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Sammanfattning 

Den här studien utreder produktutveckling av komplexa produkter i en modulär miljö hos 
asfaltläggartillverkaren Dynapac. Mer exakt undersöker studien hur komplexiteten hos en modulär 
produkt begränsar produktutveckling.  

Produktutveckling i en modulär miljö är ett populärt forskningsområde i befintlig litteratur. Emellertid 
finns det enbart begränsad forskning som undersöker hur komplexiteten hos en modulär produkt 
begränsar produktutvecklingen av nya produkter som är efterfrågade på marknaden. En mer utförlig 
forskning inom detta område är intressant för tillverkningsföretag vilka producerar komplexa 
produktsystem i en modulär miljö för att kunna underlätta och optimera sin produktutvecklingsprocess. 
En effektiv sådan är avgörande för att ett företag ska förbli konkurrenskraftigt och kunna leverera 
efterfrågade produkter med tillräckligt hög kvalite, vilket ökar betydelsen av den här studien.   

Studien har delvis som mål att utöka forskningen inom det ovan introducerade området, och för att uppnå 
det målet utfördes en fallstudie. Fallstudien identifierar hur komplexiteten av asfaltläggarens design 
begränsar produktutvecklingen av en ny asfaltläggare som är efterfrågad på marknaden.  

Studien har implikationer inom både teori och företagsledning. Det teoretiska bidraget består 
huvudsakligen av identifieringen av en ny sorts övergripande restriktioner som finns i modulära komplexa 
produktsystem som jag har valt att kalla ‖arkitekturella funktionella restriktioner‖. Dessa restriktioner 
ligger till grund för en oförutsedd kedjereaktion av moduler som påverkas till följd av att ändringar 
genomförs på en modul. Denna kedjereaktion hos påverkade moduler förekommer även om förändringen 
till synes enbart borde påverka den modul som genomgår en förändring. Studiens resultat visar att 
effekterna som den här sortens restriktioner medför orsakar att produktutvecklingen av komplexa 
produkter begränsas i en modulär miljö. Effekterna av de arkitekturella funktionella restriktionerna 
begränsar produktutvecklingen på grund av att de triggar tidskrävande aktiviteter vilka krävs för att 
undvika en dysfunktionell produkt eller en produkt som är alltför lik andra produkterbjudanden. Utöver 
detta så motverkar effekterna en snabb och kostnadseffektiv produktutveckling, vilket anses vara två av de 
främsta fördelarna med modularitet.   

Sett ur ett företagsledningsperspektiv består implikationerna främst av en utvecklad beslutfattningsprocess 
för produktutvecklingsprojekt som tar hänsyn till företagets långsiktiga ekonomiska hållbarhet och kan 
användas när arkitekturella funktionella restriktioner förekommer. Beslutfattningsprocessen hjälper 
företagsledningen att på ett strukturerat sätt ta aktuella och framtida beslut och förmedla dessa vidare 
inom organisationen.  

Studien är menad att vara en utgångspunkt för vidare studier som undersöker hur komplexiteten hos 
modulära produkter kan begränsa produktutveckling. Det är förmodat att studiens resultat ska kunna 
användas av andra tillverkningsföretag som producerar komplexa produktsystem i en modulär miljö.  

Nyckelord: Modularitet, Modulära Produktplattformar, Komplexa Produktsystem, Produktutveckling 
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Abstract 

This study investigates product development of complex products in a modular environment at the paver 
manufacturer Dynapac. It is determined how the complexity of a modular product constrains product 
development.  

Product development in a modular enviornment is a popular research topic in previous literature. 
However there is limited literature regarding in what ways the complexity of a modular product constrains 
product development in form of new product variants demanded by the market. A more comprehensive 
research within this field is interesting for manufacturing companies producing complex products in a 
modular environment since it could ease and optimize their product development processes. An efficient 
product development process is crucial to stay competitive and to be able to serve the market rapidly with 
qualitative and desired products, which increases the importance of this study.  

With the aim to address the limitations of the existing literature on product development based from 
modular complex product systems a case study was conducted. The constraints of developing a new paver 
model demanded by the market caused by the complexity of the paver design were identified.  

The findings of the research have both theoretical and managerial implications. The theoretical 
contribution consists mainly of the identification of a new type of overall constraints in modular complex 
product systems which I call ‖architectural functional constraints‖. These constraints cause an unexpected 
chain reaction of affected modules in the product system when a change to one module is made, even if 
the change ostensibly only should affect the module in question. The results show that the effects of this 
type of constraints is a constraining factor on product development of new product variants in a modular 
environment. The effects of the architectural functional constraints constrain product development since 
they trigger time consuming activities in order to avoid a dysfunctional product, or a product that has a 
high level of commonality with other product offerings. Further the effects oppose a rapid and cost-
efficient product development which is regarded to be two of the main benefits with modularity.  

The managerial implications include a decision process for new product development projects that can be 
used when architectural functional constraints are found in a product in order to ensure an economic 
sustainable development of new product variants. Hence managers can use the decision process as a tool 
to both make and communicate current and future decisions in a structured way. 

The study is a starting point for further studies investigating how the complexity of modular products 
might constrain product development efforts. It is expected that the results of the study can be used by 
other manufacturing companies operating in a similar context, producing complex product systems in a 
modular environment.  
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Nomenclature 

Abbreviations 

BLM  Business Line Manager 

D&D  Design and Development  

DDM Design and Development Manager 

DMM Divisional Marketing Manager 

PC  Personal Computer  

PE Production Engineer 

PLC  Programmable Logic Control 

PM Product Manager 

PUM Purchasing Manager 

RAM  Random Access Memory 

RCE  Road Construction Equipment 

SE Sales Engineer 

VPM Vice President Marketing 

 

Terms 

Complex product: A product in which the parts that make up the product are more valuable 

when they are put together and work as a system then when they are separated.  

Interfaces: The relationships between modules, hence in what way they are connected and 

coupled with each other, for example spatial or functional connections.  

Market pull: It means that new product development is initiated by a demand in the market 

rather than pushing out new products on the market as a result of new technologies.  

Modular product platform: A modular product platform consists of a group of common 

modules that are standard in all product variants that originate from the platform. Different 

module variants of the common modules can be used in different product variants in order to 

differentiate the product variants from each other.  

 

 

 

 



 
 

Modularity: A strategy used by manufacturing companies in order to enable a fast and cost-

efficient product development and in order to reduce complexity. In modular products 

components are grouped into subsystems, also called modules. In modular products the 

interfaces between the modules are de-coupled, which means that the coupling between the 

interfaces is standardized between all module variants. Moreover, in modular products every 

module should be mapped to only a few or most ideally one function and should not share 

functions with other modules. This kind of mapping between functional requirements and 

components is called one-to-one mapping. 

Module: Components that are grouped into subsystems that perform a certain function in the 

product make up a module.  

Module variant: A group of components that offer slightly different functions in the final 

product but have the same basic functionality. 

Product development: In this study product development refers to the development of a new 

product variant as an extension of an existing modular product platform. Hence different 

combinations of module variants or new module variants can lead to a new product variant. This 

kind of product development is also referred to as platform-based product development in this 

study.  
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Chapter 1 

Introduction 
This study investigated product development of complex product systems in a modular 

environment. More specifically it was investigated how modular complex products constrain the 

ability to develop new product variants demanded by the market as extensions of an already 

existing modular product platform.  

Companies with the prerequisite of competing on a global market always face a dynamic 

environment where the market demands change quickly (Simpson, 2004). When operating in 

such an environment it is important to continuously improve products and renew product 

offerings in order to stay competitive (Robertson & Ulrich, 1998, Magnusson & Pasche, 2014). 

The increasingly diverse customer demands and cost pressure forces companies to adopt mass 

customization techniques which can be regarded to be the new form of competitive advantage 

for companies. The reason for this is that such techniques often increase a company’s ability to 

react rapidly and cost-efficiently to small deviations in the market which is crucial today in order 

to gain competitive advantage (Simpson, 2004, Agrawal et al., 2013). One way for companies to 

meet the demands of the customers rapidly and cost-efficiently and to simultaneously have a 

competitive product development is to engage in modularity which can be regarded as a form of 

mass customization technique (Robertson & Ulrich, 1998, Agrawal et al., 2013, Magnusson & 

Pasche, 2014).  

Modularity, and the implementation of modular product platforms1, is a strategy used by 

manufacturing companies mainly in order to both manage new market demands rapidly and cost-

efficiently as mentioned above, but it is also a strategy used to manage the complexity of products 

(Langlois, 2002; Magnusson & Pasche, 2014).  

By creating a modular product architecture and letting a set of modules form a platform, different 

module variants can be developed and shared between different product variants which eases the 

product development2 due to time and cost-savings (Ericsson & Erixon, 1999; Magnusson & 

Pasche, 2014). Further, the organization of components into modules results in subsystems that 

decrease the complexity of the product design and thereby makes it easier to manage (Langlois, 

2002).  

However, even if a rapid and cost-efficient product development and less complexity are 

presumed benefits of modularity, complex and rigid product designs and relationships between 

components might decrease the chance to be able to reap these benefits.  

It has been observed by Ethiraj (2007) that companies who are producing modular complex 

product systems might experience difficulties with the development of new product variants due 

to the unpredictability that is inherent in the behavior of any complex product system. Ethiraj 

(2007) provides evidence that the non-linear dependencies between components in complex 

product systems both can decrease system performance and slow down the product development 

                                                           
1 Hereafter modular product platforms can also be referred to as platforms in this study. 
2 In this study product development mainly refers to the development of a new product variant as an 
extension of an existing modular product platform. This kind of product development is also referred to 
as platform-based product development in this study.  
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rate. Easy changes to one component that are necessary for a new product variant might trigger 

the need for advanced, and thereby time consuming, changes to related components in order to 

reach a desired system performance (Ethiraj, 2007).  

That being said, the complexity of a modular product system can clearly lead to unpredictable 

and constraining effects on product development efforts. For example it can lead to a decreased 

product development rate and a decreased system performance due to the nonlinear 

characteristics of complex products. It seems that the literature within this field is limited, 

however, at the same time as it is of manufacturing companies’ interest to gain a better 

understanding of potential constraints that modular complex product systems put on product 

development. The reason for why this topic is interesting for manufacturing companies is that 

more knowledge within this field can help them to optimize their product development 

processes. An efficient product development is crucial for manufacturing companies in order to 

be able to react to small deviations in the market and to avoid getting left behind (Simpson, 

2004). Therefore additional research within this field is necessary in order to clarify the dynamics 

between modular complex product systems and product development efforts. 

This study contributes with empirical data aiming to fill part of the gap that has been identified in 

the existing body of knowledge. This is done with an investigation of product development from 

a paver platform at the manufacturing company Dynapac. The pavers produced at Dynapac are 

machines that can be categorized as modular complex product systems and these machines are 

the case object in this study. This study thereby puts forth an example of how the development 

of a new product variant is constrained by the complexity of the modular product by analyzing 

the constraints on developing a new paver model with heritage from an existing platform.  

1.1 Purpose  
The purpose of this study is to contribute to existing knowledge concerning product 

development of complex product systems in a modular environment. More specifically, the study 

investigates how modular complex product systems might constrain the development of new 

product variants. The purpose was attempted through a case study where the constraints on 

product development of a new paver variant imposed by the modular complex product system 

was examined by creating and analyzing a design proposal matching a, for the case company, 

recently discovered market opportunity.  

The aim was to support the case company in understanding how their complex product systems 

affect their product development efforts in order to support their ongoing and future product 

development projects.  

1.2 Research question  
In order to fulfill the purpose of the study, the following research question has been created: 

How does a modular complex product system constrain the development of new product variants demanded by the 

market?   
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1.3 Expected contribution  
The study is expected to have both a theoretical and a managerial contribution which is needed in 

order to fulfill both the purpose and the aim of the study that are stated in section 1.1.  

Theoretical contribution: Since there is limited previous research concerning in what ways the 

complexity of products can constrain product development efforts in a modular environment 

this study complements earlier knowledge within this field. In the discussion chapter existing 

knowledge within the field is put in relation to the findings of this study in order to highlight the 

theoretical contribution that has been made.  

