2012) they describe this as a process in five 

steps: (1) Collect data from customer, (2) Interpret and analyse data to customer demands. (3) 

Organize the demands after relevance, (4) Determine the needs actual value, (5) Reflect over 

result and process.  

 

Data about the current customer needs were investigated according to the process above. 

Additional information about customers latent needs were collected through interviews with 

customers and potential customers. Most important with this process was to create an 

understanding of the customers and their needs.    

2.1.3 Product Discovery 

A part of the research was to create an understanding of the product and the problem, this to be 

able to answer the RQ:s. When creating an understanding of the problem Ulrich & Eppinger 

(2012) propose a five step method: (1) Clarify the problem, (2) Search Extern, (3) Search Intern, 

(4) Investigate Systematic, (5) Reflect over the solution and the process. 

 

The proposed method where partly followed to create an understanding. This was accomplished 

through interviews within Scania, through real-life experience of the product and production of 

the cab. External searches were performed to create an understanding of the existing market. This 

was achieved through benchmarking and were used to evaluate how the product would stand 

compared to the competitors. Five competitors cab types were compared. The brands were 

selected from two criteria’s (1) they were all participants in the 1000 – points test 

(eurotransport.de, 2018), which is a performance comparison between trucks, and (2) they could 

be seen as strong competitors.  

Product 
Discovery

Concept 
Generation

Concept 
Selection

Concept 
Delivery

Figure 2 - Product development process 
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The competitors different cab solutions were summarized in a chart, according to Ulrich and 

Eppinger (2012) this is a good way to visualise the result. The internal searches focused on 

evaluating existing solutions both from A-order and S-order, this by using archival records and 

documentation. The result was used to support decisions during the development. 

2.1.4 Concept Generation 

Concept generation is a creative process, but to get the best result a structured method was 

proposed (Ulrich & Eppinger, 2012). When using a method it is easier for the team to consider 

different angles of the problem, seeing that less is overlooked and more solutions are found. 

During a concept generation the ideas can start as irrational, impossible thinking and then lead 

to a more realistic idea. A concept is supposed to present rough picture of the product visually 

and technical parts (Ullman, 2016).  

 

A combination of idea generation methods where used to reveal new angels of the problem. This 

was accomplished through a group activity with 10 persons. They all work at the case company 

but in different areas to create a broad range of ideas with less limitations. Methods used where 

brain writing and scenario-based idea generation (Michanek & Breiler, 2007). During the process 

the problem to be answered was:  What is the best possible solution to transport 3-4 passengers? 

The session was performed according to the following process:  

 

1. Icebreaker 

2. Brain writing: Each person individually generated ideas to solve the problem (5 min) 

3. Passed the idea to next person and generated additional ideas to their idea, x2 (3 min) 

4. Presented the generated ideas, short discussion. 

5. Scenario-based idea generation: The group were given three scenarios from three 

segments: firefighters, refuse collectors and driving schools. Each scenario were 

discussed in pairs based on these questions: What activities are most important for each 

user? What is the best possible solution to transport 3-4 passengers? 

6. Presented the ideas and discussed the similarities and differences for each segment.  

7. Final discussion, was to create one last idea from the information given during the 

discussions.  

 

During the process no judgment and criticism were allowed.  
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2.1.5 Concept Selection 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3 – Selection process 

 

The concept selection process is visualised in figure 3. All concepts from the idea generation 

were summarized and evaluated using a top 10 approach. This was the initial concept selection 

(concept selection 0) which separated the ideas that was feasible in the near future from the ones 

with no possibility to be implemented in the near future. This resulted in seven remaining 

concepts that were developed further. According to Ulrich and Eppinger (2012) it is important 

to document choices and decisions during the process to understand why different concepts are 

not selected. The next step in the selection process was to evaluate the remaining concepts using 

a Pugh matrix (concept selection 1). The Pughs matrix consisted of 14 selection criteria’s based 

on the customer needs. The selection criteria’s were weighted based on importance and the 

concepts were evaluated by help of a reference. The concepts were weighted, (0) = equally good 

as reference, (-) = worse than reference, or (+) = better than reference. This resulted in three 

concepts that were developed further or combined to create the best possible solution. Before 

concept selection 2, a list of pros and cons for each concept were established and evaluated. 

Selection 2 were based on an extended, more detailed list of selection criteria’s and above all 

gave an overview of the modularity aspects and market value, which resulted in two final 

concepts. To confirm the final concepts, a feasibility test was performed on the two concepts.  
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2.2 Research Strategy 

This section describes the execution of the case study. 

2.2.1 Case Study 

A case study was conducted at the case company. According to Yin (2014) a case study is a 

profound investigation of a real-life setting. This type of research can be implemented in various 

contexts and subjects, such as studying of a person, organisation or event etc. (Saunders, et al., 

2016). In this case the boundaries of the subject studied and the context of it was not clear at the 

beginning. It was important to understand the context of the case and the interaction between the 

subjects studied (Yin, 2014). A case study often generate in-depth empirical data which can 

answer “what” and “why”, and gives a dynamic insight to a certain situation (Saunders et al., 

2016). To accomplish this, the study used a mixed method research design.  

      

Yin (2014) divide the research strategy into two dimensions, namely single case versus multiple 

case and holistic case versus embedded case. A single case study is often used to present a 

critical, unique or extreme case. While a multiple case study consists of more than one case and 

allows for replication (Saunders et al., 2016). Since the aim of this study was to give an overview 

of a solution to fit various customer needs and different cab types, a multiple case study was 

conducted. According to Yin (2014) a holistic versus embedded case discusses the degree of 

units being analysed. A holistic case study comprises of an analysis of one single unit, for 

instance treating an entire organisation as one unit. An embedded case on the other hand, would 

divide the organisation into sub-units, like different departments, to be analysed (Saunders et al., 

2016).  When conducting a case study, it is important to ensure that the choice of approach suites 

the established research questions and objective. Based on the research questions and objective 

of this study, a multiple embedded case study was conducted.  

 

2.3 Data collection 

The data collection consisted of the following methods: literature study, interviews and archival 

records and were executed between 2019-01 and 2019-05.  

2.3.1 Literature Study 

The purpose of conducting a literature study was to map and asses earlier research and by help 

from the literature form a frame of greater knowledge (Tranfield, et al., 2003). Therefor the 

authors conducted a literature study to get a greater understanding mainly within the areas of 

customer needs and modular systems, but also within ergonomics and safety regulations. To find 

relevant literature limitation to the search were made, within a ten year period 2009-2019 in the 

field of engineering. Selected databases were Scopus and Emerald insight. The academic search 

engine Google Scholar was also used. Selected databases provided relevant information to 

selected fields. The search was conducted by using different combinations of the keywords: 

Customer needs, customer value, customer satisfaction, modularisation, modular system, 

product architecture. These keywords represent the area of relevance for this study. When 

reviewing the literature it followed the six phases proposed by Mieke (2017). 

 

1. Search for relevant articles using chosen keywords within the scope. 

2. Save titles and abstracts using reference management software. 
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o Excel was used as software. 

3. First screening: Read titles and abstract. 

4. Data extraction: Extract relevant data. 

o Articles were marked after interest, green = good, yellow = good but not perfect, 

Red = Not right for this thesis.   

5. Second screening: Read the whole articles. 

o Articles marked in green were read to find information of relevance.  

6. Summarize the findings.  

o The findings in the articles was summarized under theoretic framework. 

In addition to presented literature method, snowballing was used. Snowballing is a method were 

citations from scientific articles are reviewed to find more information within the research area 

(Webster & Watson, 2002). When additional articles of relevance were found in the citation these 

were read as well.  

2.3.2 Interview   

The data was collected through semi-structured interviews to gain quality data. The identification 

process of customer needs often is a qualitative research task (Hauser & Griffin, 1993). 

According to Yin (2014) interviews are an important source of information in a case study. The 

types of interviews in this study consisted of a theme of key questions that varied depending on 

the person being interviewed and the flow of the conversation (Yin, 2014). The interview 

questions can be seen in appendix 1. According to Saunders, et al., (2016) semi-structured 

interviews can be beneficial in an exploratory study to understand complex problems, contexts 

and relationships among variables. Since the problem was not clearly defined at the start of this 

study, the first step was to understand the problem and create an understanding of its context. 

Interviews were therefore preformed with different departments affected by the problem, such 

as the market department, R&D, resellers and customers. This created an understanding of why 

certain decisions were made at the case company and allowed the researchers to establish a 

personal contact with the interviewee. The interviews facilitated to clarify the problem and 

improve and formulate the research question and objective (Saunders et al., 2016). By using a 

semi-structured interview approach, there was time to clarify or deepen the interviews in respond 

to certain questions. This increased the significance and detailed depth of the data collected 

(Saunders et al., 2016). The customers interviewed in this study was chosen based on information 

from the archival records and documentation at the case company, along with customers that 

already had a solution with additional seats.   

 

Two interviewers were always present at the interviews to get a wider understanding, perspective 

and interpretation of the answers. This also enabled the researcher to gather and analyse data 

through different points of view and thus broaden the perspective of the (Saunders et al., 2016). 

Some interviews were conducted over the phone due to long travel distances between the 

participants. In this case, one researcher was leading the discussion and asking questions while 

the other one was taking notes. The aim with the interviews was to create a relaxed discussion 

rather than a questioning. Due to the substance of the interview, namely creating a broader  

understanding of the problem, the interviews were not transcribed but summarized by the 

authors. The length of the interviews varied between 10 minutes up to one hour depending on 

the purpose. In table 1, the interviewee’s role are presented along with the company, department 

and purpose of the interview. 
Table 1 - Presents the interviewees role, company, department and purpose of the interview 
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Role Company Department Purpose 

Sales Engineer S-

order 
Scania Product adaptions 

Understanding of the 

PRS 

Design Engineer Scania Cab interior 
Understanding about 

current seat program 

Product Planning 

Manager 
Scania Market responsible 

Information about 

the urban market 

segment 

Sales Engineer Scania 
Distributor Scania 

Sweden 

Information about 

ordering process and 

customer needs 

Design Engineer Scania 
ASC – Customised 

truck development 

Information about 

collection of 

customer needs 

Design Engineer Scania 
ASC – Customised 

truck development 

Information about 

existing solutions 

Salesman Scania Resales 

Information about 

specific customer 

needs 

Customer Driving school - 
Information about 

their customer needs 

Test Engineer Scania Benchmarking 
Information about 

competitors 

Production Engineer 
Laxå Special 

Vehicles 
Production 

Study visit to 

understand the 

product components 

and capability in 

production 

Customer Fire rescue - 

Study visit to gather 

information about 

their customer needs 

Customer Refuse collector - 

Study visit to gather 

information about 

their customer needs 

Design Engineer Scania 
Defence truck 

development 

Information about 

existing solutions 

2.3.3 Archival Records and Documentation 

As a complement to the interviews, archival records and documentations were used. Saunders, 

et al., (2016) describes the progression of digitalisation to have broaden the scope for this type 

of research strategy. This enabled online access to a vast amount of sources. Sources that was 

used were communication through email, individual documentation such as presentations, 

business cases and previous concepts, internal databases and personal contacts. According to Yin 

(2014) archival records and documentations is often viewed upon as secondary data due to the 

fact that it is originally created for another purpose than research. This is important to keep in 

mind when conducting the research. 

 

The purpose of the collected data was to establish an overview of the customer needs over a 

larger time span. Therefore, the product request system (PRS) at Scania was studied. The PRS is 
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a software system were the reseller or distributor send in requests about specific customer 

requests to S-order. In this case, the request studied were dated back from August 2016, when 

the NTG program was released, until January 2019. The data collected were based on 50 requests 

and gathered by using the following keywords in the PRS, seat, S-order, NTG and active. The 

50 requests were sorted out of 150 search results which were examined and marked as green or 

red depending of its relevance for this study. A limitation was made to dismiss all request from 

the defence sector due to the significant differences in user area and product requirements. No 

other limitation was made based on application, segment or status of the PRS. In this way, all the 

requested customer needs from the PRS was compiled and visualised.    

2.4 Data Analysis 

The data analysis describes the methods and tools used to analyse the collected data in terms of 

evaluation of product modularity and customer needs.  

2.4.1 Design Structure Matrix  

To manage and sort vast amount of information in a complex system Eppinger and Browning 

(2012) presents a design structure matrix (DSM). This technique was used to help the team to 

manage and design in a complex modular system. In comparison to other techniques a DSM 

gives a visual representation of a system architecture (Eppinger & Browning, 2012). It can be 

used in various systems such as product-, organisation-, or process architecture. This study 

focused on establishing a product architecture DSM were the matrix analysed and visualised the 

components and the interfaces of the product. Eppinger and Browning (2012) describe the DSM 

as a tool that facilitate design for modularity and development of sub-systems. According to 

Shamsuzzoha et al., (2010) the use of a well-constructed DSM minimizes the product 

development lead time, minimize cost in production and increases the production quality.   

 

Development of a product architecture DSM 

According to Eppinger and Browning (2012) development of a product architecture is performed 

in three steps, namely (1) hierarchical decomposing of product components, often using a product 

breakdown structure (PBS), (2) selection of functions to the components, and last (3) interaction 

between the components. The three steps were used in this project to establish a DSM. The DSM 

was structured as an N*N square, were N represented the number of components. The correlation 

and interaction between the components were market in the corresponding row and column (see 

figure 4).   