Managerial contribution: The managerial contribution included suggestions for how 

companies producing complex products in a modular environment can handle and optimize their 

ongoing and future product development projects in the best possible way. The results of the 

study provide a basis for decision making in product development projects and processes in 

order for companies to create successful new product variants.   

1.4 Delimitations 
The first delimitation that was made was that the study only focused on a market pull product 

development strategy. A technology push product development strategy was not likely in the case 

context and would demand a much deeper knowledge of the industry and a longer time frame for 

research.  

Secondly, the results of the study are based on only some of the components in the paver that are 

presented later on in the study. A full design proposal concerning all components could not have 

been done in the time frame for the thesis. Moreover, the results are not based on a full feasibility 

study which in this case is calculated to take up to three years. Therefore the results are not based 

on real prototypes and testing, but rather theoretical knowledge and experience inherent at the 

case company.  

Further, the difficulties of the development of a new product variant are merely focused on 

constraints caused by a modular design approach and the complexity of the product. Any other 

internal or external constraints concerning for example inventory space, capacity in the 

production lines, access to qualified suppliers of new needed parts and similar potential 

difficulties are not part of this study.  

1.5 Disposition 
In chapter 1 the reader has been introduced to the theoretical framework of the study, the 

problem background and the case object of the study. The expected contribution and the 

delimitations of the study have also been described. The following chapter is a literature review, 

which introduces the reader to the previous research that is relevant for this study and addresses 

the limitations and/or gaps that have been identified in previous research. After the literature 

review the method for this study is explained, where it is described how the study has been 

conducted. The methodological choices are justified in this chapter and the reliability, validity and 

ethics of the study are also discussed. Chapter 4 presents the empirical background of the case 

context. The empirical background was considered to be necessary in order for the reader to 

understand the empirical results of the study. The next chapter presents the empirical results and 

is called ―The Paver Case‖. These results are analyzed in the following chapter based on the 
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theoretical framework presented in the literature review. The analysis chapter answers the posed 

research question. At last, conclusions and discussion are presented. This chapter includes a 

summary of the results, hence a summary of the answer to the research question. Further this 

chapter includes an explanation of both the theoretical and managerial implications. The 

managerial implications also include a discussion on economic sustainability. Moreover, a 

discussion on the limitations of study together with suggested future research is included in 

chapter 7. The disposition of the thesis is presented in Figure 1.  



5 
 

 

Figure 1: The disposition of the thesis.  
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Chapter 2 

Literature Review  
This chapter presents the theoretical framework that has been chosen for the study. It is based on 

the key areas of interest that have been identified for the study, namely modularity and challenges 

of product development in a modular environment. The selection of the key areas of interest is 

further described in the method chapter. These key areas of interest are introduced in a way that 

is considered to be appropriate for this study. They provide the necessary background that is 

needed to understand the study and its results.  

First the concept of modularity is described, including the key concepts of modularity, how 

modularity can be achieved and the reasons for companies to engage in modularity. This section 

is followed by the topic of challenges of product development in a modular environment. More 

exactly this section describes the challenges of platform-based product development in order to 

fit the context of the case company. Readers who are unacquainted with the concept of 

modularity are recommended to read section 2.1.  

Section 2.2 presents the framework within which the study was conducted and is therefore 

important for all readers. In section 2.2 the current limitations and/or gaps that have been 

identified in the literature are included. Building on the identified literature gap it is explained 

how this study aims to contribute to previous literature.  

2.1 Modularity  
The case study investigated how modular complex product systems constrain the development of 

new product variants demanded by the market. Therefore it is of importance to first understand 

the concept of modularity including the key concepts and how and when modularity is used by 

manufacturing companies.  

2.1.1 Key concepts of modularity 

In order to grasp the concept of modularity, a basic understanding of the terms module, module 

variant and interfaces is needed. Wilhelm (1997) explains that modules can be described as a group of 

components that are standard and interchangeable that provides a certain function to the final 

product. Different module variants can be created that offer different functions to the product 

(Wilhelm, 1997). These can later be changed and replaced easily during the manufacturing of a 

product, leading to many possible designs for the final product (Wilhelm, 1997). Interfaces mean 

the coupling characteristics of module variants (Miller & Elgard, 1998). The interfaces decide 

whether it is possible or not to combine different module variants, and thereby how many 

product variants that can be generated (Miller & Elgard, 1998). Interfaces can also be described 

as the input and output relationship between modules which can be for example functional, 

spatial or any other kind of relationship that connects modules (Huang, 2000).  

2.1.2 How to achieve modularity   

The product architecture determines whether a product is modular or not. Ulrich (1995, p. 420) 

defines the product architecture as follows: ―the architecture of the product is the scheme by 

which the function of the product is allocated to physical components‖. More precisely Ulrich 

(1995) states that two aspects are most important in order to create a product architecture: The 

functional requirements must be arranged and mapped to physical components and the interfaces 
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between the physical components need to be specified. Ulrich (1995) defines the functions of a 

product as what the product performs rather than the physical characteristics of it. Similarly, 

Huang (2000, p. 149) defines the functional requirements of a product as ―the individual 

operations and transformations that contribute to the overall performance of the product‖. A 

product architecture can therefore be explained as defining the components that are part of the 

product system and what functions these components have (Langlois, 2002).  

Modular and integral product architectures  

Ulrich (1995) distinguishes two types of product architectures – modular and integral. A modular 

architecture is characterized by a one-to-one mapping from the functional requirements to the 

physical components. One-to-one mapping means that only a few, or ideally one function, is 

mapped to each physical component.  

An integral architecture is characterized by a more complex non one-to-one mapping between 

functional requirements and physical components (Ulrich, 1995). Huang (2000) describes that in 

an integral architecture each functional requirement is implemented with several components and 

each component is likely to implement more than one functional requirement. 

An example of functional requirements for a trailer leading to both a modular and an integral 

product architecture that is developed by Ulrich (1995) is illustrated in Figure 2 and Figure 3.  

 

Figure 2: An example of a modular architecture for a trailer that has a one-to-one mapping between the functional 

requirements and the physical components that implement the functional requirements. Figure 2 is adapted from 

Ulrich (1995). 
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Figure 3: An example of an integral architecture for a trailer that does not have a one-to-one mapping between the 

functional requirements and the physical components that implement the functional requirements. Figure 3 is 

adapted from Ulrich (1995). 

In addition to in what way the functional requirements are mapped to the physical components 

of the product, the two types of architectures can also be recognized by their interfaces (Ulrich, 

1995).  

Modular product architectures have de-coupled, also called standardized, interfaces in all module 

variants. This means that a change to one module does not necessarily require other modules to 

change in order for the product to function correctly (Gershenson et al., 2003). Therefore 

modularity enhances an efficient product development since new module variants can be 

implemented easy without affecting other modules as long as the interface parameters stay the 

same (Pil & Cohen, 2006). A modular architecture thereby creates a function-oriented product 

where the module variants can be integrated, with none or minor modifications, into different 

product systems and variants to be used for the same functional purpose (Gershenson et al., 

2003). However, as mentioned above, different module variants offer slightly different functions 

to the product in order to customize it, even if different module variants have the same basic 

functional purpose (Wilhelm, 1997). An example is that different types of optical drives for a 

computer (such as DVD and BluRay drives) can be used in many different computer variants for 

the same basic functional purpose as long as they share de-coupled interfaces. However, the 

different types are still customized module variants of the module ―optical drive‖ and the 

customers can chose which type they want to have in their computer. In modular architectures 

de-coupled interfaces are therefore extremely important and they are crucial for a fast and easy 

generation of new product variants (Ulrich, 1995).   
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Integral product architectures have coupled interfaces, which means the opposite, namely that 

the overall product will not be able to function correctly if one component is changed (Ulrich, 

1995). It will on the other hand require other components to change as a result of a change to 

one component. Therefore it also often requires interfaces and the overall design of the product 

to change in order for the product to function as usual (Ulrich, 1995; Huang, 2000).  

In integral architectures the interfaces between components are ill-defined rather than well 

specified since their aim mainly is to fulfill the primary function of the product (Ulrich, 1995). 

Therefore, if product performance depends on physical characteristics such as size, shape or 

mass of a product, these functional requirements can be enhanced by an integral product 

architecture but might be difficult to enhance with a modular architecture since it will require a 

change to many components in the product (Huang, 2000). This is echoed by Hölttä-Otto & De 

Weck (2007, p.113), who claim that ―designs that are heavily driven by weight, size or other 

performance constraints, often exhibit rather integral architectures‖. The difference between de-

coupled and coupled interfaces is illustrated in Figure 4, developed by Ulrich (1995).  

 

Figure 4: An example of the difference between a de-coupled and a coupled interface between the bed and the box 

in a trailer. The components can be changed independently in the first case but not in the second. Figure 4 is 

adapted from Ulrich (1995). 

The definition of a modular product architecture that is described above is at the extreme, hence, 

the ideal modular product architecture (Huang, 2000). It is rare that this degree of modularity is 

reached. Products are often modular, but involve some integral characteristics, such as some non-

modular components with coupled interfaces (Ethiraj & Levinthal, 2004). The aim for modular 

product architectures can be described as to map as few functions as possible to each module, 

avoid function sharing between modules and ideally have a one-to-one relationship between 

functional requirements and physical components (Pil & Cohen, 2006). This aim is however 

rarely possible to reach (Ethiraj & Levinthal, 2004). In general, modular product architectures are 

often favored over their integral counterpart when rapid product development and flexibility is 

higher valued than overall performance (Ethiraj, 2007).  

To sum up, the product architecture is closely linked to how easy it is for a company to 

implement changes to a product, where the ideal modular product architecture is at one extreme 

and the ideal integral structure is at the other extreme (Ulrich, 1995). Ulrich (1995, p. 426) 

summarizes the way in which the product architecture is related to a company’s ability to perform 

changes to a product as follows: ―The architecture of the product determines which functional 
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elements of the product will be influenced by a change to a particular component, and which 

components must be changed to achieve a desired change to a functional element of the 

product‖.  

2.1.3 Reasons for modularity  

The main reasons for companies to engage in modularity that are highlighted in previous 

literature are the following: It enables a rapid and cost-efficient product development and helps 

to manage complexity (Ulrich, 1995; Wilhelm, 1997; Langlois, 2002; Ethiraj & Levinthal, 2004; 

Magnusson & Pasche 2014 e.g.). These strategic reasons for modularity are further explained in 

the following sections.  

Rapid and cost-efficient product development  

Modularity is maybe most known as a strategy that eases product development in manufacturing 

companies by increasing the ability to rapidly and cost-efficiently create new product variants 

through the combination of already existing or new modular components (Ericsson & Erixon, 

1999; Huang, 2000; Magnusson & Pasche, 2014).  

Modularity typically accelerates product development since individual modules can be designed 

and produced independent of each other and in parallel if the interfaces are clearly defined and 

de-coupled (Baldwin & Clark, 2000; Huang, 2000). It is also a cost-efficient way of achieving a 

high product variety partly because new product variants can reuse many existing modules and 

the few new modules that are needed in order to reach a new final product offering can be 

developed autonomously and in parallel (Pil & Cohen, 2006). Pil & Cohen (2006, p. 996) explain 

that ―by leveraging core modules across several products, a firm can reduce the costs of 

differentiating through superior module design‖. This strategy can also be referred to as using 

modular product platforms (Sköld & Karlsson, 2013). Modular product platforms means the 

usage of one or several standard modules between different product variants, allowing a company 

to create new product variants through the configuration of existing modules (Meyer et al., 1997; 

Jose & Tollenaere, 2004). 

This study focuses on product development from modular product platforms in order to fit the 

context of the case object (see chapter 4). Product development from modular product platforms 

can also be referred to as platform-based product development in the rest of the study. More 

specifically platform-based product development means the development of new product 

variants as extensions of existing platforms (Sköld & Karlsson, 2013).  

When combining different module variants a high level of product variety can be achieved, given 

that each module exists in different versions and a de-coupled set of interfaces is developed (Jose 

& Tollenaere, 2004; Agrawal et al, 2013). It is emphasized in the existing literature that modularity 

is a competitive strategy leading to an increased ability to create new product variants which 

allows the possibility to quickly react to the increasingly fluctuating customer demands (e.g. 