   

       

 

 

 

 

 

 

 

 

 

Eppinger and Browning (2012) identifies a number of challenges to consider when creating a 

DSM, namely establish clear boundaries, identify the types of interaction, level of interaction 

 A B C D E F G 

Element A A 1    1  

Element B  B  1    

Element C 1  C    1 

Element D    D 1   

Element E  1   E 1  

Element F   1   F  

Element G 1    1  G 

Figure 4 - DSM 
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and level of system complexity. Beyond this, the authors followed certain criteria’s established 

by Eppinger and Browning (2012) to develop a successful DSM, namely have a clear purpose, 

adjust the amount of detail to the purpose, ensure accessibility to knowledge of the system being 

analysed, treat the DSM as a “living model” and promote emergence of latent needs. 

2.4.2 Quality Function Deployment  

A Quality function deployment (QFD) was used as a method to analyse the customer needs 

(what) and translate them into technical requirements (how), figure 5 display what a QFD looks 

like. Ulrich and Eppinger (2012) describes the QFD as a tool for customer-centred quality 

development and the first step in the process is to establish a target specification. According to 

Fargnoli, Haber and Sakao (2018) this technique is used to maximize customer satisfaction of 

the product being developed. A QFD gives a good visualisation of the correlation between 

customer needs and measurable technical requirements. According to Ullman (2016) a QFD 

identifies crucial information about a certain problem. Ullman (2016) describes the eight pieces 

of valuable information as (1) identifying customers, (2) capturing customer requirements, (3) 

understanding what is important to the customers, (4) benchmarking the competition, (5) 

developing engineering specification, (6) relating the engineering specification to the customers’ 

requirements, (7) developing targets for engineering specifications, and (8) determining the 

interdependence of engineering specifications. According to Ulrich and Eppinger (2012) the 

most valuable technical requirements is the ones who’s clearly reflects and measure the customer 

needs. In practice this can be challenging due to the fact that it can be essential to establish more 

than one technical requirement to satisfy one specific customer need. The authors followed a 

number of guidelines established by Ulrich and Eppinger (2012) when creating the QFD, namely 

the properties should be complete, the properties should be dependent (establish what-not-how), 

the properties should be practicable (some customer needs cannot be quantifiable and 

measurable with technical requirements. These needs can be subjective and evaluated by a focus 

group) and the properties should be comparable on the market. 

 

To reduce the complexity and adapt the QFD to the case study, it was delimited. The parts used 

were the customer needs and translation to product properties together with the relationship 

between them. In addition, a matrix with measurable technical requirements and benchmarking 

of competitors were done separately.      

 

  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5 - QFD 
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2.5 Research Quality 

This section presents the research quality by highlighting the validity and reliability of the 

project. 

2.5.1 Validity 

Validity refers to the use of proper measurements in accordance to the research objective, 

accuracy of the analysis and generalisability of the research findings (Saunders et al., 2016). 

Validity is supposed to acknowledge that the research method measures what it is intended to 

measure (Kvale & Brinkmann, 2009). In this study, triangulation was used to increase the validity 

of the research by collecting data using three different data collection methods. Triangulation 

advocates the use of two or more different data collection methods to gather independent data 

(Saunders et al., 2016). This approach enabled the researchers to confirm data from various 

sources and hence strengthen the findings. To increase the validity further, a suggestion was to 

use observations of customers to identify latent needs and get a deeper understanding of the 

customers and their habits.  

 

Critic has been directed to case studies since the research strategy cannot be generalized and 

thus, do not contribute to theoretical knowledge due to the small sample size. Although this 

argument is losing its meaning as the value of qualitative and mixed methods studies is more 

widely acknowledged (Saunders et al., 2016). Yin (2014) also argues that the use of a multiple 

case study approach allows literal and theoretical replication. In this study quantitative data from 

the PRS was gathered along with qualitative from interviews to strengthen the findings. Also 

documentation of the process and choices have been made throughout the research to ensure 

research quality.  

2.5.2 Reliability  

According to Saunders, et al., (2016) reliability refers to the ability to replicate a research design 

with consistency in the result. To ensure internal reliability Saunders, et al., (2016) facilitates the 

use of more than on researcher. In this study two researchers were always present when 

conduction the interviews and workshops. This enabled the researchers to gather and analyse 

data through different points of view and thus broaden the perspective of the study.    

 

It is important to remember that the interviewee was affected by the interaction with the 

interviewer which will have an impact on the data collected. According to Saunders, et al., (2016) 

the interviewer can create a verbal or non-verbal bias in both asking and interpreting the answers. 

Similarly, the interviewee can create bias and perceptions about the interviewer. The level of 

personal trust between the interviewer and interviewee can thus affect reliability and validity 

(Saunders et al., 2016). Participation bias, which refers to the willingness to participate 

concerning for instance time aspects or in some cases effects of cultural differences between the 

participants, can also affect the data collected (Saunders et al., 2016). 
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3 THEORETICAL FRAMEWORK  

The chapter will include the following areas: customer needs, modularisation, ergonomic and 

safety. This in combination with the empirical findings will be used to answer the RQ:s.  

3.1 Customer Needs 

The customer plays a central role in an organisation, high customer satisfaction leads to business 

opportunities. In line with increased demand for product variety and customisation, mass 

customised products are developed to satisfy specific customer needs (Carulli, et al., 2013). It 

puts more pressure on the company to be able to deliver the right value to the right customer. 

The company need to be able to build a learning relationship, Bergman and Klefsjö, (2012) define 

this process in four steps: (1) identify the customer and their needs (2) Differentiate customers 

after need and value. All customers are not equally important to the company. (3) Open dialogue 

with customers. (4) Customise those products and services that is offered to different customers.   

 

To be able to build more customised products, companies must assess specific customer needs 

to capture the voice of the customer (VOC). Both to capture and understand the customer needs 

are difficult (Carulli et al., 2013), (Park & Lee, 2011). Traditionally companies has collected the 

customer needs through surveys, group interviews, reference groups or feedback from sales 

agents and retailer (Park & Lee, 2011). Usually this has been seen as standard procedure during 

the product development process. Unfortunately, this process is time consuming and costly, and 

in relation to what the organisation actually gets from it, they usually ignore it (Widodo & 

Novibrilliawan, 2018). Research has shown that customer surveys does not catch the real 

customer need, therefore an alternative to catch the customer latent need is through a study on 

the user behaviour, which has shown to be more successful. Seeing that it is easier to catch the 

latent need when looking at the behaviour (Carulli, et al., 2013). When using a reference group 

to investigate the customer need, it tend to be misguidance for the designer, because customers 

tend to have another vision of themselves as individuals than in reality. On the other hand, 

organisations can use the glamorised picture customer has of themselves, when developing and 

marketing the products (Gudem, et al., 2013). Also, most of the methods are subjective which 

makes the result interpretable and also restricted due to high costs and the need for geographically 

extent which makes them limited (Park & Lee, 2011). If a designer would ask the customer of 

their needs, most likely it is hard for them to explicit anything new, more likely they ask for 

products already on the market (Kleef, et al., 2004). Furthermore there are different aspects to 

understand why customer buys specific products. The customer tend to buy products through 

emotional, psychological, socio-cultural aspects and not only for functional reasons. To 

understand and analyse how the product affect the customer emotional, the designer need to have 

great knowledge of the users wishes and experiences. Designing a product related to a meaning 

are more complicated to design, on the other hand if it succeed the product will have a long-term 

competitive advantage (Gudem, et al., 2013).  

  

3.1.1 Translate Customer Need to the Designer 

Park and Lee (2011) define two main issues when collecting customer requirements, often they 

tend to be linguistic, inexact and probably qualitative in nature. The challenge is to translate it 

into structures and analysable material. The second challenge is how the translation of 

requirements to product specifications can be accurate. To create attractive products the design 
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engineers need to understand market information (Livotov, 2016). According to Liotov (2016) it 

is most common that organisation leave the translation and evaluation of customer needs to the 

research and development (R&D) and the market segment. This is a risk because it makes the 

evaluation subjective but also the fact that a well working communication between the customer, 

distributor and market is needed. And above all the market division that receives the customer 

needs, need to be able to translate the customers´ requirements to the designer (Livotov, 2016). 

Rese, et al., (2015) propose a need for a systematic approach to translate the customer needs. 

One way to achieve this is through a design tool that is used to capture the real customer needs. 

One design tool is for example a QFD, through that design tool the designer can connect the 

customer requirement to a technical attribute (Rese, et al., 2015). To uncover customer needs, 

organizations have to search for the customer latent needs, the needs they still are unaware of or 

customers satisfaction. Livotov (2016) point out an important factor, that R&D misses out on 

more than 40 % of the opportunities in new innovations. Therefor it is a big risk to not include 

the customer when developing new products. The differences between customer needs should be 

evaluated and understood by R&D, in that way the organization can increase the customer 

satisfaction (Livotov, 2016). 

3.1.2 Customer Value 

Lindstedt and Burenius (2016) define customer value as a relationship between the perceived 

benefits the customer gains from a product, and the total exhaustions in time, money and efforts 

demanded by obtaining and using a product. Mass-customisation are supposed to satisfy a larger 

amount of customer, however mass customisation does not mean that the organisations has added 

more value for the customer (Khan & Haasis, 2016). A driving force in an organizations success 

has been recognized as the customer. To be able to produce competitive products that meet the 

customer value or exceed the customers’ expectations, an understanding of the customer is 

required (Park & Lee, 2011). However the customer value is subjective which means that it is 

affected by the products image, rumours and the customer’s personal experiences. A product can 

never satisfy every customer, it often tend be a trade-off. For example, one unusual colour as a 

customer request may decrease the impressions of quality for another customer (Widodo & 

Novibrilliawan, 2018). One way to reduce the trade-off is by using other ways to interact with 

the customer. For example some extent information technology can be used (Park & Lee, 2011). 

Once the product is delivered to the customer, the actual value can be defined. The first step 

towards mastering customer value is learning how to systematically analyse and identify 

important areas in which superior customer value can be created. One way to achieve this is 

through observations of the customer. When they interact with your organization and product 

(Gudem, et al., 2013). 

 

When a designer wants to add value to a product, information about the customer is important 

for success (Lindstedt & Burenius, 2016). According to Kleef, et al., (2004) you can categorize 

customer information into three subsystems: of-the-customer, for-the-customer and by-the-

customer. Of-the-customer is personal data and collected data from a customer. For-the-customer 

is information of the product that can be useful for the customer. By-the-customer is information 

received through the customer, like complaints. When designing a product understanding the 

customer value is crucial, it reflects to which extent the attributes of a product fulfil the customer 

needs (Gudem, et al., 2013). 
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3.1.3 Customer Satisfaction 

Customer satisfaction depends on how well the user experience is in line with the customer’s 

satisfaction. Customer’s previous experience determine how customers understand the intended 

and actual value of a product. Therefore customers with previous experience tend to have a higher 

satisfaction level than customers with no experience of the product. Understanding customer 

value is not equal to a successful product design (Gudem, et al., 2013). 

 

How to measure customer satisfaction is more often done when customers express that they are 

not satisfied through complaints. However, that is not really a measurement of customer 

satisfaction. According to Bergman & Klefsjö (2012) customers tend to complain to their friends 

and co-workers of how unsatisfied they are. Therefor there is a long way before the distributor 

gain knowledge about the problems of the product or service. Bergman and Klefsjö (2012) also 

gives an example that if a company has 100 unsatisfied customers, four of them will send in 

complaints, while the others will spread rumours that gives the company a bad reputation which 

leads to 1000 lost sales opportunities.  

 

One way to measure customer satisfaction is by using the Kano model, which is a way to measure 

customer requirements in relation to customer satisfaction (Zaho, et al., 2019). Customer need 

can be divided in three groups (1) Basic needs, (2) Spoken needs, and (3) Unspoken needs. The 

basic needs are those needs that are so obvious that they are hard for the customer to express but 

if they are not there the customer will be unsatisfied. Spoken needs are those needs that best 

respond to what the customer actually asks for and expresses as most important. The unspoken 

needs are those needs the customer are unaware of. By finding the unspoken needs an 

organization can gain competitive advantage, and this will contribute to the “wow-factor”. 

Customer satisfaction is a subjective quality and is placed in relation to the degree of satisfaction. 

Customer needs and expectations are a constantly evolving process (Zaho et al., 2019), (Bergman 

& Klefsjö, 2012). By using the Kano model, companies can identify important customer 

requirements that have a great impact on the customer satisfaction of the product (Zaho et al., 

2019). 
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3.2 Modularisation 

This section presents the theoretical framework of modularisation. 

3.2.1 Definition and Application 

Modularisation is mentioned in a variety of terms in literature, for example as a modular system, 

modular product development, product family architecture, product architecture and product 

platform. Shamsuzzoha et al., (2010) states that there are no general definition of modularity in 

the industry, but describes the term as a set of principles and design boundaries for reducing 

product complexity. Modularisation of product architecture can be seen as a method of 

decomposing components in a complex system into manageable sub-systems (Liu, Wong, & Lee 

2010). According to Ulrich (1995) the analysis of product architecture is most valuable to the 

R&D department in an organisation. It is in the early stages of product development crucial 

design decisions are made, often led by R&D. The early design decisions do not only affect 

technical issues at R&D, but performance of the entire organisation. Ulrich (1995) define product 

architecture in three steps, namely (1) the arrangement of functional elements, (2) the mapping 

from functional elements to physical components, and (3) the specification of the interface among 

interacting physical components. 