Ulrich, 1995; Wilhelm, 1997; Meyer, 1997; Magnusson & Pasche, 2014).  

This means that modular product platforms can be used as a mass customization technique that 

allows a rather fast and low cost product development (Magnusson & Pasche, 2014). The 

potential for the development of many product variants from modular product platforms is 

illustrated in Figure 5. 
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Figure 5: Different module variants with de-coupled interfaces allow a large number of different design possibilities 

for the final product, and thereby a large product variety. Figure 5 is adapted from Miller & Elgard (1998). 

Since modular product platforms take advantage of the efficiency of mass production they can 

allow a company to reap the benefits of economies of scale, and thereby reduce the order lead 

time and costs per unit, while living up to diverse customer demands (Jiao et al., 2007). 

Ultimately, the complexity of the company’s total product offerings can be reduced with modular 

product platforms, since the total number of components and manufacturing processes are 

decreased (Magnusson & Pasche, 2014). Modular product platforms can thereby help 

manufacturing companies to avoid the common issue of having a large amount of products with 

different basic core components that share few components and technology in between them 

which leads to high development costs, long development times and low margins (Meyer, 1997).  

The most common potential benefits of platform-based product development are summarized 

and briefly explained in Table 1.  

 

Table 1: Summary and brief explanation of the most common potential benefits of modular product platforms. 

The automotive industry is an example of where modular product platforms are used frequently, 

where usually a great number of car models share the same platform consisting of one or several 

common modules. One example is Volkswagen, where the floor group, drive unit, cockpit, fuel 

tank, fuel system, front axle system and rear axle system make up a platform and are shared 
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across several different car models. The final products are then only differentiated by a small 

number of component parameters (Wilhelm, 1997).  

The example from the automotive industry illustrates how modular product platforms can help 

manufacturing companies to survive in a competitive global environment, in which one of the 

greatest challenges is to create product variety fast and as cheap as possible (Pasche et al., 2011). 

Ulrich (1995) means that all manufacturing companies can create product variety. However, the 

challenge is to create new product variants at a low cost. If carried out properly, modularity 

solves this economical challenge for manufacturing companies striving for a larger product 

variety (Ulrich, 1995).  

In order to be able to reap the benefits of modular product platforms the interfaces need to be 

carefully specified and de-coupled (Pil & Cohen, 2006) and further it is important to focus on 

reusing modules and components when creating new module variants (Jose & Tollenaere, 2004). 

Meyer (1997) states that the planning, design and updating of the platform over time is important 

for a successful platform. One of the greatest challenges is to create a basic structure of a 

platform that will survive in the market place for a desired number of years after the market 

launch (Meyer, 1997). This form of long-term planning has been criticized since the market is 

unpredictable (Wheelwright, 2010). Market changes can not be anticipated in advance, which 

might lead to that any on beforehand planned future product developments become obsolete.  

Managing complexity  

Modularity involves grouping components into modules, and thereby creating a number of 

subsystems (Ethiraj & Levinthal, 2004). This grouping makes the complexity of a product easier 

to manage, which is one of the most important reasons for why modularity is implemented by 

many manufacturing companies in addition to ease product development (Langlois, 2002).  

Within the manufacturing industry most modular products are complex systems (Langlois, 2002). 

Herbert Simon (1962, p. 468) defines a complex system as one ―made up of a large number of 

parts that interact in a non-simple way. In such systems, the whole is more than the sum of the 

parts, not in an ultimate, metaphysical sense, but in the important pragmatic sense that, given the 

properties of the parts and the laws of their interaction, it is not trivial matter to infer the 

properties of the whole‖. In other words, the components are more valuable when they are put 

together than separately (Ethiraj, 2007). Complexity is therefore a matter of both the total 

number of parts that make up a system, and in what ways these parts are interconnected and 

depend on each other (Langlois, 2002).  

Complex product systems are characterized by a nonlinear behavior which is also aimed to be 

managed with modularity (Ethiraj, 2007). However, the inherent unpredictability in complex 

product systems is impossible to manage fully due to the nature of it (Hobday, 1998). Two 

examples of complex product systems are PC:s and cars (Ethiraj & Levinthal, 2004).  
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2.2 Challenges of product development in a modular environment  
In order to be able to analyze the constraints on product development in modular complex 

product systems, the current challenges of product development in a modular environment that 

are emphasized in previous literature need to be understood. In order to fit the case context, this 

section focuses on platform-based product development. The limitations and/or gaps that have 

been identified in the previous literature are also included in this section.  

2.2.1 Challenges of platform-based product development  

There are two main challenges of platform-based product development, regarding the 

development of a new modular complex product variant. These are: The risk of an excessive 

commonality between product variants and that product development can be constrained due to 

unmatched capacities between related components. These challenges are described in the 

following sections.   

Risk of an excessive commonality between product variants 

The main challenge with product development from modular product platforms is to balance the 

company’s internal need for commonality with the customers’ external need for distinctiveness 

(Jose & Tollenaere, 2004). This means that companies with modular product platforms want to 

be able to reuse and share as many modules as possible for new product variants in order to keep 

the development costs down, while customers mostly care about whether the product meets their 

needs or not (Robertson & Ulrich, 1998).  

In other words, the more different module variants, the more distinctiveness, but the larger the 

costs. Vice versa, the more common modules3, the less possible combinations and 

distinctiveness, but the costs are reduced (Jose & Tollenaere, 2004).                                         

The principal benefits and drawbacks of the number of common and different modules 

explained by Jose & Tollenare (2004) are summarized in Figure 6.  

 

Figure 6: Costs are driven by the level of commonality and distinctiveness in products. Figure 6 is adapted from 

Jose & Tollenaere (2004). 

                                                           
3 In this case common modules refer to modules that are used in many product variants, or the modules 
that make up the base of the modular product platform and therefore is used in practically all product 
variants deriving from the platform in question.  
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It is emphasized in previous literature that the aim for modular product platforms is to have as 

many common modules as possible that can be shared between product variants (e.g. Meyer, 

1997; Agrawal et al., 2013). This is criticized by other scholars who instead highlight different 

negative aspects of commonality in relation to the development of a new product variant.  

As illustrated in Figure 6 above, high commonality might lead to low costs but at the price of low 

product variety (Jose & Tollenaere, 2004). Further, it is pointed out many times in previous 

literature that it is necessary to provide the market with products that are well matched to the 

customers’ demands and expectations (e.g. Cusumano & Nobeoka, 1992; Simpson, 2004). This 

statement directly raises the question of how well a high number of common modules can live up 

to the constantly changing demands on a market.  

Meyer et al. (1997, p. 89) state that ―incorporating a clear understanding of customers’ needs into 

platform and follow-on product designs is obviously important‖. For the same reason, Huang 

(2000) means that one great difficulty of the development of new product variants from modular 

product platforms is that the new products might turn out to be too similar from the customers’ 

point of view.  

Magnusson & Pasche (2014) further claim that especially if customers demand a high level of 

customization from companies with modular product platforms, there is a risk of discontent if 

customers realize that the majority of the components in a new product are reused. Moreover 

ending up with product variants that are too similar, which can be tempting for companies that 

have modular product platforms, can lead to cannibalization of the company’s other product 

offerings (Magnusson & Pasche, 2014).  

Moreover, a high number of common modules in combination with a modular approach of 

avoiding function sharing between modules leads to a higher risk of a rigid product architecture 

(Huang, 2000). A rigid product architecture can not only result in dissatisfied customers due to a 

low level of differentiation between product offerings, but it can also result in difficulties with 

creating new product variants that require design changes (Clark & Fujimoto, 1991). Product 

development can be hindered if wanted changes are difficult to perform due to complex spatial 

or functional interfaces between components that demand a certain design. Different parts of a 

machine sometimes have to be located in a certain part of a product due to the nature of their 

interfaces with connected components or for aesthetical reasons (Clark & Fujimoto, 1991). 

Hence, if a modular product has a high level of commonality, and therefore potentially also an 

inflexible design depending on what kind of interfaces that are used between components, this 

might constrain product development efforts.  

According to previous literature there is clearly a need for manufacturing companies pursuing 

product development to balance the commonality and distinctiveness of the new product variant 

with other, both external and internal, product offerings. This is necessary in order to succeed 

with product development projects and to avoid rigid designs that can constrain product 

development efforts (e.g. Huang, 2000; Jose & Tollenaere, 2004; Magnusson & Pasche, 2014). 

However, there is no clear explanation in the literature on how this could be done. Nevertheless, 

Figure 6 above which is adapted from Jose & Tollenare (2004) can be used as a starting point to 

gain the necessary basic understanding concerning the dynamics between commonality and 

distinctiveness. The fact that platform-based product development should aim for the upper right 

corner is clear, but how an ideal balance between commonality and distinctiveness can be 



15 
 

achieved is to my knowledge still unclear. Further, it is also unclear how to avoid or handle rigid 

product designs with static interfaces between components in a favorable way when the product 

development demands an update of the product design.  

Unmatched capacities between related components 

Another challenge with product development from modular complex product systems is that 

―ostensibly localized adaptation can have serious consequences for overall system performance‖ 

(Ethiraj & Levinthal, 2004, p. 161). At the extreme, the complexity of the product leads to that 

small changes to a module that are needed when a new product variant is developed can affect 

the performance of the whole system in a negative way (Ethiraj, 2007). A degrade of the system 

performance can occur when a component’s marginal contribution to the product performance is 

altered as a consequence of a change to another component that it interacts with (Ethiraj, 2007). 

This problem emerges since the performance of the system mainly depends on how the product 

is designed from the beginning and thereby how the modules interact with each other (Ethiraj & 

Levinthal, 2004). All modules in the system are not likely to operate at their highest capacity even 

when other modules that are connected to it, or the whole system is doing so (Ethiraj, 2007). A 

similar relationship between components is explained by Clark & Fujimoto (1991) who state that 

a component might not reach its peak performance in a complex product system depending on 

how complex and rigid the product architecture is and how complex the relationships between 

the components are. However, Ethiraj (2007) takes the discussion a step further by identifying 

that if the capacity of one component does not live up to the demand of another component it is 

related to, the innovation potential of the product can be diminished if an improvement of the 

first component demands new technologies or is beyond the control of the company.  

Ethiraj (2007) contributes with an illustrative example of the risk of a system degrade and a 

slowed-down product development rate as a result of that the change to one module reveals 

unmatched capacities between modules, hindering them from performing at their highest 

capacity. In a PC the RAM4 transfers input to the microprocessor. The processed data is then 

delivered back to the RAM. If the RAM is operating at its highest capacity and the 

microprocessor is not, the performance of the data transferring process can only be improved if 

the RAM is improved. If the microprocessor is improved instead, the RAM might not be able to 

live up to the demand from the microprocessor, which could ultimately even degrade the 

performance of the PC. If either the RAM or the microprocessor is stretched to its limit, new 

technologies might be needed in order to compensate the degrade in system performance or to 

increase the performance further, which could take long time to develop and cost a lot of money. 

In addition to the risk of a decreased system performance, this could thereby also slow down the 

product development rate if new technologies are needed or if the upgrade of a module can not 

be performed in-house (Ethiraj, 2007).  

Although modularity is aimed at managing complexity and easing product development at the 

same time, it seems that the complexity of a product might create complex relationships between 

modules that can have negative effects on product development. A discussion on the effects on 

product development in a modular environment caused by the inherent unpredictability in 

complex product systems is missing to a large extent. One exception is Ethiraj (2007) who points 

                                                           
4 RAM stands for Random Access Memory. 
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out that when creating an upgraded or new product variant the relationship between modules in 

complex products can lead to that small changes to one module can have unpredictable and 

degrading consequences on the performance of the system and ultimately slow down the product 

development rate. In the example with the PC, the product development rate would suffer if 

there is a need for new technologies in order to live up to a desired product performance (Ethiraj, 

2007).  

However, Ethiraj (2007) focuses only on constraints on the development of a new product 

variant in a modular complex product system that are related to the design of the product and 

thereby the interfaces between the modules. Further, Ethiraj (2007) only claims that the 

constraining effects on product development are caused by the inability of a company to 

internally develop new technologies that are needed fast enough or at all when changes are 

needed to balance capacities between related components in order to avoid a decreased system 

performance. A more comprehensive research on what constraints modular complex product 

systems put on product development is needed. The reasons for this is both that there is limited 

empirical research present within this field and further in order to enable a deeper understanding 

of how modular complex product systems constrain the development of new product variants. 