 

Shamsuzzoha et al., (2010) describes the difference between an integrated and a modular system. 

A modular system offers broader product variety due to the ability to change physical 

components depending on specific customer needs, which the integrated system do not offer. 

According to Shamsuzzoha et al., (2010) modularization is a necessity for a company to adapt to 

a flexible market and varying customer needs. This enables companies to stay competitive. Liu 

et al., (2010) states that a modular product architecture is the best way to handle varying customer 

needs in a cost- and time efficient way while ensuring high performance and quality. 

Shamsuzzoha et al., (2010) also highlights the benefit of a modular system in comparison to an 

integrated system based on its cost benefits and assembly advantages.   

  

3.2.2 Types of Modularity  

Ulrich (1995) divides modularity into three different categories, namely slot, bus and sectional 

architecture (see figure 6). Slot is referred to as a type were different components have different 

interfaces and cannot be changed in between themselves. A bus architecture on the other hand, 

have a common interface were other physical components can be attached. The final category, 

sectional, refers to a system were all component has identical interfaces and is assembled only 

by connecting all components to each other, i.e. there is no main structure. An example of this is 

a pipeline, which can only be used when all components are connected with each other. Liu et 

al., (2010) on the other hand, divides modularity into three other types of modularity, namely 

functional, physical and life-cycle modularity. Liu et al., (2010) states that the type of modularity 

depends on the development strategy referring to re-design or new design.  In practice products 

can consist of different combinations of various architecture types (Ulrich, 1995). The type of 

architecture depends on the level the product is observed at, referring to the final assembly or 

decomposition of the product into smaller sub-assemblies. Although many authors in literature 

states that a modular architecture is optimal, Ulrich (1995) clearly express that the choice of 

architecture depends on the situation. No product architecture is generally superior over another. 

Ulrich (1995) also states that companies can develop and manufacture products without even 
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having a pronounced product architecture. The author states that the identification of a product 

architecture is often emergent over time, rather than acknowledged deliberately.   

 

 

 

 

 

 

 

 

 

3.2.3 Development of a Modular System 

Liu et al., (2010) describes the product development process of a modular system in two steps, 

namely system level and detailed design level. According to Liu et al., (2010) it is good to analyse 

external requirements in the early stages of the product development process and investigate 

patterns in the purchase behaviour of the customer. This can be achieved by collecting customer 

needs and divide the customer into standardised segment groups. Although Hwang and Choi 

(2011) suggests the opposite, that companies needs to offer customised alternatives rather than 

grouping customer into segments to stay competitive in the market. Shamsuzzoha and Helo 

(2017) developed a design checklist as a guide for decision-making in modular product 

development. The first step to consider is evaluation of product architecture, estimated volume, 

number of variants and components, type of interface between modules, cost and customer 

expectation. Shi, Liu, and Yang (2010) describes a similar way to establish modular architecture 

through a design flow chart, starting with identification of the customer demands. Between each 

step in the process the chart encourages the user to ensure that the concept always satisfies the 

customer demands. The next step is, according to Shamsuzzoha and Helo (2017) investigation 

of existing solutions, level of flexibility and uncertainties in volume. This leads to the question 

if a new component is needed or not and how this should be managed. According to 

Shamsuzzoha and Helo (2017) final step is to evaluate the concept from a cost perspective. The 

authors propose a close connection between cost engineers and design teams were the cost should 

be treated as any other design parameter.    

3.2.4 Effects of Product Change in a Modular System 

According to Ulrich (1995) an extreme case of modularity enables one functional element of a 

product to be changed by altering the corresponding component without impact on the 

surrounding elements. In complex systems this is seldom the case. Ulrich (1995) presents a 

number of reasons for changes in a product architecture, namely upgrade, add-ons, adaptions, 

wear, consumption and flexibility in use. To correspond to this, a modular system/architecture is 

often beneficial. The product architecture and level of modularity of the product determines how 

much change that is needed to achieve the functional change (Ulrich, 1995). Liu et al., (2010) 

suggest the use of a functional diagram to get a holistic view of crucial functions and then 

grouping the functions to form a modular product architecture.    

     

  

Figure 6 - Three types of modularity (Ulrich 1995) 
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3.2.5 Product Variety  

Ulrich (1995) states that product variety is an important factor for company competitiveness. The 

author also states that a challenge for companies is to ensure desired product variety in an 

economically way. This is often associated with flexibility in production. Shamsuzzoha et al., 

(2010) states that a modular production process is crucial to obtain product variety without 

affecting quality, cost or delivery time. Although Ulrich (1995) and Shamsuzzoha et al., (2010) 

argue that the product architecture is the key to achieve high product variety. It is a balance 

between the level of product architecture and the flexibility in the production system. Liu et al., 

(2010) presents a variety analysis of product architecture modules, coupling interfaces and 

variants.   

3.2.6 Standardisation  

Standardisation of components refers to the use the same components in various products. This 

is closely related to the product variety. Liu et al., (2010) discuss commonality which refers to 

common product requirements, design features and physical structure of the products. The 

identification of component commonality is thus the first step when introducing standardised 

component between various product families. According to Ulrich (1995) component 

standardisation can only be achieved if (1) a component implements commonly useful functions, 

and (2) the interface to the component is identical across more than one different product. A 

modular system fulfils both requirements. Standardised components are often more cost effective 

than integrated components due to the increased production volume Ulrich (1995). Standardised 

components can also reduce complexity and lead time in the product development process. On 

the other hand, standardisation of components can lead to trade-offs concerning the capability of 

a specific application Ulrich (1995). A standardised component may not be optimal, but may be 

“good enough” and can be justified on account of the reduced component price. Ulrich (1995) 

highlights another risk to be the inability to develop new component technology due to 

challenges concerning compatibility of the base product.    

   

3.2.7 Challenges and Limitations   

Shamsuzzoha et al., (2010) describes the fundamental challenge of modularisation in the 

automotive industry to be the development of modular interfaces. The author identifies the lack 

of design rules when developing interfaces of modules to be challenging for product integrity 

and quality. Beyond this there is a lack of tools and practises for design engineers to use, ensuring 

the ideal level of modules and hence satisfy the required functionalities. According to Agrawal 

et al., (2013) modularity increases design complexity. In the automotive industry, systems are 

often complex and is therefore difficult and time consuming to modularise. Windheim, Greve, 

& Krause (2017) states that broaden product variety can decrease company performance due to 

lower lead time, reliability and product innovation. This can thus impact customer satisfaction. 

According to Shamsuzzoha et al., (2010) there are also external challenges regarding 

communication with suppliers, confidentiality information sharing as well as internal challenges 

concerning for instance communication between various departments in the organisation. Liu et 

al., (2010) suggests a feedback mechanism from R&D to the decision makers to facilitate cross-

functional communication. To sustain a modularisation strategy it is important to consistently 

evaluate and update it. Agrawal et al., (2013) argues that modularity facilitates challenges 

concerning performance loss in comparison to an integrated design, which leads to negative 

affect on sales. Hence, Agrawal et al., (2013) presents a hybrid model concerning different levels 
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of component sharing and product modularity to maximise profit without decreasing product 

quality. Although modularization is challenging, Shamsuzzoha et al., (2010) assesses it to be 

beneficial for companies in the long term.    

3.3 Ergonomics  

Ergonomics is an important factor for design engineers to consider during the development 

process when human interaction is expected. Ergonomics exist in every human interaction 

context and covers both physical, cognitive and social issues (SIS, 2011). Ergonomic principles 

are fundamental to ensure optimal integration of human characteristics into a design. The design 

includes for instance systems, users, activities or equipment, and aim to optimize the interaction 

between them. This to facilitate safety, performance and usability. The term ergonomic is 

identified by the International Ergonomics Association (IEA) as;  

 

“The scientific discipline concerned with the understanding of the interactions among human 

and other elements of a system, and the profession that applies theory, principles, data and 

methods to design in order to optimize human well-being and overall system performance.” 

(SIS, 2011) 

 

Based on ergonomic issues in various applications a number of International Standards has been 

developed to serve as a framework of ergonomic principles, covering fundamental ergonomic 

aspects. The European Standard ISO 26800 covers ergonomics general approaches, principles 

and concepts. This international standard ISO 7250 - basic human body measurements for 

technological design, comprises of anthropometric data of dimensional measurements of the 

human body. It can be used by ergonomists or designers to give an understanding of anatomical 

principles and measurements to develop an optimized design solution. Anthropometric data is 

often referred to as percentiles. The percentiles describes different sizes and measurements in a 

population. For example the 50th percentile male value represents the average body size of the 

studied male population. The 95th percentile male value represents a male who is larger than 95 

% of the studied population. It is common for designers to develop solutions fit for the 5 th 

percentile female and 95th percentile male to cover a large range of the population. According to 

Openshaw & Taylor (2006) this span covers approximately 90 % of the studied population.  

 

When developing solutions concerning both ergonomics and safety aspects, like in the 

automotive industry, it is important to follow certain standards and requirements. One important 

factor when designing seats is the H-point (International Organization of Standartization, 2000). 

The H-point (or hip-point) is located at the pivot centre of the torso in the height of the thigh and 

serve as a reference point for vehicle design and regulation. In the automotive industry, the H-

point is often measured relatively to the floor or to the vehicle sealing. The R-point refers to the 

seating reference point and is the manufacturers design H-point. The R-point establish the most 

common seating position. For instance the back angle is measured from the true vertical plane 

trough the R-point. ISO 6549 provides a restriction of the minimum foot angle to be no less than 

87o. The foot angle is measured between the centreline of the lower leg and the plane in line with 

the shoe sole. Figure 7 shows selected measurements of the 50th percentile European male.          
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Another important factor is the passenger space requirements. According to Tillman, et al., 

(2016), two passengers in a row need a total space of approximately 1170 mm, measured from 

the passengers outer thighs. The required height from the seat squab to the roof is recommended 

to be approximately 1040 mm to enable good movability.  

3.4 Safety Regulations 

Certification is a process which result in a Type Approval document. Which means that a 

certificate on a vehicle is a document verifying that a type approval is granted by a competent 

authority. For a costumer this verifies that the vehicle fulfil environmental, safety and security 

standards set in EU. Many markets requires the type approval called the European Community 

Whole Vehicle Type Approval (ECWVTA/WVTA). This certificate consist of a collection of 

different type approvals, where a requirement list from the EU directive 2007/46/EG (EU, 2007) 

is fulfilled. When certifying a vehicle the automotive industry are regulated to follow the EU 

directive 2007/46/EG. This is a regulation made by EU to get high quality of the vehicles on the 

road. All manufactures are obligated to test the vehicles according to the regulation, among other 

things, on test breaking performance, stability control, crash test with dummies and also 

manufacturing requirements on individual parts such as seats and steering wheel airbags. If the 

vehicle passes the test, the company are authorised so sell it. This also means that all vehicles of 

the same model that will be manufactured after the first certified vehicle, can correspond to that 

vehicles certification.   

 

Important to point out is that a vehicle can be certified on different levels and what kind of 

certification a vehicle requires can depend on country, market segment etc. Also the certification 

can be finished in different steps, a good example is the cab which is an incomplete vehicle until 

they add the body to it. In appendix 2 a list of different approvals can be found. For a cab the 

type approval is related to seat attachment, belt geometry and belt attachment points. According 

to the EU directive related to the cab these need to be fulfilled: UNECE ECE R14 – Safety belts 

anchorages, UNECE ECE R17 – Seat anchorages and UNECE ECE R16 – Safety belt. All of 

these regulations are related to determining the R-point and the actual torso angle for seating 

positions in motor vehicles. UNECE ECE R14 regulation for safety belt anchorages. By belt 

anchorages means the parts of the vehicle structure or seat structure or any other part of the 

vehicle to which the safety-belt assemblies are to be secured.  This requirements focus on the 

geometry for anchorages. Focus is to reduce the risks to get injured, by minimizing the risks for 

Figure 7 - Anthropometrics of an average European male user, 50th percentile.  

Sitting height (A) = 941,7 mm. Seat height (B) = 456 mm 



THEORETICAL FRAMEWORK 

 

 

21 

the belt to slip off if worn correctly also the risk for it to be damaged if it contacts sharp rigids. 

Also both the H- and R-point need to be defined. UNECE ECE R17 regulation for seat 

anchorages includes the strength of seats, to their anchorages which implies the system by which 

the seat assemblies are secured to the vehicle structure. Ans also to their head restraints. 

Concerning the approval of seat of vehicles with passengers, this regulation also includes 

forward-facing passenger seats, with focus on seat installation and seat anchorages. It does not 

apply to rearward-facing seats. UNECE ECE R16 regulation for seat belts include different seat 

belts were the arrangement of straps with a securing buckle, adjusting device and attachments 

which is designed to diminish the risk of injury to its wearer, in the event of collision or of abrupt 

deceleration of the vehicle. To get an approved certification these things need to be in order: 

drawing of seats, including the anchorage points, H-point and the prescribed areas for these 

points and corresponding dimensions. Drawings of seat boxes, rotation plates, slides and seat 

attachment points, including special solutions for specific positions. Coordinates of the R-point 

for each seating position. Values for seat adjustment; H-point range area and seat back angles 

(normal position should be stated). 
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4 EMPIRICAL FINDINGS 

This section presents the empirical data from the case company. First a description of the case 

company is presented followed by previous solutions, benchmarking, legal requirements, 

identifications of customer needs and lastly the concept development process. 