The second-mentioned reason has its origin in that a deeper understanding within this field is 

interesting for manufacturing companies in order for them to be able to ease and optimize their 

product development efforts.   
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Chapter 3 

Method  
This chapter describes the research process of the study. To begin with the research approach is 

described. The research approach is followed by an explanation of the chosen data collection 

methods for the study, hence how primary and secondary data has been collected. Primary data 

has been obtained with semi-structured interviews and a questionnaire. Database search and 

published texts constitute the secondary data of this study. At last the chosen research methods, 

the reliability, the validity and the ethical aspects are discussed.  

3.1 Research approach  

A case study of product development in a modular environment5 at Dynapac was conducted. 

Since the study had the aim to obtain an in-depth knowledge of a specific context a case study 

approach was chosen (Collis & Hussey, 2014). More specifically, this approach was chosen since 

it is a method that offers a great understanding of the complexity and nature of the studied 

phenomenon (Voss et al., 2002). The purpose of the study is theory building rather than testing a 

hypothesis, which further motivates the choice of a case study approach (Yin, 2013).  

I was expected to solve a practical problem for Dynapac. The task was to conduct a market study 

in order to be able to create a design proposal for a new paver model6 for which the company has 

identified a demand in the market. Further, I was supposed to examine what constraints there are 

on developing this new paver model in the case company’s modular product environment in 

order for them to be able to make a realistic plan on how to meet the identified market demand. 

This was done by investigating the feasibility of developing the created design proposal as an 

extension of one of the existing platforms. The investigation of the constraints that the complex 

paver system puts on the development of a new product variant demanded by the market is in 

line with the purpose of the study.  

The case study approach allowed me to get an in-depth knowledge about the current modular 

environment at Dynapac and the modular design and characteristics of the paver, which was 

necessary in order to create a design proposal and to understand what constraints modular 

complex product systems put on product development.  

3.2 Data collection methods  
The data collection methods that I used to obtain empirical data are described in this section. As 

mentioned above a design proposal for the new paver model, the Universal paver, was created 

and the feasibility of it was then investigated in order to be able to analyze product development 

in a modular environment. The analysis of the feasibility of the elaborated design proposal then 

served as a starting-point for reaching the purpose of the study.  

                                                           
5 With the modular environment at Dynapac I mean the modular design of the paver and the company’s 
modular product platforms.  
6 The new paver model is from here on referred to as the Universal paver in this study.  
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In order to create a design proposal for the Universal paver a market study was conducted to find 

out the customer requirements and the expected sales volume and price for the new paver 

variant. In parallel, information about the modular design of the paver and the modular 

environment at the case company was collected in order to provide me with an essential basic 

understanding about the case context and to support the feasibility analysis of the design 

proposal. The process for the activities performed in the thesis is illustrated in Figure 7.  

 

Figure 7: The process for the activities that have been performed in order to reach the purpose of the study. 

I have used the following data collection methods in order to collect empirical data for the 

activities illustrated in Figure 7: semi-structured interviews, database search and a questionnaire. 

All data collection methods that have been used in order to perform the activities in Figure 7 are 

summarized in Figure 8. It is also stated in Figure 8 how each data collection method has 

contributed to performing the activities in Figure 7.  
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Figure 8: All data collection methods that have been used in order to perform the needed activities to reach the 

purpose of the study. How each data collection method has contributed to its correlated activity is also explained. 
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The data collection methods and in which ways they contribute to their corresponding activities 

are more closely described in the following the sections.  

3.2.1 Semi-structured interviews  

As mentioned above, the interviews in this study have been semi-structured in order to fit the 

research approach of the study. I believe that this interview technique suits the study well since I 

was not particularly familiar with the studied phenomenon at first. At first I had difficulties of 

knowing which areas that were most important to focus on during the interviews. Blomkvist & 

Hallin (2015) explain that semi-structured interviews are a useful data collection method for 

qualitative studies since they provide a deeper understanding of the context that is being studied, 

which supports this choice of data collection method for this study.  

An oversight of all the interviews and further interactions (such as meetings and guided tours) 

that have been performed is put together including the areas discussed in each interaction, when 

it was performed and with who. This information is summarized in Appendix A. However, the 

interviews will not be transcribed due to the confidential information that has been discussed, 

such as pricing, business strategies and margins. This sort of information must be kept internally.  

An initial understanding of the case was gained through two guided tours at the company during 

the first week of the study. During the tours unstructured interviews were performed in order to 

gain a better understanding of the company, its current product portfolio and the existing 

platforms.   

As shown in Figure 8 above, data for the market study and the feasibility analysis was collected 

partly with semi-structured interviews. The information necessary to create a questionnaire, in 

order to complete the market study, was also retrieved with semi-structured interviews. These 

interviews were aimed at finding out what changes the customers expect from a new paver 

variant in order for it to have a sufficient level of distinctiveness compared to the already existing 

paver variants that Dynapac and the company’s competitors offer. These interviews were 

performed with the vice president for marketing (VPM), product manager 2 (PM2), business line 

manager 1 (BLM1) and the divisional marketing manager (DMM). They all have a close contact 

with the real customers and know the paving industry well, therefore they were chosen to 

represent the customers’ point of view. In all four interviews the same themes were taken up by 

the respondents, which increases the credibility of the answers (Collis & Hussey, 2014).   

The interviews performed to collect data for the feasibility analysis of the design proposal were 

performed with employees from marketing, D&D7 and one production engineer. These 

interviews were conducted in order to be able to study any difficulties that the complexity of the 

paver brings about when pursuing the development of a new paver variant, and hence to answer 

the main research question.   

  

                                                           
7 D&D stands for Design & Development and is the department that is used instead of a Research and 
Development department at Dynapac. 
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3.2.1.1 Selection of respondents 

One difficulty connected to conducting interviews is to interview the right people in order to not 

miss any key insights (Collis & Hussey, 2014). It is important to try to avoid to interview people 

who do not have sufficient knowledge about the research topic in order to not harm the outcome 

of the study (Voss et al., 2002). Due to the time restriction of the study it has been difficult to 

collect all important information about the topic which is why the selection of respondents has 

been extremely important in order to get as reliable results as possible.  

In order to find the right people to interview, and thereby collect as much important information 

and key insights as possible, I have used a method that Blomkvist & Hallin (2015) call 

networking. It is a way to retrieve a non-random sample when performing a case study 

(Blomkvist & Hallin, 2015). Networking has helped me to avoid missing out on key insights since 

it has assisted me in finding key individuals who are affected by this study’s problem formulation.  

The networking process in my case started with the DMM, who was my initial contact and 

mentor at the company. He introduced me and the background of the study to other employees 

in the marketing department, D&D department and production engineers. Whenever I have had 

questions I have first contacted the employees that I have been introduced to before, and who 

already knew what the study was investigating. I have explained the topic of my questions, and 

they have either answered the questions themselves or referred and introduced me to other 

employees who they thought had better knowledge in the specific area. During interviews, I have 

always asked if the respondent can recommend other employees who also have knowledge within 

the discussed areas, in order to be able to later confirm the collected data. The ambition with the 

networking process was to be able to find respondents with sufficient knowledge of the research 

topics for the study in order to increase the reliability of the collected data (Voss et al., 2002). The 

networking process is illustrated in Figure 9. Behind the interviewed employee’s title an 

abbreviation is introduced that is used for referencing to a certain employee. Figure 9 also shows 

how many employees with a certain title that have been interviewed. For example three product 

managers have been interviewed, some of them at several occasions. PM1 is then the product 

manager that was interviewed first. The same system follows for the other groupings that are 

introduced in Figure 9 below.  

 

Figure 9: The networking process that was used to find all interview respondents for the study. 
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3.2.2 Database search  

An internal database search has also been performed which has contributed to the results and 

more specifically the discussion about the feasibility of the design proposal, which was essential 

to answer the main research question. Illustrations and explanations about the current platforms 

and the design of the paver have been found in the internal database. Many of the explanatory 

illustrations that are used throughout the study have also been found in the internal database.  

These illustrations support the understanding of the case context and the empirical results.  

3.2.3 Questionnaire 

The market study was conducted with a questionnaire. The collected answers to the questionnaire 

were then summarized in the design proposal for the Universal paver. The questionnaire was 

necessary in order to investigate how a modular complex product system like the paver affects 

the development of a new product variant demanded by the market.   

The questions for the questionnaire were constructed after some semi-structured interviews in 

which the needed distinctiveness in a new paver variant from the customers’ point of view was 

identified. The questionnaire questions, and thereby the design proposal, were then limited to the 

results of these interviews.  

During these interviews with PM2, VPM, DMM and BLM1 it was identified that the wanted 

paving width of the paver is the most important ability when creating a new paver variant. In 

other words, the minimum and maximum required paving width. This is of course related to the 

width of the roads that the customers need to build or repair.  

The second most important ability concerns the paving capacity, which means how many tonnes 

material per hour that the machine is able to pave. This is determined by the capability of the 

paver to transport material from the truck to the road (the paver and its functions are further 

described in chapter 4). The focus of the market study was therefore to find out if the customers 

had any new demands regarding the paving width and the paving capacity that can not be fulfilled 

with Dynapac’s current product offerings.  

In addition to the demands regarding the two most important abilities of the paver described 

above, the most critical transportation requirements were also included in the questionnaire since 

they restrict the size, shape and weight of the machine. Furthermore, a question concerning the 

sales volume and price of competitors in the market segment that Dynapac wants to enter was 

included in order to be able to calculate the estimated production costs and the pay-back time for 

the product development project.  

The questionnaire was answered by all 15 BLM:s working within the RCE8 division at Dynapac’s 

customer centers in 15 different regions all over the world. The questionnaire was also answered 

by 8 sales engineers that are inferior to the BLM:s. The BLM:s and their inferior sales engineers 

had sufficient knowledge about the customers’ needs, competitors and sales in their region in 

order to answer the questionnaire. The regions are not referred to as their actual names in this 

study, but referred to as the same number as their corresponding BLM and potential sales 

engineer are referred to. The reason for the anonymity is that collected information regarding 

certain regions could benefit Dynapac’s competitors and thereby harm Dynapac’s performance.  

                                                           
8 RCE stands for Road Construction Equipment. RCE is the division within the business area 
Construction Technique within Atlas Copco in which Dynapac operates.  



23 
 

The majority of the questions in the questionnaire were closed questions seeking facts, where the 

respondents had to provide a numerical answer. However the respondents were encouraged to 

explain the reasons for their answers in order for me to gain a deeper understanding of the 

potential special circumstances for each region.  

As suggested by Collis & Hussey (2014) an introductory text explaining the purpose of the 

research was sent in an e-mail together with the survey. Before the questionnaire was distributed, 

it was piloted and re-designed several times internally at the case company. The piloting of the 

questionnaire was done with help from PM2, BLM1, PE and DMM. According to Collis & 

Hussey (2014) this is very important in order to verify the importance of the questions, to be able 

to find out if some key questions are missing and to find potential problems. The full 

questionnaire and the context-explaining text that was attached to it can be found in Appendix B. 

There are many potential difficulties related to questionnaires. The most obvious one is that the 

people that the questionnaire is sent out to do not respond because they do not have time or due 

to other reasons (Collis & Hussey, 2014). In order to prevent this from happening I encouraged 

the BLM:s to forward the questionnaire to their inferior sales engineers whom also have the right  

knowledge and expertise to answer the questionnaire. This request has led to several responses 

from some of the regions, which has been helpful for me in order to verify the collected data by 

comparing answers. Another common problem related to questionnaires is questionnaire fatigue, 

which means that the respondents do not provide truthful answers because they do not care 

enough about the study’s outcome (Collis & Hussey, 2014). In this study the probability of non-

truthful answers is very low because if the need for the Universal paver is low in a region the 

BLM has not even answered the questions but instead left a comment explaining the situation. 

All respondents have answered the questionnaire, which strengthens the outcome of it.   

3.2.4 Literature search 

The literature search has been focused on articles concerning modularity and challenges of product 

development in a modular environment. These key areas were decided after some introductory 

interviews at the company and an introductory literature search. Published texts have been found 

in the databases that I have access to through my KTH account. The databases that have been 

used are KTHB Primo and Google Scholar. Through KTHB Primo I have access to some of the 

preeminent databases within academic research such as Emerald Journals & Books, JSTOR and 

ScienceDirect. The literature search has been iterative in order to try to avoid missing out on any 

relevant findings in previous literature. Eisenhardt (1989) describes that an iterative approach is 

necessary when performing a case study. The iterative literature search was initiated by the 

identification of key areas and the identification of some key words. These key words that have 

been used for the literature search are the following: modularity, modular product platforms, complex 

product systems and product development. 

3.3 Method criticism, reliability and validity  
Regarding reliability, the study has aimed to reach a high degree of reliability by the following 

means: A systematic literature review with identified key topics and words, attached interview 

topics from all interviews and attached questionnaire questions. This was done since the 

reliability is claimed to be increased when the literature study is systematic and procedures are 

rigorously documented and attached (Gibbert et al., 2008). Since the interviews were performed 

in English, a language that is not the native language for me or the respondents, I focused on 
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repeating key points that were discussed and I also tried to confirm the key findings with other 

respondents. This was done to ensure that I had understood the information correctly and to 

further contribute to the reliability of the study. However, given that the study is qualitative and 

that the study is performed on a single case, it is more difficult to achieve the same results again 

than if the data would have been statistically retrieved. The fact that the names of the 

respondents are not given also decreases the reliability.  

My focus on confirming the information retrieved in interviews was not only performed to 

increase the reliability of the study, but also to increase the study’s validity. In order to increase 

the validity further, I spent much time on constructing the interview questions and the 

questionnaire in order for them to fit the purpose the study and to make sure that the study 

actually investigated what it was set out to investigate. These actions are examples of how high 

validity can be achieved in addition to a broad literature review, which I also performed (Gibbert 

et al., 2008). Moreover, in order to increase the internal validity of the study I presented my 

current findings at the case company every second week in order to confirm that I was on the 

right track and that the findings were accurate.  

When the customer needs were determined in order to be able to create the design proposal it 

might have been preferable to contact customers directly and not only the BLM:s and their 

inferior sales engineers working within the case company. To do so would have increased the 

reliability of the study since the results would have been even more accurate. This approach 

would however require a large pool of respondents to the questionnaire, and due to the limited 

time frame of the master thesis (about 20 weeks) this was not a realistic method. However, the 

respondents are considered to be experts at the market in their regions and they all have a close 

relationship with the customers, which has a positive effect on the reliability of the study.  

Moreover, semi-structured interviews could have been performed with all questionnaire 

respondents as an alternative method. This approach would have given a more complete picture 

of the situation. Some additional semi-structured interviews were performed with a few BLM:s 

and sales engineers from different regions during the process of collecting questionnaire answers. 

This resulted in that some BLM:s had the chance to elaborate their answers more than other 

BLM:s. However, these additional semi-structured interviews were conducted since these 

individuals contacted me with a wish to elaborate their answers further. All of these individuals 

saw a great market potential for this kind of paver and wanted to participate further in the 

development of it in order to make sure that the design proposal would fit their requirements. 

This means that the BLM:s and sales engineers who did not make any additional contact either 

did not see a large market potential for the machine or that they did not have time to explain 

their answers more thoroughly. If the second alternative is true, this would harm the results, 

which means that semi-structured interviews with all BLM:s and some additional sales engineers 

from each region would have been preferred. However, this would have been a difficult task due 

to the time constraint of the study.  

Furthermore triangulation could have been performed, by contacting at least three people from 

each region who are considered to have the necessary knowledge and expertise within the studied 

area in order to verify the desires posed by the BLM:s (Collis & Hussey, 2014). My ambition was 

to collect more than one answer from each region, but when attempting this I often got the 



25 
 

response that the submitted answers were compiled in cooperation between several individuals 

who had sufficient knowledge and expertise within the area of investigation.   

3.4 Ethics 
Since some parts of the collected data includes sensitive company-internal information such as 

pricing strategies, desired margins and market volumes these numbers and this information are 

left out. If this information is published it could harm Dynapac, since the company’s competitors 

would have the opportunity to access information that could help them to win tenders for 

example. However, the left out numbers are not considered to affect the outcome of the study. 

In addition to left out numbers, the conducted interviews are not transcribed since confidential 

topics have been discussed during some of the interviews. Nevertheless the topics covered in 

each interview are summarized and attached in Appendix A.  

All respondents have been informed about that they are taking part of a study and have also been 

introduced to the nature and purpose of the study, which is necessary when writing a master 

thesis (Blomkvist & Hallin, 2015). No respondents have refused to take part in the study after 

that they have received this information.  
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Chapter 4  

Empirical Background  
The empirical background concerning the paver and the case company is described in this 

chapter. All information that is presented comes from interviews or the company’s internal data 

base and is considered to be necessary for the reader to understand in order to be able to 

comprehend the study and the results of it.   

Dynapac is an international company in the forefront of the paver industry. Seven years ago a 

decision was made at Dynapac to introduce modular product platforms. The reasons for 

introducing modular platforms were many, and based on the major challenges that Dynapac 

faced at the time which were: a variant explosion of product offerings, an unsatisfactory time to 

market, cost pressure and quality demands.  

These challenges and how they were supposed to be met with the development of modular 

product platforms are summarized in Table 2 below.  

 Table 2: The main challenges that Dynapac faced seven years ago that were supposed to be met with the 

introduction of modular product platforms. 

All these challenges have been met to some extent today as a result of the introduction of the 

modular product platforms according to the DMM. 

A modular product platform at Dynapac is defined as the total set of modules that through 

different combinations generates a number of product variants that can be efficiently developed, 

produced and marketed. The following definitions concerning modularity that have been found 

in Dynapac’s internal database are essential in order to understand the modular product 

platforms at the company. It has been confirmed by the DMM that they are up to date (Dynapac 

2016b; Dynapac 2016c; DMM).  
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Module: A module is the breakdown of a product into building blocks with defined interfaces.  

Module variant: A module variant is the different physical realizations of a certain module. It is 

designed to meet certain requirements within the module and its corresponding interfaces.  

Interfaces: An interface is the connection between two modules or module variants. De-

coupling of the interfaces is necessary in order to secure that the module survives the entire life 

cycle of the product. An interface definition is needed for all module variants.  

Product variant: A product variant is a specific combination of module variants. These 

combinations of module variants represent products that serve specific customer needs and fulfill 

specific functions.  

The DMM explains that the modular product platforms have led to a decreased number of 

product variants, and thereby a decreased number of parts on factory level. Even if the number 

of product variants is decreased compared to earlier, the product portfolio is optimized and the 

current product offerings live up to the same customer demands as the previous product 

offerings did before. Figure 10 shows the product offerings before and after the introduction of 

the modular product platforms for Dynapac (Dynapac 2016b; Dynpac 2016c). This picture also 

includes Dynapac’s other products, planers and feeders, in addition to the pavers which are the 

products that this study focuses on.   

 

Figure 10: The number of product offerings before and after the introduction of the modular product platforms at 

Dynapac (Dynapac 2016b; Dynapac 2016c). 

Dynapac is currently producing pavers based on three platforms representing the basic paving 

widths of 1200, 1800 and 2500 mm. The many different module variants within the platforms 

allow between 8 up to 27 different product offerings from the three platforms (Dynapac, 2016a).  
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Product development strategy at Dynapac 

The DMM and PM2 explain that the implementation of modular product platforms has resulted 

in an expressed product development strategy at Dynapac that builds on always creating new 

products as extensions of one of the existing platforms. This type of product development can 

also be referred to as platform-based product development. There is a large focus on reusing as 

many module variants as possible, and to reuse as many components as possible when new 

module variants are created according to PE. PE further explains that all new module variants 

must have de-coupled interfaces which increases the possibility to use new module variants in 

other products with heritage from the same platform. 

Since Dynapac has a large focus on platform-based product development, this product 

development strategy is the starting point for this study. The demand for the Universal paver 

from the market concerns a model in between the two larger paver models according to DMM 

and PM2. Only these two platforms are therefore interesting for this study. The 1800 platform is 

from now on referred to as the city paver platform and the 2500 platform is referred to as the 

large paver platform.  

The paver  

The pavers produced at Dynapac are complex product systems since the parts and their 

individual functions are more valuable when they are combined with each other to form a system 

than when they are separated. In order to understand how complex the paver is, a basic 

understanding of what a paver is and how it works is necessary.  

A paver is used for building roads and/or repairing roads. The most used material for application 

is asphalt. The paver basically contains of two main parts, the tractor and the screed. The screed 

is connected to the tractor via tow arms (Dynapac, 2016a). The two main parts of the paver are 

shown in Figure 11 below.  

 

Figure 11: The two main parts of the paver, the tractor and the screed, which are connected via tow arms 

(Dynapac, 2016a). 
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The main function of the paver is to distribute the desired material on the road and to compress 

it to the required width, height and shape (Dynapac, 2014c). This function, and the paving result, 

depends on the functionality of the screed. The location and basic function of the screed are 

illustrated in Figure 13 and the screed is also shown in Figure 11. The second most important 

function of the paver is that material must be transported from the truck, which feeds the paver 

with material, to the back of the paver in a fitting pace (Dynapac, 2016a). The transportation of 

material depends on the functionality of the conveyor. The location and basic function of the 

conveyor are illustrated in Figure 13.  

When the material has reached the rear part of the paver the screed spreads and smoothens the 

material as well as pre compacts the laid down area (Dynapac, 2014c). This process is illustrated 

in Figure 12.   

 

Figure 12: The paving process and the material flow through the paver (Dynapac, 2016a). 

The components of the paver and their functions are illustrated and described in the Figure 13.  
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Figure 13: The components of the paver their functions (Dynapac, 2016a). 
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Chapter 5 

Empirical Results – The Paver Case 
This chapter presents the empirical results from the case study of product development in a 

modular environment at Dynapac. To begin with the modularity of the paver at Dynapac is 

presented in section 5.1. Secondly the created market pull design proposal is presented in section 

5.2. At last the feasibility of the design proposal was studied in order to identify the constraints 

that the modular complex product system puts on product development of new product variants 

demanded by the market. The identified constraints are presented in section 5.3.     

5.1 Presentation of the modularity of the paver 
First the interfaces between the modules are described and then the mapping between modules 

and functions of the paver is presented.  

5.1.1 The interfaces between modules in the paver 

Almost all modules in the paver platforms have de-coupled interfaces. In Table 3 an example 

from the city paver platform is illustrated, where there are three different module variants of the 

auger9 (Dynapac, 2016c). They all perform the same function in the machine and have de-

coupled interfaces according to PM2. Therefore all three module variants can be used in all 8 

final paver variants in this case, depending on the customers’ wishes (Dynapac, 2014b; Dynapac, 

2016c).  

 

                                                           
9 The function and location of the auger are illustrated in Figure 13. 
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Table 3: The three different module variants for the auger in the city paver platform. Due to the de-coupled 

interfaces, all module variants can be used in all the tracked and wheeled city paver types (Dynapac, 2014b; 

Dynapac, 2016c). 
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The large paver platform generates a total of 27 product variants and the city paver platform 

generates a total of 8 product variants (Dynapac, 2014a; Dynpac, 2014b). DDM1 explains that 

this large product variety can be achieved with different combinations of module variants. The 

de-coupled interfaces allow many combinations of the existing module variants which results in 

the possibility to be able to achieve a large product variety.  

A summary of the module variants for the city paver platform and the large paver platform can 

be found in Appendix C, which illustrates how it is possible that so many product variants can be 

generated from each platform (Dynapac, 2016b; Dynapac, 2016c).  

5.1.2 Mapping between functional requirements and physical components in the 

paver 

The mapping between functional requirements and physical components in the paver is 

described below. The mapping that is performed in this study is limited to the basic 

functionalities of the paver described earlier – to pave material on the road and to transport 

material to the back of the machine (Dynapac, 2016a). The reason for this is that these are the 

two functional requirements that are most important to consider in the development of a new 

paver variant according to the VPM. This fact is echoed by PM2, BLM1 and the DMM.  