4.1 Case Company Description 

Scania focus on delivering high quality solutions with a high customer value. To achieve this, 

Scania’s core values are integrated in the daily work carried out in the organisation. The core 

values are connected to Scania’s premium branding and high quality work. The core values are: 

(1) customer first, (2) respect for the individual, (3) elimination of waste (4) determination, (5) 

team spirit, (6) integrity. Central in this study was: customer first – If Scania’s customers are 

successful then Scania will be successful.  

 

Scania is well known for their modular system which allows them to sell tailor-made transport 

solutions. The fundamental of using a modular system is to understand the customers businesses 

and demands. A modular system is supposed to meet each individual customer need. According 

to Scania, a good modularization means that the company can meet new customer needs and new 

legal requirements in a rapid speed. The toolbox at Scania is a dynamic component structure 

which contains possible combinations of a solution to be able to satisfy different customer needs. 

Each truck has its own DNA, based on the individual need of the customer. A common saying 

at Scania is:  

 

"In modular thinking, the odd variants are the normal." 

Lars Gardell (2009) 

 

The fundamental thoughts when using modularisation is “continuous evolution of properties 

planned in small steps”. In that way Scania can do changes and minimise the risk to get lack of 

quality. Unnecessary variation in a modular system can lead to less customer value. Therefor the 

aim is to meet the customer needs with the smallest change possible. S-order often tries to reuse 

existing components in the modular system to minimize changes and lower costs. If different 

customers have the same needs they should receive the same solution. If the modular system are 

unable to meet the customer request, Scania will try to develop the right solution for them. This 

is a way for them to catch new customer needs and develop new solutions.   

 

4.1.1 R&D Process 

To be able to meet the multiple customer requirements received from different customers, Scania 

has two different R&D divisions, as mentioned earlier. In A-order customers build their truck 

based on components from the existing modular system. The possible combinations are set from 

the beginning and have been developed to satisfy a broader range of customers. The other R&D 

division S-order, strive to meet customer needs that currently are not covered by A-order. This 

means that S-order is more flexible and has shorter time to market. In the S-order process Scania 

can build customised truck based on existing components from the modular system or develop 

new ones.  
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S-order process  

To understand the S-order process of a customised solution, from customer request to order, a 

simplified picture of the complex process is shown in figure 8. In reality there are several cross 

functional teams effected in the S-order process, like for instance production, purchasing and 

market. The customer needs are translated into technical specification in several steps and it is 

therefore very important for the S-orders design engineers to receive an accurate translation of 

the customer need, to ensure customer satisfaction. 

 

 
 

Figure 8 - S-order process in four steps 

 

The process in figure 8 can be described as follows: (1) the customer contacts the reseller and 

explains their need. (2) If the resellers are unable to meet the customer need, they contact the 

distributor to order a customised solution. (3) The distributor hands in a request to the sales 

engineer at Scania, which translates the customer needs into technical requirements. (4) The sales 

engineer then answer the request. If the sales engineer assess that the request need a deeper 

investigation, the request is sent forward to the design engineer. In this case S-order will 

investigate possible solutions and answer the request. If Scania is unable to meet the customer 

request they will answer no, otherwise they will answer yes. If Scania accept the request the 

customer can order a truck with the given specification. The process before the customer will 

have an answer is normally three weeks.   
  

Customer

Reseller

Sales 
Engieer

Design 
Engineer

Distributor 

Sales Engieer

Reseller

Distributor
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4.1.2 Cab Program  

Scania’s NTG program consists of five different cab types, customised to fit different segments 

and applications. The different cab types are called L, P, G, R and S. Except the cab types, 

customers also chooses cab length, namely 14, 17, 20, 28 or 31 decimetre, and roof height low 

(L), normal (N) or high (H). The compiled NTG cab program is presented in table 2. 

 

 

Descriptions of cab types 

The S-cab is the largest cab and the only cab equipped with flat floor which enables good space 

and high comfort for the customers and is suitable for long distance transports.  The R-cab is 

suitable for construction vehicles and distribution vehicles with a limited number of stops or 

medium distance transports. The G-cab is custom for distribution and construction applications 

with three entry steps. The P-cab have two entry steps and is similarly to the G-cab also suitable 

for customers in the distribution and construction applications. P28 and P31 is Scania’s extended 

cab with four doors and is henceforward called crew cab. The crew cabs are suitable for 

customers that wishes to transport a larger crew and offers space for up to a total of six persons 

including the driver for applications like fire rescuing. The L-cab is suitable for applications such 

as refuse collection and various airport vehicles. The L-cabs main feature is the low-entry with 

automatic lowering and one entry step, which facilitates for customer to get in and out of the cab 

fast and easy.  

Bed equipment 

All 20-cabs (except L20) is equipped with a lower bed and rear storage underneath the bed. The 

storage is reached by lifting the bed, or through a tool hatch on the exterior sides. Since the bed 

is mandatory and the customer requests more seats, the first step for S-order has been to remove 

the bed and rear lower storage. A picture of the bed and rear storage is shown in figure 9.  

 

Table 2 - NTG cab program 
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Cab Modules 

Despite the common modular lengths and roof heights across the cab types, a significant 

difference between them is the engine tunnel. An engine tunnel is an elevation in the centre floor 

over the truck engine. The L-cab with low-entry have the lowest floor and thus the highest engine 

tunnel, while the S-cab have a flat engine tunnel in line with the floor. In between the L- and S-

cab there is a variation of the engine tunnel height shown in appendix 3. Figure 10 provides an 

overview of the product architecture and modules of the cab that was affected in this study. An 

overview of the different rear walls and the DSM is presented in appendix 4 and 5. The 

comparisons and identification of differences and similarities between the various cabs served as 

the basis in the product development process. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 - Interior of R20 cab with bed equipment and 

rear lower storage 

Figure 10 - Cab modules 

Rear wall 

Engine tunnel 

Side wall 

Floor (RH & LH) 

Roof 
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4.1.3 Seat Program  

Driver and Passenger Seats 

Scania offers a wide range of seats with different features and performance steps to fit a large 

amount of customers and cover various customer needs. Figure 11 and 12 presents two different 

ordinary passenger and driver seats. The premium seat in figure 11 is of higher quality and higher 

performance step, while the basic seat in figure 12 is considered a slightly lower performance 

step due to the different features. A detailed description of the various seats, features and 

performance steps is seen appendix 6 and 7.  

  

 

Seat Adapter  

The seat comes with an adapter which is attached in the cab floor. The main purpose of the 

adapter is to achieve the same R-point for the driver and passenger position in all cabs. Currently 

there are two standard adapters, one for the S- and R-cabs, and one for the G- and P-cabs due to 

differences in the floor height (see figure 13 for an example of a seat adapter). Appendix 8 gives 

a detailed overview of the different adapters used.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 - Premium seat Figure 12 - Basic seat 

Figure 13 - Seat adapter 
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Additional Seat Program 

The standard offer when ordering a truck, concerning seat solutions, is to receive two seats, one 

driver seat and one passenger seat. Scania currently offers additional passenger seats in three of 

their five cab types, namely in L20, P14/17-, G14/17-cabs and the crew cab. Table 3 gives an 

overview of the current solutions concerning additional seats offered by Scania. The pictures in 

table 3 shows the seat solution and maximum number of seats offered, the blank box means that 

Scania do not offer a cab with this type of specification, and the line (-) means that the company 

do not offer a solution for additional seats for the corresponding cab type. The table gives a clear 

visualisation of the gap in the current seat program.    

 

 
Table 3 - Current state of additional seats offered by Scania based on cab type, cab length and roof height. 
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Tunnel Seats  

In P, G and L-cabs the additional seats are placed on the engine tunnel. In P- and G cabs only 

one additional seat is offered (see figure 14), and for L-cab only two additional seats is offered 

(see figure 15), meaning that for the L-cab the customer can’t order only one additional seat. The 

tunnel seat solution has been criticised by customers due to the negative ergonomic aspects, 

especially in G and P-cabs were the customer is positioned with their knees upright against the 

chest. To ensure safety and fulfil legal requirements the engine tunnels have been reinforced (see 

figure 16 and 17). A trade-off compared to the regular seats have been made regarding comfort 

due to space limitations. The tunnel seats it not offered with air suspension which can be seen to 

increase the comfort, and the tunnel seats are more narrow then the regular seats.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crew Bench 

The crew cab offers room for three to four additional passengers. The customer can choose either 

a bench with seat squab or bench with 3-4 individual seats (see figure 18-20). The seats offered 

on the bench are the same as the tunnel seats. The bench is mounted to the rear wall (see brackets 

in figure 21) and have two supporting legs with attachment points to the cab floor. 

 

Figure 14 - One tunnel seat in G14/17 and 

P14/17 - cabs 
Figure 15 - Two tunnel seats in L20 cab 

Figure 16 - Reinforcement on engine tunnel 

G- and P-cab Figure 17 - Reinforcement on engine tunnel L-cab 
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4.1.4 Safety Belts  

Driver and Passenger Seat 

All ordinary driver and passenger seats at Scania is currently offered with three-point safety belts. 

When the three-point safety belt is mounted to the seat, there is a higher demand on the 

reinforcement in the cab floor. In the event of a collision large stresses occur on the cab floor 

because the forces from the passenger and the seat affect the strength in the floor. The majority 

of the belts are mounted to the seats as shown in figure 22, but a few has safety belts mounted to 

the side wall (pillar).  

 

 

 

 

 

 

 

 

 

 

 Figure 22 - Three-point safety belt attached to the seats 

Figure 18 - Crew bench with three seats Figure 19 - Crew bench with four seats 

Figure 20 - Crew bench with seat squab Figure 21 - Attachment points for safety belts 

and crew bench on the rear wall 
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Tunnel Seat  

The tunnel seats in G- and P-cabs are currently not available with three-point safety belts, but 

only with two-point safety belts. The two-point safety belts worsen the safety of the passengers 

in the event of a collision and reflects low priority of safety to the customers. The L-cab on the 

other hand is currently offered with three-point safety belts. In the L-cab the belts are attached to 

a crossbeam in the rear wall as shown in figure 23. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Crew Bench  

The crew bench offers three-point safety belts for all bench and seats variants. The belts are 

attached to a crossbeam in the rear wall and the retractors are attached to the back of the crew 

bench structure along with the buckles (see figure 24). In the figures all five various belt positions 

are visualised. 

 

    

Figure 24 - Three-point safety belt in crew cab 

Figure 23 – Crossbeam with attachment points 

for three-point safety belts in rear wall L-cab 
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4.2 Previous Solutions 

This section presents previous work that has been developed at Scania or in cooperation with 

distributors and bodybuilders. Bodybuilders meaning the ones who do the bodywork of the final 

truck.  

4.2.1 Previous Truck Generation  

The previous truck generation at Scania, called NGS had a solution with two joined passenger 

seats at the ordinary passenger position (see figure 25). A disadvantage with this solution was 

that the passenger in the centre had limited leg space due to the position of the engine tunnel. 

This solution was not developed or transferred to the NTG due to the low demand. Instead the 

tunnel seats were developed.      

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.2 Bench Solution 

Since there is no factory solution at Scania for additional seats in all cabs, local bodybuilders are 

developing individual custom-made solutions. Figure 26, presents a local solution from a 

bodybuilder who, in cooperation with design engineers at Scania S-order, used spare parts from 

the crew bench to build a bench with two additional passenger seats, three-point safety belt and 

a storage compartment underneath the bench. This solution have not been certified by Scania, 

but have been certified locally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 25 - Passenger seats in NGS 

Figure 26 - Local solution from a bodybuilder in 

collaboration with Scania 
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4.2.3 Bus-Seat Solution 

In figure 27 another local solution from a distributor in northern Sweden is presented. The 

solution was a respond to a similar request as the bench solution described above. Although, this 

solution consisted of two bus-seats mounted to the cab floor with integrate three-point safety 

belts. However, according to an interview with a customer, they are not satisfied with this 

solution due to low comfort and lack of premium feeling.    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 27 - Bus-seats with integrated three-point safety belts 
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4.3 Benchmarking 

To ensure that the solution would be competitive on the market and hence provide market value 

and revenue for Scania, an analysis of competitors were performed. Five well known competitors 

were studied namely Mercedes, Volvo, MAN, DAF and Renault. The analysis of competitor 

solutions concerning additional seats is summarized in table 4. Pictures of the competitor 

solutions are presented in appendix 9. 

 
Table 4 - Benchmarking result concerning additional seats  

Product or service Strength  Weaknesses 

Mercedes  Offers two additional 

seats. 

 Offer four additional 

seats in the rear with a 

convertible bed (i.e. a 

total of six persons 

including the driver).  

 Custom tailored 

trucks.  

 Offers solutions for 

additional passengers.   

 Additional seats 

with convertible 

bed is limited to 

one cab type.  

Volvo  Offers two additional 

seats in the front row. 

 Offers two additional 

seats with air 

suspension.  

 Offers three-point 

safety belts. 

 Offers solutions for 

additional passengers. 

 High comfort.  

 Three-point safety belt 

for additional 

passengers. 

 Custom tailored 

trucks.  

 Do not market 

their solution    

MAN  Offers one additional 

seat in the middle with 

air suspension.  

 Offers solutions for 

additional passengers. 

 High comfort.     

 Additional seats 

limited to one cab 

type  

DAF  Offers two additional 

seats. 

 Offers three-point 

safety belts. 

 Offers solutions for 

additional passengers. 

 Three-point safety belt 

for additional 

passengers.    

 Additional seats 

limited to one cab 

type  

Renault   Offers two additional 

seats in the front row. 