During interviews with DDM1, DDM3 and PM3 it was clarified that the functional requirement 

―pave road with material‖ has a one-to-one mapping to the screed. The other functional 

requirement, ―transport material to the back of the machine‖, has a one-to-one mapping to the 

conveyor. The screed and the conveyor are solely responsible to perform these functions, and are 

not supposed to share their functions with any other modules. The screed and the conveyor 

mapped to their functional requirements are illustrated in Figure 14. 

 

Figure 14: The functional mapping for the screed and the conveyor.  

5.2 Market pull design proposal  
An identified market need for a new paver model triggered the need for a market s tudy and the creation of the market pull design pr oposal. T he sugges ted new pav er varian t is called ―The Univers al pav er‖ in this s tudy.  

The design proposal is based on what changes the customers expect from a new paver variant in 

order for it to have a sufficient level of distinctiveness compared to the already existing paver 

variants that Dynapac offer. It is described in section 3.2.3 that the most important abilities of the 

paver from the customers’ point of view when creating a new paver variant is the paving width 

and the paving capacity. Therefore the design proposal is limited to these two abilities of the 

paver. 
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The results from the market study imply that a paver with a basic paving width in between the 

current basic paving width of the city paver and the large paver is requested10. The BLM:s and 

sales engineers from region 1-11 desire a basic width of the screed that is in between 2-2,3 meters 

and a maximum working width up to 6 meters. An exact basic paving width for the Universal 

paver will be determined when a full feasibility study has been performed, which is out of scope 

for this study (see section 1.4). However, it has to be somewhere in between 2-2,3 meters 

according to the questionnaire answers.  

The questionnaire answers further imply that the most important part concerning the paving 

width is that the Universal paver must be able to pave up to 6 meters, but not necessarily wider 

than that. Regarding the basic paving width, at the extremes, if 2 meter is decided to work best 

for the overall functionality of the machine, the customers will be able to choose any paving 

width between 2-6 meters which thereby lives up to all requirements from the questionnaire 

answers. If on the other hand 2,3 meter is decided to be the best option for the basic width of the 

screed, the customers can use so called reduction shoes which are able to reduce the paving width 

up to 0,5 meters. Therefore the customers that need to pave 2 meter roads can achieve this even 

with a 2,3 meter screed. However, since the screed more or less determines the width of the 

whole machine, the smaller the basic width of the screed, the more flexible and mobile the paver 

is. Many of the answers from the questionnaire imply that flexibility and mobility are two 

important traits for the Universal paver.   

The fact that the desired basic paving width would be in between the basic paving width of the 

city paver and the large paver was anticipated by the DMM, BLM1 and PM2 before the market 

study was carried out. According to the questionnaire answers the strongest reasons for this 

requested basic paving width are expected new safety regulations for operators demanding a 

certain needed safety space between them and bypassing traffic in other lanes11, and the fact that 

the job sites often are tight and narrow when building housing estate roads and municipal roads. 

Job sites are often tight and narrow since they typically are crowded with machines and people. 

However, the city paver is considered to be too small to be able to handle the kind of road works 

that the Universal paver will be aimed at handling.  

The requirements for needed paving capacity and transportation were similar in all regions. The 

most critical requirements have therefore been used in the design proposal. A factor that was 

taken into account when the retrieved data was analyzed was that requirements from regions 

where the need for the Universal paver was low or non-existent were not heavily considered. 

This was the case in region 12-15. These regions did not see a great market potential for the 

Universal paver and were content with Dynapac’s current product offerings. 

The demands for the Universal paver in form of paving width, paving capacity and transportation 

requirements together with the corresponding values for the large paver and the city paver are 

summarized in Table 4. The values for the city paver and the large paver are based on the top 

selling paver variants from these two platforms and the values are confirmed by PUM. 

                                                           
10 The paving widths of the city paver and the large paver are shown in Table 4.  
11 On a job site there must always be two workers operating the screed, standing on the road on both sides 
of the machine. The risk for accidents due to bypassing vehicles has triggered the upcoming new 
regulations regarding safety space for the operators. 
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Table 4: A comparison of the transport dimensions, paving widths and paving capacities between the large paver, 

the city paver and the requirements for the Universal paver. 

To sum up, in contrast to the demands of the large paver, which are that it should be powerful 

and stable, the demands for the city paver and now also the Universal paver are that they should 

be more flexible and mobile. The Universal paver should thereby fulfill the same demands as the 

city paver, but it needs to be able to pave larger widths.  

The Universal paver can therefore be described as a ―large city paver‖ instead of a ―small large 

paver‖. Therefore it will be developed as an extension of the city paver platform. The reasons for 

this is both that the Universal paver will have similar characteristics as the city paver, and, that it 

would not be technically possible to create new, shrunk module variants from the large paver 

platform according to DDM1 and DDM2.  

DDM2 explains that for example the large paver screed is more stable than the city paver screed 

in order to be able to pave larger roads. Therefore it uses a more stable so called 4-tube system, 

compared to the 2-tube system that the city paver screed uses. The components that make up the 

screed with the 4-tube system take up more space than the components in the 2-tube system, and 

would not fit in a smaller screed version. However, to enlarge the 2-tube screed to the required 

basic paving width of the Universal paver is possible, and this enlarged screed would be strong 

enough to pave the demanded paving width of the Universal paver.  

The screed is only one example of a module from the large paver that can not be shrunk. 

However, since the screed is linked to the paving width which is considered to be the main 

function of the paver this is an argument that is strong enough to decide that the Universal paver 

from now on is handled as a potential extension of the city paver platform and thereby not as an 

extension of the large paver platform. Since the interfaces are not the same in between the two 

platforms the Universal paver from now on must stay within the modular system of the city 

paver. All new module variants needed for the Universal paver will therefore be based on the 

modules in the city paver platform, which means that they have the same de-coupled interfaces as 

the other module variants within this platform.  

The expected market volume and sales price was also determined with help from the 

questionnaire answers, however, this information is considered to be confidential and is not 
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presented in the study. This information has however been used in order to calculate the target 

production costs for the Universal paver and to calculate the expected pay-back time.  

5.3 Constraints on the product development of a new paver model 
During discussions concerning the feasibility of the Universal paver some overall constraints on 

the product system have been discovered that are caused by the complex architecture of the 

product. The identified constraints are however rather related to the functionality of the paver 

and not only the design of paver. Constraints merely related to the design of a product is a topic 

that has been emphasized in earlier literature. Because of this new identified type of constraints’ 

relationship with the complex paver architecture and the functionality of the paver, I have 

decided to call these constraints ―architectural functional constraints‖.  

With architectural functional constraints I mean constraints that unexpectedly lead to a needed 

update to more than one module in the product. The transportations requirements for the 

Universal paver can therefore not be categorized as architectural functional constraints since it is 

expected that any changes in these requirements would affect more than one module as they 

affect overall physical characteristics of the paver such as length and width. Architectural 

functional constraints are rather constraints that force a chain reaction of affected modules when 

a functional requirement is changed, even if this functional requirement exhibits a one-to-one 

mapping to a physical component and the affected modules also originally have a one-to-one 

mapping. This kind of unpredicted chain reaction between modules is, as mentioned earlier, a 

consequence of the complex architecture of the paver.   

Three architectural functional constraints have been identified in the paver product system: 

center of gravity, traction and material flow. These architectural functional constraints and their 

impact on the development effort of the Universal paver are further described in the following 

sections.  

Center of gravity 

DDM1 and DDM2 explain that the center of gravity is determined by in what way the weight is 

distributed in the paver. The center of gravity is mostly affected by changes to the screed. This is 

because the screed typically makes up around 15-20% of the total weight of the paver and is 

located in the rear part of the paver (Dynapac, 2016a). If a new module variant of the screed with 

for example a new width, and thereby inevitably also a new weight, is demanded for a new 

product variant the center of gravity must be adjusted.  

In the case of the Universal paver a wider screed variant is demanded compared to the existing 

screed module variants that are included in the city paver platform. DDM3 points out that since 

the screed is located in the rear part of the machine, the weight in the front of the machine needs 

to be adjusted to the weight of the screed in order to regulate the center of gravity.  This leads to 

that several modules in the front of the machine might be affected when a change is made to the 

screed in order to adjust the center of gravity. DDM1 and DDM4 emphasize that if the weight is 

not distributed correctly, the screed will not be able to perform its function, and thereby the 

product system performance is not only degraded but the paver will not be able to perform its 

functions at all.  
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Traction 

DDM5 describes that the traction of the machine can be adjusted in two ways; either by changing 

the total weight of the machine or by changing the contact area between the tracks/wheels and 

the road. DDM5 explains further that the screed plays an important role in this case as well. If a 

new screed module variant is needed with a wider basic paving width, like in the case with the 

Universal paver, this causes larger friction between the road and the paver. Naturally, more 

friction needs more traction. Moreover, more traction might also lead to the need of a stronger 

engine.  

DDM4 means that the traction is one of the largest problems with the market pull design 

proposal for the Universal paver. The tracked version of the Universal paver can easily live up to 

the maximum requested working width of 6 meters when it comes to traction with only small 

changes to the existing track module variants. However, the tires in the wheeled version are 

pushed to their limits with the current maximum working width of the city paver. In order to live 

up to the traction requirement and maximum desired weight requirement of the Universal paver, 

new tire module variants would be needed with a larger contact area between the tire and the 

ground. The needed enlargement of the contact area between the tires and the road would lead to 

difficulties in turning the machine and a decreased space for the internal parts of the paver 

according to DDM2. For a wheeled paver version, the architectural functional constraint of 

traction therefore ultimately comes down the weight of the machine and not the contact area 

between the tires and the road. In short, if the wheeled paver version of the Universal paver is 

not heavy enough it will have major problems with the application since the traction will not be 

large enough according to DDM1 and DDM2. If it is heavy enough to live up to the needed 

traction it will exceed the maximum required transportation weight for the Universal paver.  

To sum up, the architectural functional constraint of traction affects more than one module. As 

soon as the weight of one module is increased in order to support the traction, the center of 

gravity might have to be adjusted as well, which once again would start a chain reaction of 

affected modules. Nevertheless, the traction only needs to be increased when the screed is 

enlarged, like in the case of the Universal paver, and not if it is shrunk. 

Material flow 

The material flow also puts an architectural functional constraint on the system according to 

DDM3 and DDM5. Depending on the paving capacity, a certain amount of material needs to be 

transported from the front to the back of the paver within a certain time frame. As described 

earlier, this functional requirement constitutes a one-to-one mapping to the conveyor. However, 

DDM1 and DDM3 claim that when the demanded paving capacity changes, it puts a constraint 

on the modular system that affects several modules which do not share this functional 

requirement with the conveyor. The modules that are affected when the paving capacity changes 

are the paver frame, the auger and the hopper. This is because any major change in demanded 

paving capacity affects the required material flow through the paver which ultimately not only 

depends on the conveyor, but indirectly also depends on the paver frame, the auger and the 

hopper.  
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The paver frame includes a material tunnel in which the material is transported from the front of 

the paver to the back of it by the conveyor (Dynapac, 2016a). If the amount of material is 

increased, like in the case of the Universal paver, the area of the material tunnel must be 

increased in order to be able to manage the throughput rate. DDM2 points out that when the 

needed paving capacity is changed, the auger and the hopper might be affected as well. An 

adjustment of the size and capacity of the auger might be needed to live up to the demanded 

paving capacity and the hopper might not have enough space to take in all the material without 

risking that it falls out again.  

Remembering the problem concerning weight distribution that was introduced earlier, any 

changes in size to the hopper or the paver frame result in a new total weight in the front of the 

paver which might affect the center of gravity. As explained earlier the center of gravity is 

extremely important for the paver’s functionality. Therefore it is important to adjust some 

modules to make sure that the center of gravity ends up at the right place in order for the 

machine to function.  
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Chapter 6 

Analysis 
In this chapter the empirical results that were presented in the previous chapter are analyzed with 

help from the literature that is presented in chapter 2. This chapter leads to an answer to the 

research question, which then is summarized in the following chapter.  

6.1 The effects of the architectural functional constraints on 

product development 
The architectural functional constraints have been described to be the largest challenge to the 

development of the Universal paver during interviews at the case company. This is due to the 

negative effects of the architectural functional constraints on the development of the Universal 

paver. Two main effects of the architectural functional constraints that constrain the 

development of the Universal paver have been identified and are introduced below.   

1. The need for a careful balancing between affected modules 

2. The inability to design and produce modules autonomously and in parallel 

These identified effects of the architectural functional constraints and in what ways they 

constrain product development are further described in the following sections.  

6.1.1 The need for a careful balancing between affected modules 

The need for a careful balancing between modules that are affected by the architectural 

functional constraints means that all affected modules need to adjust when a change is made to 

one module in order to satisfy the architectural functional constraints. This effect of the 

architectural functional constraints constrains product development in two ways: (1) Through a 

risk of dysfunctionality of a new product variant if the balancing is not carried out properly, and 

(2) through a risk of commonality which leads to a time consuming decision process for new 

product development projects and ultimately it could lead to a failed product development 

project. These two risks that are constraining product development are described below.  

Risk of dysfunctionality of a new product variant  

The paver case confirms Ethiraj & Levinthal’s (2004) claim that a local change to one component 

can have unpredicted consequences on the system performance due to the inherent nonlinearities 

in complex product systems. The architectural functional constraints trigger such unpredicted 

consequences that are characteristic for complex product systems according to e.g. Hobday 

(1998) in form of a chain reaction of affected modules.  

Further, Ethiraj (2007) has suggested that a product system’s performance might suffer because 

of the complexity of a product, and more precisely the author argues that the system risks a 

degraded performance if the capacities between components are unmatched. For example if the 

maximum capacities of the different components do not correlate with each other this could 

degrade the system performance, like in the example of the PC (Ethiraj, 2007). 
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The material flow-constraint can be compared with the example of the RAM and microprocessor 

in a PC (Ethiraj, 2007). If a new conveyor module variant is created with a larger diameter and 

faster speed in order to meet a change in the functional requirement, it will be able to transport 

more material from the truck to the road. However, even if the conveyor works at highest 

capacity, the paver ceases to function if the material tunnel, auger and hopper are not adjusted to 

an increased paving capacity. There is a risk that the material might plug the material tunnel, get 

stuck in front of the auger or that the application turns out to be unacceptable regarding height, 

width and shape if the modules are not matched to each other.  

The risk of dysfunctionality which is an effect of the architectural functional constraints is 

therefore in line with Ethiraj’s (2007) theory concerning that complexity can degrade system 

performance if the capacities of modules are not matched to each other. The paver case shows 

similar characteristics since the change to one module creates a chain reaction of needed changes 

to other modules in order for the paver to function properly. However, in the case of the paver, 

the modules affected by the architectural functional constraints need to be carefully balanced. If 

they are not carefully balanced this will lead to that the paver performance not only will be 

degraded, but the paver will not function at all according to DDM1.  

One example of the risk of dysfunctionality observed in the paver case is the screed. As described 

in section 5.3 the paver will cease to work if the weight of the screed is not counterbalanced in 

the front of the machine. The product performance of the paver therefore depends on a balanced 

equation that includes all the modules that are affected by the architectural functional constraints 

when performing a change to the screed.  

The risk of dysfunctionality that is caused by the need to balance modules that are affected by the 

architectural functional constraints constrains product development efforts since the balancing 

can be difficult and time consuming. A miscalculation in the balancing of the modules would 

harm the product development since the result would be a non-functioning product. In addition 

it could be very difficult to trace the reason for dysfunctionality in complex product systems 

because of the nonlinear behavior in such systems.  

Risk of commonality  

The fact that the modules that are affected by the architectural functional constraints need to be 

balanced with each other in order to avoid the risk of a dysfunctional product means that it has 

to be decided which module updates that are most important. The module change that is 

considered to be most important, based on a prioritization of the customer requirements that are 

summarized in the design proposal, will then govern what other modules that need to be updated 

and in what way in order to create a functional product. Depending on what modules that 

indirectly are affected by the customer requirement that is considered to be most important, 

maybe only one or a few customer requirements can be fulfilled. The fact that modules indirectly 

are affected by a change to one module is a direct effect of the architectural functional 

constraints, which is explained earlier. As mentioned earlier this means that some additional 

modules are affected even if they initially are not mapped to the functional requirement that is 

changed. This means that a lower ranked customer requirement can not always be fulfilled if it is 

mapped to a module that was already changed earlier since it indirectly was affected by another 
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changed customer requirement that was higher ranked. Even if the different customer 

requirements are mapped to different modules one can not be sure that all customer 

requirements can be fulfilled as a result of the chain reaction of affected modules.  

In summary, the effect of the needed prioritization of customer requirements is an inability to 

live up to all requirements from the market even if the requirements are mapped to different 

modules. Hence, the architectural functional constraints cause a need for a modification of the 

Universal paver design proposal. In short, the importance of the collected market pull 

requirements must be rated because of the inevitable chain reaction amongst the modules when a 

change is made to one module. In the case of the Universal paver, the modules that are affected 

by the weight and the width of the screed need to be developed to fit the needed changes to the 

screed. The screed will be prioritized in the Universal paver design since the paving width is 

regarded to be the most important ability of the Universal paver.  

The risk of a modified design proposal is an increased risk of commonality with other product 

offerings compared to if the new product variant would be able to live up to the original market 

pull design proposal. The dangers of commonality are that a high degree of similarity with earlier 

product offerings can lead to dissatisfied customers and it could also lead to a cannibalization of 

earlier product offerings according to Magnusson & Pasche (2014).  

With these threats of commonality in mind, it is important to take into account that a modified 

design proposal for the Universal paver could decrease an earlier estimated market volume due to 

a lower value of the final product from the customers’ point of view. In other words, the market 

volume might be affected in a negative way if the down-prioritized customer requirements that 

can not be fulfilled because of the needed balancing between modules leads to lost customers. 

The down-prioritization can lead to lost customers if some of the expected customers are 

dissatisfied with the final product offering if for example their requirements are ignored. Further, 

the market volume can be affected in a negative way if the new product variant does not turn out 

to be distinctive enough compared to a company’s other product offerings. There are two 

possible outcomes if the new product variant is too similar to other product offerings. On the 

one hand the new product variant might cannibalize the already existing products, which is 

pointed out by Magnusson & Pasche (2014). On the other hand, commonality with existing 

product offerings can result in that the new product variant is difficult to sell on the market since 

it might be difficult to convince customers to buy the new product instead of the previous ones 

that are very similar. Therefore a balance between commonality and distinctiveness in new 

product variants is needed in order to assure that the new product variant instead creates an 

additional market volume, which is necessary in order to increase the profitability of the 

company. The need for balancing commonality and distinctiveness is confirmed by Jose & 

Tollenaere (2004). The authors point out that this balancing is crucial for a successful product 

development from modular product platforms (Jose & Tollenaere, 2004).   

If the market volume is affected in some way by a modified design proposal, the original cost 

calculations need to be updated according to the new estimated market volume. The new 

estimation would lead to a new target production cost and a new estimated pay-back time of the 

product development project.  
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To sum up, the risk of commonality in general triggers the need to go through the following 

decision process for new product development projects in a modular environment in order to 

manage an economic sustainable development of a new product variant:  

(1) Prioritize the customer requirements and find out what modules that are mapped to the 

prioritized functional requirements.   

(2) Make an analysis of what modules that are affected as a chain reaction to any needed 

changes based on the result of step (1). 

(3) Update the expected market volume. Two questions that need to be answered in this step 

are:  

a. Will the down-prioritized customer requirements that can not be fulfilled due to 

the needed balancing of modules lead to lost customers?  

b. Will commonality lead to lost customers due to the fact that the new product 

variant is not distinctive enough compared to other product offerings?  

(4) Make a cost analysis based on the costs of updating the modules that need to be updated 

according to step (2) and the new expected market volume. This cost analysis will include 

an updated expected pay-back time and an updated target production cost based on the 

new expected market volume, the expected sales price and the desired margin for the 

product development project. Determine if the development of the design based on the 

prioritizations established in step (1) seems feasible or not. 

(5) Proceed with the design or start over again from step (1) depending on the result of step 

(4). If many different designs are scrapped, the whole project should be questioned. 

This decision process for new product development projects that was developed in order to 

manage the increased risk of commonality which is a result of the need for a careful balancing 

between affected modules is illustrated in Figure 15.  

 

Figure 15: The decision process for new product development projects that was created in order to handle the 

increased risk of commonality that emerges because of the need to carefully balance affected modules. 
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Of course the final decision regarding the development of a modified market pull design 

proposal will be affected by other factors such as possible other on-site constraints like for 

example inventory space and capacity in the production lines according to PE. Nevertheless this 

study only focuses on the constraints that are caused by a modular complex product system and 

no other potential constraints.  

The risk of commonality as a result of the need to balance modules that are affected by the 

architectural functional constraints constrains product development efforts. The decision process 

for new product development projects that is described above can be very time consuming, 

especially if one has to start over again after the fourth step. Since the decision process is time 

consuming, this means that the entire product development process is time consuming as well. 

Additionally, a too high level of commonality can result in the need for killing a product 

development project. This is mentioned above as a possible outcome of the fifth step in the 

suggested decision process for new product development projects that companies need to go 

through because of the risk of commonality.  

6.1.2 The inability to design and produce modules autonomously and in parallel 

Regardless of the fact that the paver can be categorized as a modular product following Ulrich’s 

(1995) criteria of de-coupled interfaces and one-to-one mapping, physics and the complexity of 

the paver system enhance a nonlinear behavior. This nonlinear behavior leads to architectural 

functional constraints that affect several modules as a result of a change in a functional 

requirement. The architectural functional constraints and the chain reaction of affected modules 

that they lead to result in the inability to design and produce modules autonomously and in 

parallel.  

As explained above, the affected modules must always be balanced with each other and the rest 

of the system in order to make sure that the product performance is not affected when a new 

module variant is created and integrated into the product system. This means that there is no way 

of changing or replacing one module that is affected by the architectural functional constraints 

without also affecting other modules. DDM1 explains that when a new product variant is 

designed, it must be tested together with all the modules it affects in order to find out if the 

system complies with the architectural functional constraints.  

It is described in the literature that two of the main benefits of modular products, namely to be 

able to create new product variants rapidly and cost-efficiently, originate from the ability to 

design and produce modules individually (e.g. Ericsson & Erixon, 1999, Pil & Cohen, 2006). 

Therefore it is not surprising that the inability to do so hinders the presumed rapid product 

development rate and might increase the costs of creating a new product variant. The 

constraining effects on the product development rate and the costs are further described in the 

following sections.   
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Decreased product development rate 

A decreased product development rate in a modular environment caused by the complexity of a 

product has been discussed in previous literature by Ethiraj (2007). However, the author suggests 

that this is due to unbalanced capacities between related modules (Ethiraj (2007). The argument 

is built on the risk that a needed increase in capacity of certain modules demands new 

technologies or is beyond the capabilities of the company, which as a result might slow down the 

product development rate (Ethiraj, 2007). The same problem has not been observed in the case 

of the paver, where needed changes are not likely to be beyond the control of the company nor 

technically difficult to perform in-house according to DDM1 and DDM3. This statement is 

based on the fact that the road authorities have well designed processes to build/repair roads 

which could take years to change. This fact restricts any desire to change the norms with radical 

innovations since such changes would take a long time to implement in practice (Dynapac, 

2016d). Today innovations in the paver industry only occur in form of size, new material or 

smaller functional changes that will ease the usage of the paver. The knowledge to perform such 

changes is definitely not beyond the control or inherent knowledge of the company according to 

the DMM. 

A slow product development rate for new paver variants is rather caused by the inability to 

develop new module variants autonomously than by the reasons described by Ethiraj (2007). 

Further, the fact that the architectural functional constraints have to be kept in mind constantly 

in order to reach a functional product design might also slow down the product development 

rate.  