 Offers one additional 

seat in the middle. 

 Storage under seats. 

 Offers three-point 

safety belts. 

 Additional seat 

solutions for various 

cab types  

 Offered as “A-order”  

 Storage 

 Three-point safety belt 

for additional 

passengers 

 Additional seats 

limited to two cab 

types (distribution 

and heavy 

construction) 
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4.4 Legal Requirements 

Since a truck is built not only by the manufacture but also by the bodybuilder, the truck can be 

certified in several steps. In this case, focus was on the type approval for affected parts inside of 

the cab. Affected type approvals for the cab interior was seat attachment, belt geometry and belt 

attachment points. When changes are made that effect these parts new test are required before 

the solution fulfil WVTA and can be delivered to the customer. If the changes corresponds to 

existing solutions, these can be tested through computer calculations. If the change requires new 

components or if it cannot correspond to existing solutions physical tests will be required. If no 

physical test is required, the expense would be the time for the design engineer to make the 

changes in drawings and calculation together with the administration cost for the type approval. 

In comparison to the cost to actually make a physical test where only the test at Research 

Institutes of Sweden (RISE) will reach an approximately cost for 100 000 SEK. If all papers and 

test are in order the estimated time to get a type approval is 4-6 weeks. Therefore Scania prefers 

to use the certificates they already have due to the extensive and costly process. To be able to 

deliver a fast solution to the customer, knowledge of how each certificate in the cab were affected 

by changes, and for which cab type existing components were certified was investigated, with 

focus on the components that effect UNECE ECE R14, R16 , R17 (see more information about 

safety regulations in section 3.4). Presented in appendix 10, a table present dependences of 

different certificates inside the cab.  

 

4.5 Identification of Customer Needs   

The identification of customer needs were found through investigation of the customer requests 

from the PRS along with interviews of customers. The customer needs were then translated into 

technical specifications in a QFD and formed into a target specification with measurable 

properties.  

4.5.1 Customer Requests   

A compilation of the gathered requests is presented in table 5. The numbers presented in the table 

represents the quantity of the customer requests. A few requests did stand out, namely the 

customer requirement of four seats in the cabs R20 and S20. The need for additional seats also 

affects the bed, which have to be removed for all 20-cabs. This is currently not available in A-

order, but has recently been done as S-order, therefor this customer have been seen as fulfilled. 

Another customer need that appeared was the requests for three point safety belts for the 

additional seats. Based on the customer request summarized in table 5, the main customer 

requests was to have four seats in the R17/20- and S20-cabs with three point safety belt, and 

three seats with three point safety belt in R20.   
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Table 5 - Compilation of customer requests from the PRS. The green mark represents existing solutions  

at Scania. The red mark represent the main requests 

 

Cab type L P G R S 

Cab length  20 14 17 20 28 31 14 17 20 17 20 20 

Customer needs                         

Three seats  41 x x 1 
    

x x 1 2 48   

Four seats x 1   1       11 5 150 249 226 

Six seats       1 x x     2   12   

Eight seats           5             

Foldable 

passenger seat (in 

middle) 

                    9   

Remove bed                 x   x x 

Three point 

seatbelt -  

passenger seat  

x 78 1   x   1 156     83 74 

4.5.2 Interviews  

A list of the in-depth customer needs based on interviews with the customers is summarised in 

table 6. The interview questions can be found in appendix 1. Since a previous solution with two 

additional seats have been built locally for a refuse collector in Germany, the customer need of 

Swedish refuse collectors were investigated. The interviews gave an insight that a solution for 

additional passenger seats might be relevant in a big city, but was not prioritized in smaller cities. 

One important factor was safety and that the cab should be easy to clean inside. To gain a broader 

knowledge of customers that already had additional seats, fire rescuers from a small city were 

interviewed. The interviews revealed that safety was ranked as the most important priority inside 

the cab, combined with good space. Another customers that requested additional seats were a 

driving school, there for a Swedish driving school were interviewed. The driving school wanted 

to be able to teach more then on student at the time, because a lot of knowledge can be gained 

from watching others. Knowledge gained from the interview was that the school wanted the most 

comfortable solution for their students. In table 6 the answers from the three interviews is 

summarized.  

 

  



EMPIRICAL FINDINGS 

 

 

36 

 
Table 6 - Summary of customer interviews 

Firefighters Driving school Refuse Collectors  

Uses crew cab with five persons Want to transport more than 

one student 

Wants low volume in the 

cab for good work 

environment 

 

Different levels of alarms – 

different number of people   

Want to bring minimum of 

three students plus the 

teacher 

Sits in the cab for 6 – 8 

h/day 

 

Everything need to be clamped 

inside the truck for safety 

One students behind the 

wheel for a whole day is to 

long 

10 days per district  

 

Low roof height is not a 

problem 

Student missions - reality 

check. More students can 

gain knowledge 

Prioritise cleanliness  

 

If cold outside: it would be nice 

to be able to change clothes 

inside the truck 

Scania’s solution today is not 

comfortable, can’t sit for ten 

minutes 

Side loader is 

manpowered with 

joystick. Only one person 

in the cab. Here, comfort 

is prioritized 

 

 

Prioritise - rapidity and 

simplicity 

Wants to keep the tool 

storage that can be reached 

from the outside 

Back loader consists of 

two persons going in and 

out of the cab. Here, easy 

entry is prioritized 

Prioritise safety - heavy truck in 

high speed 

Today they throw their coats 

on a table on the side of the 

chairs 

Uses the truck for 

approximately 7 years 

 

Prioritise comfort - if they are 

out and check areas 

Movability – want to switch 

places without leaving the 

truck 

Big difference in summer 

vs winter 

 

If the alarm is big then speed is 

the key 

Prioritise safety - Three-

point safety belt 

It takes approximately 3 

hours to fill the truck  

  
Do not want the bus-seat Garbage collectors in big 

cities might need 

additional passengers 

  Need storage for tools   
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4.5.3 Target Specification 

The customer needs from the PRS and the interviews were ranked and translated into technical 

specifications in a QFD (see appendix 11). Afterwards, target values could be listed by using the 

product properties. The product properties were selected based on relevance to the study. In table 

7 the measurable properties is listed were each property were given an estimated ideal value and 

a marginal value based on theoretical and empirical findings. The properties were weighted after 

customer relevance and feasibility for Scania.  

 
Table 7 - Target values for product properties 

Measurable Properties 
Weighted 

(5 to 1) 
Unit Marginal Value Ideal Value 

Ergonomic 5 mm 50th percentile 95th percentile 

Sound level 5 dB - - 

Additional seats 5 Number 1 2 

Do not affect the driver place 5 Unchanged Yes Yes 

Fulfil WVTA 5 List All All 

Fill gap in cab program  4 List 4/5 5/5 

Integrated feeling with the cab 4 Subj. 80% 100% 

Accessibility  4 Sec. 40 20 

Visibility for passenger 3 mm 0 200 

Seat comfort 3 Air suspension No Yes 

Storage volume 3 Liter Current <Current 

Lifecycle for material 3 Year - 25 

Sales price to customer 3 Euro 2500 2000 

CO^2 footprint 3 Co2 - 0 

Cleanable surfaces 2 Subj. 50% All 

Three-point safety belt 5 Obj. Yes Yes 

New components 5 Number. 3 0 

Competitiveness 5 Subj. Yes Yes 

Manufacturability 2 Subj. Yes Yes 

 

  



EMPIRICAL FINDINGS 

 

 

38 

4.6 Concept Generation 

The concept generation resulted in several concepts on how the seating placement could look. 

As a first step in the concept selection, all concepts were discussed during the concept generation 

session. The concept with no possibilities to be turned into reality in the near future were 

excluded. This resulted in seven main concepts which are presented in appendix 12.   

4.7 Concept Selection 1 

The seven concepts were evaluated using Pugh matrix. The selection criteria’s in the matrix were 

based on the measurable properties from the technical requirements. The requirements were 

weighted based on the possibility to evaluate them at this point. In table 8 the Pugh matrix is 

presented. As a reference an existing solution at Scania were used, namely the L20-cab which 

already fulfils the customer needs for two additional seats and three-point safety belts. By help 

from the reference, the concepts were weighted, (0) = equally good as reference, (-) = worse than 

reference, (+) = better than reference. 

 
Table 8 - Pugh matrix 

      Concept 

Selection Criteria 
Weighted 

% 
Reference  1 2 3 4 5 6 7 

Two additional seats 
13 

 
 

0 0 0 0 0 0 0 

Leg- and shoulder space 
(Ergonomic) 

12   + 0 + - + - 0 

Fulfil WVTA (e.g. crash test and 

attachment points) 
11   0 - - 0 - - - 

Accessibility - (time to reach the 
seat) 

10   0 - + 0 + + 0 

New components 9   0 - - 0 - - - 

Manufacturability 8   0 - - 0 - - + 

Integrated feeling with the cab 7   + - - 0 - + 0 

Sitting position (Ergonomic) 6   + + + - 0 + - 

Visibility for passenger 6   0 - - 0 - 0 0 

Seat comfort (Air suspension) 5   + 0 + 0 0 + - 

Fit all cab types 5   + 0 0 + 0 + - 

Storage volume 4   0 - - 0 - - + 

Sales price 3   0 - - + - 0 + 

Storage access from inside 1   + + + 0 0 + + 

Weighted Total     36 -51 -14 -10 -26 -10 -20 

Total 100   6 -6 -2 0 -5 1 -1 

   

 

The Pugh matrix presented three concepts with higher scores marked in green in table 8. At this 

point a decision was made to investigate the three highest ranked concepts further. The reason 

for this decision was due to the need of an extended investigation before the final decision to be 

more accurate. The group continued to investigate concept 1, 4 and 6.   
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4.8 Concept development  

Based on the Pugh matrix concept 1, 4 and 6 were develop further to ensure the best possible 

solution. Because there was several ways to solve the same concept, each concept was 

investigated divided into a “seat”-solution and a “bench”-solution. To get a deeper and more 

detailed understanding of the concepts the feasibility and ergonomic aspects were investigated 

further. See a more detailed comparison of concept 1, 4 and 6 in appendix 13-17. The advantages 

and disadvantages were compiled in a list of pros and cons for each concept.  
  

4.8.1 Concept 1  

Seats  

 

 

Concept 1 with two additional seats provides good comfort for all four passengers (see figure 

28). Due to the reuse of the existing seat adapter, this solution enables the customer to choose 

between the broad range of different seats currently offered by Scania. It hence provides different 

performance steps depending on the customer needs. This concept requires reinforcement to the 

engine tunnel or cab floor which will result in a new component. It probably needs to be tested 

physically with a tensile strength-test to ensure safety and fulfil WVTA. The S20-cab provides 

good leg and shoulder space, and ergonomic sitting position for the two additional passenger 

seats. Due to the increased engine tunnel height for P- and G-cabs, this solution will not be 

suitable for all cab types. For P- and G-cabs the seat would also have to be moved forward due 

to the curved rear wall. For all the 17-cabs, the space is too narrow to fit two premium or basic 

seats (see figure 29). An alternative would be to offer only one additional passenger seat in R17-

cabs. A benefit with this solution is that no changes have to been made to the rear wall. This 

solution also provides equivalent comfort as the competitor solution and will thus deliver good 

market value. In table 9 a list of pros and cons for concept 1 with seats is presented.    

Figure 28 - Concept 1 with two premium/basic seats 
in S20-cab 

Figure 29 - Figure 29 - Two additional basic seats 

in R17-cab 



EMPIRICAL FINDINGS 

 

 

40 

Table 9 - Pros. and cons. for concept 1 with seats 

  

Pros. Cons. 

 Possibility to choose between 

different seats 

 Competitive market value  

 Integrated feeling  

 No change to the rear wall 

 Three point safety belt  

 God ergonomic sitting position  

 Manufacturability  

 Good visibility in R20 and S20 – 

cabs 

 God movability in and out of the cab 

in R20 and S20 – cabs 

 Possibility to choose one additional 

seat in the 17-cabs 

 Possibility for storage 

 Two additional seats not possible in 

the 17-cabs  

 New component (reinforcement on 

engine tunnel) 

 New certificate required (physical 

test of the reinforcement on the 

engine tunnel) 

 Bad visibility in G20 and P20 – cabs 

 Bad movability in and out of the cab 

in G20 and P20 - cabs 
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Bench  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 1 – bench (see figure 30), consists of the existing crew bench from the crew cab. In this 

concept, two of the four seats on the sides has been removed. The bench is mounted to the rear 

wall in the same way and with the same components as in the crew cab. The main design of the 

rear wall for the crew cab, S-cab and R-cab are the same (see comparison in appendix 4), and 

thus all attachment points is the same and no new components is needed. The solution is currently 

certified for S- and R-cabs. A redesign of the crossbeam with a reinforcement have been 

developed for other applications. The new crossbeam can be mounted on the rear wall using only 

welding on the sides of the beam. See the old and the new crossbeam in appendix 18.   

 

Due to the reuse of existing components and previous calculation of the belt attachment points, 

this concept probably do not need any physical testing, but only strength calculations or 

simulations. Also an attachment between the legs of the bench and the cab floor has to be made. 

From an ergonomic perspective this solution is good in the S-cab, slightly worsen in the R-cab, 

but much worsen in G- and P-cabs. In G- and P-cabs the engine tunnel is higher and worsen the 

leg position of the two additional passengers. Also, the rear wall is different and the position of 

the bench and attachment points for the safety belt have to be placed in a new position relative 

to the S and R-cab (see comparison in appendix 4). Another modularity problem is the space in 

the 17-cabs were the bench interferes with the driver seat and front passenger seat (see figure 

31). Theoretically there is enough space for only the tunnel seats, but not for the bench and hence 

adjustments have to be made to the crew bench if this solution should be implemented. In table 

10 pros and cons for concept 1 with bench is presented.    

 

     

 

 

Figure 30 - Concept 1 with reuse of crew bench 
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Table 10 - Pros. and cons. for concept 1 with bench 

Pros. Cons. 

 Certificate for one safety belt in rear 

wall exists 

 Certificate can probably be obtained 

based on a simulation calculation  

 Manufacturability  

 Reuse of existing components 

 God ergonomic sitting position in 

S20- and R20-cabs  

 Integrated feeling 

 God visibility in S20- and R20-cabs   

 God ergonomic sitting position in 

S20- and R20-cabs  

 God movability in and out of the cab 

in R20- and S20-cabs 

 Possibility for storage 

 Bench not possible in the 17-cabs 

 New certificate required (for G- and 

P-cabs) 

 New certificate required (for two 

attachment points in rear wall) 

 Limited choose of seats   

 Bad visibility in G- and P-cabs 

 Bad ergonomic sitting position in G- 

and P-cabs 

 Bad movability in and out of the cab 

in G- and P-cabs 

 Changes in rear wall or crew bench 

for P- and G-cabs 

 
  

Figure 31 - Bench interference with driver seat and front passenger seat 

in R17 - cab 
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4.8.2 Concept 4  

 

 

 

Concept 4 comprises of two tunnel seats at the ordinary passenger position and a premium seat 

at the engine tunnel (see figure 32). A disadvantage with this concept is that one of the tunnel 

seats is not provided with a three point safety belt, which is a prioritized demand from the 

customers. This solution requires a new adapter between the tunnel seats and cab floor. It also 

requires reinforcement between the additional seat in the middle and the engine tunnel. Since 

changes have to been made to the cab floor and engine tunnel, new physical tests is required to 

fulfil WVTA. The tunnel seats are placed very close to each other which is bad from an 

ergonomically perspective considering shoulder space and comfort. This solution interferes with 

the engine tunnel in P- and G-cab (see figure 33) given that an ergonomically sitting height is 

provided. In table 11 pros and cons for concept 4 with seats is presented.    

 

       
Table 11 - Pros. and cons. for concept 4 with seats 

Pros. Cons. 

 No changes to the rear wall  

 

 No three point safety belt for one of 

the passenger 

 New component (adapter for tunnel 

seats)  

 Reinforcement on engine tunnel 

 New certificate required (physical 

test of the reinforcement on the 

engine tunnel) 

 Bad leg and shoulder space for 

passengers on tunnel seats 

 Integrated feeling  

 Bad visibility in G20 and P20 – cabs 

 Bad movability in and out of the cab 

in G20 and P20 - cabs   

 

 

Figure 33 - Tunnel seat interferes with engine 

tunnel P20-cab 

Figure 32 - Concept 4 comprised of two tunnel seats 

at the ordinary passenger position and a premium 

seat at the engine tunnel in a S20-cab 



EMPIRICAL FINDINGS 

 

 

44 

4.8.3 Concept 6  

Seats 

  

 

This concept consists of three basic seats placed in the back row (see figure 34). The solution 

provides the passenger with good comfort and sitting position in the S20-cab. Although the 

passenger closest to the driver seat has limited leg space (see figure 35). This is worsen in the 

other cab types due to the increased engine tunnel height. For P- and G-cabs the seat have to be 

moved forward to not interfere with the curved rear wall. Although this solution provides good 

accessibility for all passengers stepping in and out of the cab (mainly in S-cab). Here the ordinary 

position of the passenger seat will leave a hole, which need to be covered to establish an 

integrated feeling and will probably result in a new component. In table 12 pros and cons for 

concept 6 with seats is presented.         

 
Table 12 - Pros. and cons. for concept 6 with seats 

Pros. Cons. 

 Integrated feeling  

 Possibility to choose between 

different seats 

 Good ergonomic sitting position  

 Good visibility in R20 and S20 – 

cabs 

 Good movability in and out of the 

cab  

 No change to the rear wall 

 Three point safety belt 

 New component (reinforcement on 

engine tunnel) 

 New component (reinforcement on  

floor)  

 New certificate required (physical 

test of the reinforcements) 

 Limited leg space for one passenger  

 Bad visibility in G20 and P20 – cabs 

 
  

Figure 34 - Concept 6 with three basic seats placed in 

a row in a S20-cab 
Figure 35 - The leg space of one passenger will 

interfere with the driver seat 
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Bench  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This concept consists of three seats on the crew bench and the front passenger seat has been 

removed (see figure 36). As the previous concept, this solution provides good accessibility for 

all the passengers. This concept require equal changes as in concept 1 with crew bench 

concerning for instance the attachment points and cross member in the rear wall. Similarly this 

concept fits all the 20-cabs, but from an ergonomically perspective the solution suites the S20- 

and R20 cabs best and provides limited leg space for G20- and P20-cabs. Also, as mentioned 

earlier in the concept with the crew bench, the bench interferes with the driver seat in all the 17-

cabs. The ordinary position of the passenger seat will also leave a hole which need to be covered 

to establish an integrated feeling and will probably result in a new component. In table 13 pros 

and cons for concept 6 with bench is presented.    

 
Table 13 - Pros. and cons. for concept 6 with bench 

Pros. Cons. 

 Reuse of existing parts  

 Certificate for one safety belt in rear 

wall exists 

 Certificate can probably be obtained 

based on a simulation calculation  

 Integrated feeling  

 God visibility in S20- and R20-cabs   

 God ergonomic sitting position in 

S20-cab 

 God movability in and out of the cab  

 Manufacturability  

 Bench not possible in the 17-cabs 

 Limited choose of seats  

 New certificate required (for G- and 

P-cabs) 

 New certificate required (for three 

attachment points in rear wall)  

 New component (to cover the hole 

from the previous front passenger 

seat) 

 Bad ergonomic sitting position in G- 

and P-cabs 

 Bad visibility in G- and P-cabs 

 Changes in rear wall or crew bench 

for P- and G-cabs 

Figure 36 - Concept 6 with crew bench and three tunnel seats in S20-cab 
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4.9 Concept selection 2 

Concept selection 2 consisted of the concepts: concept 1 – seats, concept 1 – bench, concept 4, 

concept 6 – seat, concept 6 – bench. The concepts were given scores (1-3) based on how well 

they fulfilled the target specification stated earlier. All criteria’s were evaluated based on having 

two additional seats. As a further step in the assessment, the possibility to have one additional 

seat was also evaluated. The chosen criteria’s were for example: time to certify, three-point safety 

belt, ergonomic aspects among others. In appendix 19 tables of concept selection 2 is presented.  

A comparison between the strengths and weaknesses of the different concepts is presented in 

table 14.  
Table 14 - Comparison between strengths and weaknesses  of the different concepts 
 

  

Criteria’s  Concept 1 
Seats 

Concept 1 
Bench 

Concept 4 
Concept 6  

Seats 
Concept 6  

Bench 

Possibility to choose between 

different seats 
 

 

Maybe 
 

 

Competitive market value  

 

Maybe 
  

Maybe 

Integrated feeling  

  

 

  

Change to the rear wall 
 

 

  

 

Three point safety belt  

  

 

  

Ergonomic sitting position (S- 

and R-cab) 
  

Maybe 
  

Ergonomic sitting position (G 

and P-cab) 
 

  

 

 

Good manufacturability  

  

Maybe Maybe 
 

Good visibility (R20 and S20 – 

cabs) 
     

Good visibility (G20- and P20 – 

cabs)      

Good movability (R20 and S20 

– cabs) 
  

Maybe 
  

Good movability (G20 and P20 

– cabs) 
    

 

Two additional seats in the 17-

cabs    

Maybe 
  

One additional seat in the 17-

cabs 
 

 

Maybe 
 

 

Possibility for storage 

   

 

 

New component  

 

No (only for 

G- and P-

cab)   

No (only for 

G- and P-

cab) 

New certificate required  

 

Maybe 

(certificated 

for S- and R-

cab) 
  

Maybe 

(certificated 

for S- and R-

cab) 

Physical tests required 
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4.10 Feasibility of the Final Concepts 

In this section the two final concepts (concept 1) “seat” and “bench” from concept selection 2 

are investigated based on their feasibility consisting of a number of criteria’s presented below.  

4.10.1 Seats  

Visibility 

The visibility between the different cab types are compared based on the 50- and 95 percentile 

see figure 37, 38, 39. The S20-cab gives a good visibility for the additional passengers, but it 

decreases along with the increase of engine tunnel height, and is thus worst in the P-cab (see 

figure 40). 

 

 

  

 
  

Figure 37 - Visibility in S20-cab 

Figure 39 - Visibility in G20-cab Figure 40 - Visibility in R20-cab 

Figure 38 - Visibility in P20-cab 
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Roof Height  

The roof height was investigated for the R20-cab which is the largest cab that offers all roof 

heights (see figure 32 & 33) (the S-cab only offers roof height N and H). The roof height is also 

compared between the G20- and P20-cab (see figure 34 & 35). Figure 32 presents the result 

which clarifies that roof height L is not compatible for any cab with this seat solution. This 

solution thus requires roof height N or H. 

  

  

 

 

 

 

 

 

 

 

 

 
 

Figure 41 - R20-cab with roof height L, 

passengers head crashes with roof 
Figure 42 - R20-cab with roof height N, 

approximate 350 mm between 95th percentile 

passenger head and roof 

Figure 43 - G20 with roof height N, 
approximate 189 mm between 95 th percentile 

passenger head and roof 

Figure 44 - P20 with roof height N, 

approximate 134 mm between 95 th percentile 

passenger head and roof 
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Shoulder Space  

The shoulder space is equal in all cabs and hence the shoulder space were only examined for the 

R20 cab. A comparison between the 50th - and 95th percentile is shown in figure 45 and 46. The 

50 percentile have approximately 70 mm shoulder span which is in line with the ergonomic 

recommendations. The shoulders of the 95th percentile passengers interferes which is not 

preferable, but can be accepted.  

 

 

Leg Space  

To ensure good space for the additional passengers the leg- and shoulder space are investigated, 

also based on the 50th- and 95th percentile. First the 20-cabs were examined. Figure 47 present a 

comparison of the additional seat in a R20-cab with premium front seats (which is considered as 

a bit wider seat) and basic front seats (which is considered as a slightly smaller seat) (see figure 

48). A problem visualised in figure 50 is a small interference with the 95th percentile passenger’s 

knee and the armrest of the front seat. This could be solved by choosing basic seats in the front 

(which have no armrests on the passenger side), or remove the armrest from the premium seats. 

  

Figure 45 - R20-cab shoulder space of 70 mm, 50th 

percentile 
Figure 46 - R20-cab shoulder space interfere, 95th 

percentile 

Figure 47 - Leg space in R20-cab with premium 

front seats were the knee interferes with the front 

armrest 

Figure 48 - Leg space in R20-cab with 

basic front seats, without armrest on front 

passenger seat 
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The same seating position as in the R20-cab were examined in a G20-cab. The position did 

interfere with the inner panel of the rear wall shown in figure 49. Thus the additional seats were 

moved forward. The new seating position instead caused an interference between the additional 

seats and front seats shown in figure 50. This needs to be investigated further to examine if the 

solution is feasible for this cab type.  

 

 

 
 

One Additional Seat 

Since two additional seats do not fit in the 17-cabs or in G20 and P20 – cabs, a proposal for one 

additional seat is presented (see figure 42). This solution consists of one additional seat in the 

centre of the engine tunnel and can be implemented in the 17-cabs as well as in the 20-cabs as a 

customer choice. The solution provides good space and equivalent to the solution with two 

additional seats, the ergonomic position is good, the roof height and visibility also corresponds 

to the solution with two additional seat.   

 

  

Figure 51 - One additional seat in R20-cab 

Figure 49 - Additional seats interferes with inner 

panel of rear wall in G20-cab 
Figure 50 - Additional seats moved 
forward results in interference with front 

seats in G20-cab 
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4.10.2 Bench  

Visibility  

The visibility of the concept were compered between different cab types based on the 50th- and 

95th percentile. The visibility was good in the S- and R-cabs, but worsen in G- and P-cabs (see 

figure 55-58)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 52 - Visibility S20-cab Figure 53 - Visibility R20-cab 

Figure 54 - Visibility G20-cab Figure 55 - Visibility P20-cab 
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Roof Height  

The roof height was investigated in R20-cab to test the feasibility with roof height L. Shown in 

figure 56 R20 with roof height L results in a distance of 122 mm between the head of the 95 th 

percentile and the roof, which is feasible. The G-cab on the other hand was not compatible with 

roof height L where the passengers heads interfere with the roof (see figure 57). As presented in 

figure 58 and 59 roof height N in G- and P-cabs are thus a required option.  

  

  

 

  

 

 

 
  

Figure 57 - G20-cab with roof height L not possible Figure 56 - R20-cab with roof height L provides a 
distance of 122 mm between 95 th percentile and 

roof  

Figure 58 - G20-cab with roof height N Figure 59 - P20-cab with roof height N 
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Shoulder Space  

The shoulder space is not changed from the position in the crew cab and can thus be seen as 

good. Although the shoulder space is enough the position can be experienced as close to each 

other due to the narrow seats on the bench (see figure 60 and 61).   