Larger costs than expected 

Regarding the costs of creating a new product variant, the costs of creating the Universal paver 

can rise well above the expectations since the change in one module unexpectedly affects many 

other modules in the product because of the architectural functional constraints. A change that 

was only intended to affect one module, like for example the screed in the Universal paver, 

creates a need for the development of many more new module variants because of the 

architectural functional constraints. Larger costs than expected of course constrain the product 

development of new product variants, since the budget for a new product development project 

often is limited.  
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Chapter 7 

Conclusions and Discussion  
The study’s conclusions are presented in this chapter. To begin with the answer to the research 

question is summarized. Then the proposed implications of the study are explained including 

theoretical implications, managerial implications and a discussion on economic sustainability. At 

last limitations and proposed future research is presented. 

7.1 Conclusions - Research question  

How does a modular complex product system constrain the development of new product 

variants demanded by the market?   

In the paver case study it was identified that the effects of the architectural functional constraints 

constrain the product development of new product variants.  

The architectural functional constraints are a result of the complexity of the paver design. 

According to the paver case there are two main reasons for why modular complex product 

systems constrain the product development of new product variants: (1) The need for a careful 

balancing between modules that unintentionally are affected by a change to one module because 

of the architectural functional constraints, and, (2) the inability to design and produce modules 

autonomously and in parallel.  

The first-mentioned effect constrains product development since the balancing of modules can 

be very time consuming. However the balancing is necessary in order to avoid a dysfunctional 

product. Further it constrains product development since the balancing hinders the ability to 

develop a pure market pull product design, which in turn increases the risk of commonality with 

other product offerings. The reason for the needed modification of the design proposal is that 

some customer requirements will not be able to be fulfilled in parallel with other ones. What 

requirements that can be fulfilled depends on which modules the prioritized requirement is linked 

to, and what other modules that are affected when a change to one module is made because of 

the architectural functional constraints.  

Altogether, the need for a careful balancing between modules that are affected by the 

architectural functional constraints makes the product development process more complex than 

expected for a modular product. The balancing of modules might result in a very time consuming 

product development project where the risk of commonality must be taken into consideration in 

order to successfully launch a product on the market, ensuring satisfied customers and no 

cannibalization of current product offerings. In the worst case, the product development project 

must be killed if the modified design proposal leads to a decreased market volume that implies 

that the product will not survive on the market.   

The second-mentioned effect is a result of that the change of an ostensibly one-to-one mapped 

functional requirement affects more modules than the one it is mapped to. This jeopardizes the 

notion of that modularity allows a fast and cost-efficient development of new product variants, 
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which are the two most often mentioned benefits of modularity in the literature (e.g. Ulrich, 

1995; Baldwin & Clark, 2000; Magnusson & Pasche, 2014). Therefore this effect of the 

architectural functional constraints obviously constrains product development since it slows 

down the product development rate and causes larger costs than expected for new product 

development projects.   

7.2 Implications 
The purpose of the study was to contribute with empirical data that would complement the 

existing research on product development of complex products in a modular environment. The 

parts of the study’s results that fulfill this purpose make up the theoretical contribution of the 

study. To collect additional empirical data within this field was considered to be necessary in 

order for companies to gain a further understanding of how modular complex product systems 

constrain product development. This kind of knowledge is important since a well-functioning 

product development process is crucial to stay competitive on the fluctuating market. To the best 

of my knowledge a similar study investigating the constraints of platform-based product 

development of a new complex product variant demanded by the market was missing before.   

The aim of the study was on the other hand to support manufacturing companies operating in a 

modular environment and producing complex products to gain a better understanding of how to 

perform an efficient product development of new product variants. Therefore part of the results 

of the study can be seen as managerial implications. The managerial implications also include a 

sustainability discussion on how managers can ensure long-term competitiveness and 

profitability. 

The theoretical and managerial implications are described further in the following sections.  

7.2.1 Theoretical implications  

A new category of constraints are developed in this study which I decided to call ―architectural 

functional constraints‖. The definition of architectural functional constraints that is developed in 

this study is not discussed in previous literature (see section 5.3 for the definition of architectural 

functional constraints that was developed in this study). Briefly, the concept of architectural 

functional constraints means that an overall restriction on a product system results in that a 

change to a functional requirement that is mapped to a certain module unexpectedly leads to a 

needed change to more other modules that are not directly mapped to the changed function.  

The reason for why I have decided to call the identified constraints ―architectural functional 

constraints‖ is in order to put them in relation to more well-known problems that are common 

when performing product development of modular complex product systems. It is often 

mentioned in manufacturing companies that the design of a product can constrain product 

development of new product variants. For example Clark & Fujimoto (1991) imply that the 

design of the product can constrain the development of new product variants since a machine 

might have a very rigid design where different components might have fixed positions which 

makes it difficult to perform wanted or needed changes. The reasons for why different 

components might have fixed positions in a design are for example that the interfaces between 

the modules are very complex and thereby sensitive to any changes, and it could also be because 

of aesthetical reasons. An example could be if a gear box in a car needs to be located at the left 

side in the car at a certain position and can not be moved to another place because of its 
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interfaces with surrounding components. I have decided to call such constraints ―architectural 

design constraints‖ in lack of a better term in the existing literature and in order to put them in 

relation to, and be able to differentiate them from, the architectural functional constraints that are 

investigated in this study.  

The paver also has some architectural design constraints which can be expected. Like the case 

company, most manufacturing companies are well aware of the architectural design constraints 

that are present in their products and know how they can hinder product development efforts.   

The architectural functional constraints are nevertheless new within the field while the 

architectural design constraints are not. The architectural functional constraints and the 

architectural design constraints can be seen as subcategories to constraints on product 

development efforts in a modular environment. As can be understood from the name of the new 

type of constraints, they are related to functional aspects of a product in comparison to design 

aspects. 

Another problem that is mentioned in earlier literature is that the complexity of a product can 

constrain product development of new product variants in a modular environment (e.g. Clark & 

Fujimoto, 1991, Ethiraj & Levinthal, 2004, Ethiraj, 2007). The effects of the architectural 

functional constraints can be compared with earlier identified constraints, however additional 

reasons for why product developments efforts are hindered are examined in this study, and 

thereby the study further contributes to the existing research. It is shown in this study that the 

architectural functional constraints hinder product development efforts in a similar way as 

unmatched capacitates between components does which is a matter explored by Ethiraj (2007). 

However, Ethiraj’s (2007) discussion about unmatched capacities between modules can be 

categorized in the design constraint category since it is related to the interfaces between 

components and how components interact with its surrounding components.   

According to the results of this study, it is the complexity of the paver that causes the 

architectural functional constraints. The effects of the architectural functional constraints that are 

presented in this study explain how modular complex product systems can constrain product 

development in an additional way compared to how architectural design constraints hinder 

product development efforts.  

Nevertheless one large weakness of case studies is that the possibilities for other companies to 

use the results might be limited since such studies typically are conducted on single cases (Voss et 

al., 2002). However, the results of this study are not only useful for the case company, but could 

also be used by other manufacturing companies producing complex products in a modular 

environment. Gibbert et al. (2008) confirm that the results of case studies like this one still can 

still be applicable in other contexts if they have an obvious relevance in other cases in spite of 

their qualitative characteristics. 

The definition of an architectural functional constraint can be used by other manufacturing 

companies that also are producing complex products in a modular environment in order to 

understand constraining factors on their product development efforts. If architectural functional 

constraints are found in a product system at equivalent manufacturing companies, it is expected 

that the same constraining effects on product development efforts that are described earlier will 

be experienced. 
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7.2.2 Managerial implications 

A greater understanding of what factors that constrain product development can help companies 

to optimize their product development processes.  

Given that architectural functional constraints are found, the most important managerial 

implications concerning how to handle product development projects are summarized in the 

decision process described in section 6.1.1. This process is created to aid managers to perform 

product development and provides a structure for product development projects that will ensure 

an economic sustainable way of meeting new market demands. This means that the company will 

be able to achieve a long-term profitability and gain a long-term competitive advantage by using 

the developed decision process for new product development projects. The decision process 

leads to that only projects that are in line with a long-term economic sustainability for the 

company will be realized. 

The focus in the decision process lies on matching the customers’ requirements with the 

development possibilities of the company by taking the effects of the architectural functional 

constraints into consideration when creating new product variants. There is a large focus on the 

financial aspects in the decision process, which as mentioned above will help companies to 

increase and ensure their economic sustainability.  

Moreover, the decision process for new product development projects can also be used as a tool 

to communicate how different actions and factors affect product development and the 

competitiveness of the company. This makes it easier for managers to explain to the employees at 

different departments which product development projects that are worth to realize and why, and 

vice versa.  

If architectural functional constraints are discovered, companies with for example modular 

product platforms can also use this knowledge when designing the base for a new platform. 

Based on the expected architectural functional constraints, an optimized product architecture can 

be designed when creating new products that are in the same product category as earlier 

products. Hence, when products that are expected to have the same or similar architectural 

functional constraints will be developed from a new platform, managers can use earlier gained 

knowledge when building both the platform and when designing the product variants that will 

emerge from it.  

7.3 Limitations and future research 
A case study was conducted in order to investigate what constraints modular complex products 

put on the development of new product variants demanded by the market.  

One limitation of the study was that the results are based on an early stage of the product 

development process, which means that they are based on inherent theoretical knowledge in the 

company and calculations, but no real prototypes and testing. Prototyping and testing would be 

necessary to confirm the identified architectural functional constraints and the identified 

constraining effects on product development that they have.   

Another limitation of the study was that the results are based on a single case study, which makes 

it difficult to prove that the results can be applied in other contects. Eisenhardt (1989) means that 

multiple case studies can give stronger results and a higher generalizability than single case 
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studies, since patterns could be found with this kind of approach. However, as described in 

section 7.2 the results of this study are expected to be able to support other manufacturing 

companies that are performing product development of complex products in a modular 

environment. The new category of constraints that has been observed in the paver case can be 

helpful for other manufacturing companies that produce modular complex products in order for 

them to understand the difficulties of product development efforts in a modular environment. 

This knowledge could also potentially help these other manufacturing companies to save time 

and money during a design and planning phase for a new product variant.  

Nevertheless, the limitations trigger the need for further research to verify, compare and 

supplement the results in other contexts. Especially the identified new type of constraints would 

be interesting to investigate further.  

The topic of product development of complex products in a modular environment is moreover 

worthy a more comprehensive examination. More research within this field would be interesting 

especially because of the inherent unpredictability in complex product systems that implies that 

many more empirical findings that have not yet emerged probably can be observed within this 

field. One question that the inherent behavior of complex product systems raises is if any other 

subcategories of constraints on product development can be found if a similar study on product 

development of complex product systems is performed in another context, like for example in 

another industry.  

It would also be of interest to compare a modular strategy and an integral strategy and how these 

different strategies affect product development of complex products. Such a comparison could 

provide information regarding which the optimal strategy would be under different circumstances 

in order to reach the best possible results when producing complex products.  
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Appendix A – Summary of all qualitative data collection 

interactions 
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Appendix B – Questionnaire design  
Hi XX,  

My name is Caroline and I am currently working at Dynapac GmbH in Wardenburg, Germany.  

I am doing a market study for a dedicated paver that could be offered against competitor A-C12 

and others. Therefore I am contacting you to collect information about expected master 

specifications and wanted options in your region for such a paver.  

It would be helpful if you could answer the attached survey and also forward it to your sales 

engineers if possible. Please add additional comments to your answers for a better understanding.  

Thank you for your time and engagement. 

Questionnaire 

1. Contact information 

Name:  

Title:  

Phone:  

Region: 

 

2. Transportation – Requirements for transport dimensions: 

 

Height (m):  

 

Length (m):  

 

Width (m):  

 

Weight (t):  

  

3. Wanted screed options for your region: 

 

Wanted basic width (m):  

 

Wanted maximum working width (m):  

 

Wanted size of the extension boxes (m):  

 

4. What is the needed paving capacity (t/h)? 

 

5. For wheeled paver model: What is the market volume (demand per year) and 

market price for competitors A-C in your region?  

 

                                                           
12 The identified main competing machines are confidential.  
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Please specify if there are other competitors in your region, if so, what is their market 

volume and price?  

 

6. For tracked paver model: What is the market volume (demand per year) and 

market price for competitors A-C in your region? 

 

 

Please specify if there are other competitors in your region, if so, what is their market 

volume and price? 

 

7. Please specify if there are any other options required for your region: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

Appendix C – Overview of the modules in the city paver platform 

and the large paver platform 
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