  

Leg Space  

The leg space is similar in the S- and R-cabs. For the 95th percentile there is a small interference 

of 1 mm between the knee and front seat armrest (see figure 62). This can be acceptable, but if 

desired it can be avoided by disassemble the armrest or choose a seat without armrest.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Figure 62 – Leg space interfere 1 mm in R20 cab 

Figure 60 - Shoulder space of 15 mm, 50 th percentile Figure 61 - Shoulder space interfere, 95 th percentile 
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Challenges 

A problem occurs in G- and P-cabs. When the bracket is mounted to the rear wall in the same 

way as in S- and R-cab (see figure 63), the position of the seats interferes with the top of the rear 

wall (see figure 64) due to the curvature of it. If the seat would be angled upwards the seated 

position would be deteriorated. Hence the bench were moved forward to fit the seats and belt 

attachments. In figure 65 the gap of approximately 60 mm between the bench and brackets in the 

rear wall is presented. To keep the bench solution, a new extended bracket would thus be needed. 

Also, the legs of the bench would need to be extended since there is a gap of 47 mm between the 

legs and floor (see figure 66). 

  

  

 

 

 

 

 

 

 

 

 

Figure 63- Bracket to the crew bench 

mounted to the rear wall in G20-cab 

Figure 66 - Distance of 47 mm between bench 

leg and floor 

Figure 64 – Interfering positions of the crew 
bench without changes in G20-cab 

 

Figure 65 - Distance of 60 mm between bracket and 

bench in G20-cab 
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One additional seat on the bench 

Since the bench is originally developed for three to four passengers evenly distributed, it is 

possible for this solution to be offered both with one or two additional seats. The solution 

provides more space than the bench with two seats, the ergonomic position is unchanged and the 

roof height and visibility corresponds to the solution with two additional seats on the bench (see 

figure 67).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Figure 67 – One additional seat on the bench 
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5 RESULT  

This section presents the result of the study divided into two alternatives, namely a long-term 

seat solution and a short-term bench solution.  

5.1 Seat solution  

The seat concept is presented in two variants, namely on variant offering two additional seats 

and the other variant offering one additional seat (shown in figure 68 and 69) below. 

 

Table 14 present the seat program this solution offers in combination with the current seat 

program at Scania. The table presents how many seats and for which cab specifications it is 

optional. The blank box means that Scania do not offer a cab with this type of specification, and 

the line (-) means that there are no solution for additional seats for the corresponding cab type. 

This fulfils the gap for S- and R-cab which represent 2/5 of the cab types. This results in a 

fulfilment for additional seat for 5/5 cab types.  

 

 

Figure 68 - Seat concept two additional seats Figure 69 - Seat concept one additional seat 

Table 15 - Combination of current- and new seat program (marked in green), (-) no given solution for 

additional seats 



RESULT 

 

 

57 

In the proposed new seat program different performance steps of seats are possible for the 

customer to choose, these are shown in table 16. 
 

Table 16 - Possible choices of seat variants compatible to the seat concept 

 

Based on the identified customer needs in PRS, this solution fulfil ¾ main requests which result 

in 75 % of the most frequently asked requests concerning additional seats seen in table 17. The 

request for two additional seats in R17 is not possible, instead the customer can be offered one 

additional seat. Aside from the R17 requests, this also results in the possibility to sell 523 trucks 

out of 673 requested trucks, which represents approximately 78 % of the quantity of requests.  

 
Table 17 – Fulfilment of most frequently asked requests – Seat concept 

 

New component 

To enable the beneficial modularity of the seat concept a new component was required. The goal 

was to develop a component in sheet metal that can serve as a reinforcement to the engine tunnel 

and consist of a hole pattern which facilitate the use of both one or two seat (see figure 70). The 

flat surface makes it possible to use in all cab types in different positions. The position of the 

reinforcement plate is shown in figure 71 and 72. Although the design needs to be developed 

further along with an investigation of the strength requirements.  

 

 

 

Seat variants  

No. of 

additional 

seats 

Reclining Foldable  Premium Medium Medium 

Plus 

Basic Static Basic 

static 

1 No No Yes Yes Yes Yes Yes Yes 

2 No No Yes 
(without 

armrest) 

Yes Yes Yes Yes Yes 

 Customer Needs Seat Concept 

 

Cab type 

Requested 

Number of seats 

Quantity of the 

request 

Offered number of 

seats 

Fulfilment of the 

request 

S20 4 226 Yes Yes 

R20 4 249 Yes Yes 

R20 3 48 Yes Yes 

R17 4 150 Partly No 

Total  673  3/4 523 
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Two additional seats 
Attachment to 
engine tunnel (x 4) 

Figure 70 - Reinforcement plate 

Figure 71 - Mounting of reinforcemnet plate Figure 72 - Mounting of reinforcemnet plate 

One additional seat 
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5.2 Bench solution 

The bench is presented in two variants, namely with one or two additional seats shown in figure 

73 and 74. 

   

 

Table 18 presents the compiled seat program Scania can offer to their customer with concept 1 – 

bench and the current seat program.  

 
Table 18 - Combination of current- and new bench program (marked in green), (-) no given solution for 

additional seats. 

 
 

  

Figure 73 - Bench concept with two additional seats Figure 74 - Bench concept with one additional seat 
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Based on the identified customer needs in PRS, this solution fulfil ¾ main requests which result 

in 75 % of the most frequently asked requests concerning additional seats seen in table 19. This 

also results in the possibility to sell 523 trucks out of 673 requested trucks, which represents 

approximately 78 % of the quantity of requests. 

 
Table 19 - Fulfilment of most frequently asked requests – Bench concept 

 

 Customer Needs Bench Concept 

 

Cab type 

Requested 

Number of seats 

Quantity of the 

request 

Offered number of 

seats 

Fulfilment of the 

request 

S20 4 226 Yes Yes 

R20 4 249 Yes Yes 

R20 3 48 Yes Yes 

R17 4 150 No No 

Total  673  3/4 523 
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5.3 Target specification 

Table 20 present the result of how well the concepts fulfilled the measurable properties for S- 

and R-cab.  

 
Table 20 - Fulfilment of target specification 

Measurable 

Properties 

Weighted 

(5 to 1) 
Unit 

Marginal 

Value 

Ideal 

Value 

Fulfilment - 

bench 

Fulfilment - 

Seats 

Ergonomic 5 mm 
50th 
percentile 

95th 
percentile 

Yes  Yes 

Sound level 5 dB - - 
Future 

development 
Future 

development 

Additional seats 5 Number 1 2 Yes Yes 

Do not affect the 
driver place 

5  Yes Yes Yes Yes 

Fulfil WVTA 5 List All All Yes No 

Fill gap in cab 
program  

4 List 4/5 5/5 Yes Yes 

Integrated feeling 
with the cab 

4 Subj. 80% 100% Yes Yes 

Accessibility  4 Sec. 40 20 Yes Yes 

Visibility  3 mm 0 200 Yes Yes  

Seat comfort 3 
Air 
suspension 

No Yes No Yes 

Storage volume 3 Liter Current <Current 
Future 

development 

Future 

development 

Lifecycle for 
material 

3 Year - - 
Future 

development 
Future 

development 

Sales price to 
customer 

3 Euro 2500 2000 Yes Yes 

CO^2 footprint 3 Co2 - 0 
Future 

development 

Future 

development 

Cleanable 
surfaces 

2 Subj. 50% All 
Future 

development 
Future 

development 

Three-point 
safety belt 

5 Obj. Yes Yes Yes Yes 

New components 5 Number. 3 0 Yes 
Yes 

(reinforcement 

plate) 

Competitiveness 5 Subj. Yes Yes Partly Yes 

Manufacturability 2 Subj. Yes Yes Yes Yes 
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6 ANALYSIS 

RQ1: How can correct translation of customer needs into technical requirements contribute 

to competitiveness? 

 

Customer needs tend to be hard to capture, most of them are subjective, and companies tend to 

have different approaches when collecting the customer needs (Park & Lee, 2011). The case 

company use customer information they receive from the distributor, but also from the market 

division in the company. Due to the size of the case company the amount of information they 

receive about their customers, have to be translated, unfortunately this process is time 

consuming, costly and often executed by R&D and market (Livotov, 2016), (Widodo & 

Novibrilliawan, 2018). This is a risk because it makes the evaluation subjective but also the fact 

that a well working communication between the customer, distributor and market is needed. And 

above all, the market division that receives the customer needs, need to be able to translate the 

customer requirements to the designer (Livotov, 2016). In this case the design engineers are far 

away from the customers which increase the press to translate the requirements into accurate 

customer needs out of a technical specification. What could be seen is that the technical 

specifications in the requests from different customers more or less were equal.  

 

Something that could increase the accuracy of the translation of customer needs to technical 

specifications and ensure the best possible solution is to conduct an in-depth analysis of the 

customer actual needs. Companies can create an understanding of the customer by simply ask; 

why do the customer want this solution? The company could benefit from knowing the primary 

need of the customer. This can lead to competitive advantage and finding new market 

possibilities. For instance, could the need for two additional seats be replaced by a truck 

simulator? Based on the interviews, the driving school wanted to increase the efficiency of the 

education by involving more students in the same driving session. This need could likewise be 

covered by a truck simulator which also could lead to less driving sessions and decrease the 

environmental impact. This can be seen as an opportunity for companies to be involved in a new 

market and gain competitiveness and hence increase their profit.   

 

By using the Kano model, companies can gain knowledge of customer satisfaction (Bergman & 

Klefsjö, 2012). The model have three levels of satisfaction, level one is basic needs. An example 

can be if the storage is removed to fulfil the requirement of one or two additional seats, this 

would mean that there will be a trade-off storage vs. additional seats, something the customers 

are not aware off. This might lead to less satisfied customer. The second level is spoken needs. 

To fulfil this level of customer satisfaction, the given solution should meet the customer 

requirements. The third level is the unspoken needs. What could be seen in this case was that to 

only create a solution based on what the customer wrote in the PRS might not lead to high 

satisfaction. More often when the interviews and PRS were put in relation to each other they 

spoke of different things. For example the unspoken needs can be high comfort and quality of 

the product. If the customer order one or two additional seats and receives the bench solution, 

the unspoken needs from the customers may not be fulfilled. In this case the concept with two 

seats consisting of air suspension may better fulfil the customer expectations. Therefore it is 

crucial to understand the customer needs and how to reach them.  

 

Customisation are thought to increase the customer value for a larger segment of customer. To 

produce competitive products that meet the customer value or exceed the customers’ 

expectations an understanding of the customer is required (Park & Lee, 2011) (Kleef, et al., 
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2004). As the study show, there might be missing vital parts before a greater understanding of 

the customer will appear. As an example a delimitation was made concerning the level of depth 

in the data collection of customer needs. The depth was divided into four levels, namely (1)  

compilation of specific requests through PRS (2) interviews with customers (3) analysis of the 

design engineers responsibilities concerning customer needs, and (4) analysis of the companies  

general collection of customer needs and how well they fulfil customer expectations. After 

discussion with a manager it was revealed that there was a dedicated team working with level 

three and four. Hence, these levels was not investigated further and focus was directed to level 

one and two. This also meant that in the study, customer needs that could have been found by 

executing a broader investigation might be missing. Therefor the actual customer value might be 

harder to fulfil. This also means that the tended value offer conceived from a product can differ 

depending on which segment the truck is operating in or what kind of previous experience the 

customer has from a truck or the case company. Therefor further investigation might be usefully 

to get a deeper understanding of the customers and how they actually evaluate the given 

solutions. This to get a higher customer value. A product can never satisfy every customer, it 

often tend be a trade-off. For example, one unusual colour as a customer request may decrease 

the impressions of quality for another customer (Widodo & Novibrilliawan, 2018). One way to 

reduce the trade-off is by using other ways to interact with the customer. For example some 

extent information technology can be used (Park & Lee, 2011). 

   

However the customer value is subjective which means that it is affected by the products image, 

rumours and personal experiences from the customer. The case company work hard to market 

their core values. For example the customer in focus and elimination of waste. This should mean 

that the case company should have a three-point safety belt on each seat they sell. In all interviews 

safety was prioritized, this should be seen as a great argument to actually prioritize the 

development of this solution since the customers tend to ask for it. The proposed solution with 

one or two additional seats in the cab with three point safety belt are thought to contribute to the 

case company competitiveness and premium branding.  

 

RQ2: What are the challenges and possibilities when making changes in a modular system? 

 

An extreme case of modularity enables one functional element of a product to be changed by 

altering the corresponding component without impact on the surrounding elements (Ulrich 

(1995). Although, in complex systems this is seldom the case. This case study displayed 

limitations in a complex modular system, but also possibilities to reuse and rearrange existing 

components. One main challenges is to compare all product variants (cab types) and identify the 

various modules to find similarities and differences between them. Modularity is known to 

increase the design complexity (Agrawal et al., 2013). When the existing modules are identified 

and compared the solution need to be adapted to fit the various product variants (cab types) 

offered by the case company. In accordance, Shamsuzzoha et al., (2010) describes one 

fundamental challenge of modularisation to be the development of modular interfaces. This 

demand also had an effect on the final result, where some concepts were dismissed based on 

modularity limitations.  

 

The cab consists of different types of modular architectures, which is often the case in practice 

and is described in literature by Ulrich (1995). The main architecture of the cab is designed in a 

combination of slot- and sectional-architecture. This is based on the fact that the cab is assembled 

by different components with a defined positions and interfaces. For instance the rear wall can 

only be placed in a specific position, the same with the floor, roof and sides which have its 

defined position and attachment to surrounding components. The sectional architecture is based 
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on the fact that the cab body needs all required main components to be complete. For instance, 

it cannot operate without the floor, rear wall or any other main component. Although, the type 

of architecture depends on the level the product is observed at, referring to the final assembly or 

smaller sub-assemblies (Ulrich 1995). Looking at the various seats, they can be observed as a 

bus-modular architecture. All seats have the same attachment to the seat adapter which allow the 

customer to choose between the different seat variants. The seat adapters on the other hand have 

two interfaces, one to the seat and one to the floor. Where the one to the floor differs between 

the cab types due to height differences and hence comes in two variants. The interface to the 

floor can thus be called slot-architecture. The analysis of relationships between functions and 

interfaces were used when developing the proposed solution.  

 

The reuse and rearrangements of existing components is possible thanks to the existing modular 

system. For example the crew bench can be transferred directly to two of the five cabs types due 

to the similar interfaces in the rear walls. This can be explained by carefully develop and select 

modules in the modular system. Although the rear wall of the other cabs had similar attachment 

points for the crew bench, the curvature of the rear wall differed too much and caused 

interferences and hence the bench did not fit. If there is a will to achieve this solution anyway, a 

modular solution could be to introduce a new components with the same interface to the rear 

wall but extended, to be able to retain the other components from the bench. This type of solution 

would be a bus-modular architecture.    

 

In the same way as the bench concept, the seat concept reuses and rearranges existing 

components from the modular system. In difference to the bench, the seat solution only inquire 

two extra components, namely a seat (x 2) and a seat adapter (x 2). Both components are 

produced in high volume today, and thus is not as price sensitive as the bench which is produced 

in lower volume. According to Ulrich (1995) standardised components are often more cost 

effective than integrated components due to the increased production volume and reduced lead 

time in the product development process. Although a new component is required and need to be 

developed further. The proposed new component which also acts as reinforcement to the engine 

tunnel, is intended to be a bus-modular architecture, both in the interface to the engine tunnel 

and the interface to the seat or seat adapter. This enables the customer to choose between the 

various seats currently offered by the case company, number of seats (one or two additional seats) 

and cab type. One challenge with this concept is however the various engine tunnels which can 

cause design issues considering strength calculations. This may cause the design to exceed to a 

slot-architecture and thus also result in more than one new component adapted to the different 

cab types.   

 

The possibility to use the final solution in all cabs facilitates for standardisation which refers to 

the use of the same components in various products (Ulrich 1995). This is also connected to 

commonality which refers to common product requirements, design features and physical 

structure of the products (Liu et al., 2010). The proposed solution with two additional seats works 

best in the S20-cab and also works well for the R20-cab. However in G- and P-cabs trade-offs 

regarding for instance number of seats, visibility and accessibility have been made to adapt the 

solution to the modular system. According to Windheim et al., (2017) high product variety can 

decrease company performance and can thus impact customer satisfaction. It is quite clear that 

the solution is not initially designed to fit the G- and P-cabs, but on the other hand there are no 

known demand for a solution for these cab types. A standardised component may not always be 

optimal, but may be “good enough” and can be justified on account of the reduced component 

price (Ulrich 1995). The main concern regarding the G- and P-cab are rather the customer need 
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for three points safety belts on the currently offered tunnel seats, which the final solution can 

fulfil in the 17-cabs.  

       

Although modularization is challenging, Shamsuzzoha et al., (2010) assesses it to be beneficial 

for companies in the long term, which explains the great success of the company’s unique 

modular system. Modularization is essential for company to adapt to a flexible market and 

varying customer needs (Shamsuzzoha et al., 2010). 
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7 CONCLUSIONS AND RECOMMENDATIONS 

This section presents the conclusion of the practical and theoretical findings from the study along 

with further recommendations for the proposed solution. 

 

From the theoretical findings a conclusion was that companies should strive to understand what 

the customer ask for which leads to the possibility to create more customer value. If companies 

understand their customers, new competitive products or services can be produced to create a 

higher customer satisfaction. Therefore companies should focus on getting in-depth knowledge 

from their customers. It would provide the companies with a more accurate translation of the 

customer needs and in that way lead to higher customer satisfaction that will contribute to 

strengthen the companies competitiveness. This would also contribute to the possibility to find 

new market opportunities. The correct translation of customer needs to technical requirements 

will be crucial for the development of a modular system. The challenges when making changes 

in a modular system was found to be the design complexity caused by design decisions in the 

earlier stages of the product development process. The modular system delimitates the design 

engineers to make major design changes due to large impact on surrounding components, which 

would be costly to change. It may lead to trade-offs concerning quality and performance where 

the best possible solution is not achieved. Instead a “good enough” solution was proposed to fit 

the modular system. Changes in a modular system also entails possibilities by reusing existing 

components which can lead to cost advantages and lower lead time. This can in turn satisfy a 

broader segment of customers and facilitates for mass customisation, which can be seen as a 

competitive advantage. Thus it can be crucial for companies to make thoughtful decisions about 

the product architecture of a modular system in the early stages of product development, due to 

the fact that it effects the long-term performance of the entire organization.     

 

Based on the theoretical findings in combination with the empirical findings the conclusion was 

to introduce the concepts in different steps. First, the bench should be marketed and offered to 

customers due to the shorter certification- and development time. Parallel the seat solution should 

be developed further since it corresponds to competitor solutions, covers a broader range of the 

customer needs and enables modularity. To keep Scania’s premium branding a recommendation 

was to only introduce the solution for S- and R-cab. This would result in a seat program which 

offers additional seats for 5/5 cab types, which corresponds to the aim of this study. The solution 

fulfils 75 % of the most frequently askes customer requests which was 5 % lower than the 

established aim of 80 %. Only one main request was not fulfilled. The unfulfilled request was 

the one with the lowest quantity. The established target specification was partly fulfilled, due to 

the delimitations in the product development process. The most important target values were 

achieved for S- and R-cab. Some values related to the detailed design were not investigated, but 

need to be taken into account when developing the concept further. Another important conclusion 

was to involve the customer in the development process to ensure quality and customer 

satisfaction.     
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7.1 List of recommendations     

A list of recommendations were compiled for further development of the concept at the case 

company. 

      

 Develop the detailed design: 

o Reinforcement plate (new component).  

o Effects on interior panels and floor covering system (cut outs).   

o Investigate styling further. 

 Do strength calculations.  

 Start certification process. 

 Plan for production.   

 Full cost estimation.  

 Only introduce the solution for S- and R-cab.  

 Involve the customer in the development process.  
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Appendix 1 - Interview questions  

The questions varied depending on their role, below the questions used as a base is described 

and those used at the fire station.  

   

Interview base questions 

1. Describe your role.  

2. What type of contact do you have with the customer/s? Describe it. 

3. Describe the customers daily use of the truck. How much time do they spend in the 

truck? Number of runs per day? Driving environment etc. 

4. What types of trucks are they driving today?  

a. Do they have Scania today? If so, what specification of the cab?  

b. Do they have any other truck with a competing solution?  

5. Why did they want this type of cab? Tip from reseller or do they usually choose this cab 

specification?  

6. Why do they want four people in the cab?  

7. What type of seat solution do they want? Comfort etc.   

8. Is it important for passengers to have supervision of the road?  

9. What kind of belt do they want? Is three-point safety belt required? 

10. Are they in need of storage? What do you want to store?  

11. How much mobility do they need in the cab?  

12. How many trucks do the customer want?  

13. Is it something else you want us to know/share? 

 

Interview – Fire station  

1. Purpose: Investigate the specific need of a firefighter 

2. Describe your role from an alarm until you jump into the cab. 

a. Are there different kind of alarms which result in fewer firefighters or different 

equipment? 

b. What kind of equipment do you bring? Except from the equipment already 

inside of the truck) 

c. What is most important to have easy to hand?  

3. Describe your daily work with the fire truck. 

a. How much time do you spend inside of the truck? 

b. How much do you drive each day? 

4. What kind of different trucks do you drive today? 

a. Scania, how does that solution look? 

b. Do you have other brands, what is the differences? 

c. Are there any changes made after hand on the truck, by you? 

d. How come you have different kind of trucks?   

5. How many persons do you wish to have room for inside of the truck? 

a. Can the number of people differ on the situation? 

6. What do you prioritize; comfort, safety, accessibility, cleanliness? 

7. Is it important for the passengers to see the road? 

8. Are you in need of storage? 

a. What do you want to store? (Tools/Clothes) 

b. Where do you place tools inside of the trucks and how are they handled?  

9. How much movability are you in need for?  
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Appendix 2 – Certification 

The table describes different certification levels for a vehicle.  

 

  



APPENDICES 

 

 

iii 

Appendix 3 - Comparison between engine tunnels  

Comparison between the different engine tunnels length.  

 

 

 

 

 

 

 

Comparison between the different engine tunnels heights in relation to the floor. 

 

  

S20 R20 

 

R17 P20 P17 G20 G17 

S-cab R-cab G-cab P-cab 
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Appendix 4 - Comparison between rear walls 

A comparison between the differences and similarities of the different rear walls:  

 

 

 

 

 

 

 

 

 

 

 

Detailed overview of rear walls: 

 

 

 

 

 

 

 

 

 

 

 

  

Crew cab  S-cab P-cab G-cab R-cab 

Crew cab (P31) S-cab R-cab 

P-cab G-cab 
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Appendix 5 – DSM 

Overview of the product architecture and interaction between the components of the cab. 

 

  
Design Structure Matrix 

Assembly Components   A B C D E F G H I J K L M N O 

Rear Wall  

Centre Pillar  A   1 1 1               1   1   

Crossmember B 1   1                     1   

Rear wall Panel C 1 1                           

Bracket Crew Cab  D 1                         1   

Crew Bench  

Bench E       1   1 1         1       

Seat Crew Cab F         1   1                 

Safety belt G   1     1 1                   

Seats  

Seats H                 1 1           

Safety belt I               1               

Seat adapter J               1     1 1       

Seat adapter cover  K                   1   1       

Floor  Floor (LH & RH) L 1   1             1 1   1 1 1 

Engine tunnel  Engine tunnel  M                       1     1 

Interior  
Wall Panels N 1 1   1                       

Floor covering  O                       1 1     
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Appendix 6 - Seat program 

The table show current performance steps for seats and what features that is possible for each 

seat. 
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Appendix 7 – Visual description of offered seats 

 

Premium seat    Medium Plus Seat 

  

 

  

   

 

 

 

 

 

 

 

 

 

 

Medium Seat    Basic Seat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Static Seat    Basic Static Seat    
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Foldable Passenger Seat    Resting Seat 
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Appendix 8 - Seat adapter matrix 

The table present which seat adapter that is required for which cab. 
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Appendix 9 - Benchmarking   

Mercedes 

 

Offer solutions with additional four seats in the rear with a convertible bed (i.e. a total of six 

passenger including the driver) (Mercedes-Benz, 2019). 
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Volvo 

 

Volvos solution with three passenger seats in the front row (Volvo Trucks, 2019).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A solution with two additional passenger seat, air suspension, three point safety belt and side 

table.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A customer solution from Volvo. Including three passenger seats with air suspension, three point 

safety belt and position controls.  
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DAF 

 

Three passengers in the front row (Nordic Truck Center, 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAN 

 

One additional seat in the front row (Man Truck, 2019).  
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Renault  

 

Distribution: Three passenger seats in the front row (Renult trucks, 2019).  

 

 
 

Heavy construction: Additional seats in a crew cab with storage under the seats.   

 

Heavy construction: One additional seats.  
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Appendix 10 – Legal Requirements 

 

The tables presents which parts that are certified and for which cab type: 
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Appendix 11 - QFD 

The table presents a QFD, where the customer needs are set in relation to product properties.  
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Appendix 12 - Concept generation 

Concept 1-7 is presented in the pictures below.  

Concept 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 3  
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Concept 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concept 6   Concept 7   
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Appendix 13 - Concept 1 – Seats 

Premium seats S20 – cab  
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Premium seats R17 - cab  
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Basic seats R17 – cab 
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Appendix 14 - Concept 1 - Bench 

 

Crew bench with two seats S20-cab  
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Crew bench with two seats S20-cab   Crew bench with two seats R20-cab 

 

 

 

 

 

 

 

 

 

Crew bench with two seats G20-cab  Crew bench with two seats P20-cab 
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Crew bench with two seats R17 - cab  
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Appendix 15 - Concept 4 

 

Tunnel seats + Premium seats S20 - cab 
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Tunnel seats and basic seat P20 – cab  
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Appendix 16 – Concept 6 – Seats 

Concept 6 – Premium seats S20 - cab 
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Basic seats S20 - cab 
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Basic seats P20 – cab 
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Appendix 17 - Concept 6 – Bench  

 

Bench concept - S20-cab   
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Appendix 18 – Cross beam and spot welding 

 
Old crossbeam from crew cab   New crossbeam with reinforcement 
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Appendix 19 - Concept selection 2 

In the tables the result from concept selection 2 is presented. All concepts are evaluated from 

the same selection criteria’s. The concepts were given score based on how well they fulfil the 

selection criteria’s. The scores were ranked as follows: (-) = not possible, (1) = Bad (2) = 

Average 3 = Good    

 

 

 

 

 

 

 


