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Abstract 

In the modern world, internationally active companies must diversify their product 
portfolio to satisfy a wide range of customers. This leads to problems of increased 
complexity and means to manage that complexity are needed to maintain efficiency. 
This project was carried out at Husqvarna Group, and was focused on the modelling of 
product families as a way to manage product information. The purpose of the study 
was to evaluate a chosen method used to model product families. The resulting 
structure was compared to the current structure. The structure was also used as the 
basis for a prototype implementation of a modern PLM system. The method used was 
the product family master plan. The method is especially focused on modelling 
variance. The method models a product family from three perspectives, a customer, an 
engineering and a part/production perspective. The PLM implementation was done in 
the PLM system Aras. The study found that the method resulted in a well-structured 
product architecture that provided a good overview of the product family. One major 
advantage over the old way of working was the addition of a generic structure that 
defined the common structure of the product family. The prototype implementation of 
the PLM system showed that the architecture could be used as a basis for a PLM system 
implementation. The study was limited to testing the method on an already developed 
product assortment. This meant that the freedom of modelling the product 
architecture was somewhat restricted by the existing physical structure of the products. 

Keywords 

Product architecture, product platform, PLM, PLM system, variant management, 
modularity, product family 
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1 Introduction 

As companies grow, they face increasing demands to become more efficient and more 
competitive. There is a growing customer base that needs to be catered to and a more 
complex organization to manage. As they grow, they also tend to expand into larger 
markets in the modern, globalized world. With these larger markets comes more 
competition as well as a more diverse set of customers. According to Hvam, Mortensen 
and Riis (2008, s. 13), in their book on product customization, modern customers 
demand more customized and personalized products to suit their needs. This is while 
the product development and manufacturing processes are expected to remain as 
efficient. Regulation also plays a role when it comes to participating in markets in 
multiple different countries. All this leads to companies needing to introduce more and 
more variants into their product portfolio to meet customer and legal demands. 

With this comes the problem of a product portfolio that continues to grow larger and 
more complex. This creates a demand to structure the product families in a way that 
makes it easier to get an overview of all available variants and what value their 
existence adds to the company. To handle the information related to this, a company 
also needs a comprehensive product lifecycle management (PLM) strategy. A well-
structured product portfolio also makes it easier to organize computer systems in a way 
that makes the documentation for products and their variants easy to find and access 
within the company. 

1.1 Background 

To approach the topic, an explanation of product lifecycle management (PLM) is 
required. According to Saaksvuori and Immonen (2008, ss. 1-2), PLM evolved from 
the concept of  product data management (PDM) which came about due to the need to 
manage all the information generated from computer aided design (CAD) systems. 
PDM is used to store and manage documentation related to the design of a product, 
such as a bill of materials, drawings and revision history. While PDM focuses on the 
design information of a product, PLM expands to include all phases of a products 
lifecycle. PLM can then be considered a systematic way of working to manage all 
information related to a product in all stages of its lifecycle, from the concept stage to 
the end of life (Saaksvuori & Immonen, 2008, ss. 2-3). PLM systems are the computer 
systems used to support this process and realize the information model developed in 
the PLM strategy. In modern PLM systems this can include things like workflow, 
project management, service documents, etc.  

An important aspect of information handling within PLM is to manage the existence 
of product families and platforms. In his thesis, Harlou (2006, ss. 14, 106) describes 
the development of platforms as a strategy to design subsystems that can be included 
in multiple products with little to no extra work required. The thesis is focused on the 
use of platforms in the development of product families. Harlou describes various 
methods used to support the creation of product platforms and families, but one tool 
was chosen to be the basis of this study, the product family master plan (PFMP). The 
tool is designed to model product families in a way that provides an overview of the 
variance in the families. This can help in identifying or designing platforms in the 
product family. The importance of platforms for large companies is further emphasized 
by Johannesson (2014, s. 119) who describes the ability of product platforms to 
combine economies of scale and customization. Johannesson explains that this can be 
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accomplished by reusing standard parts of a platform to create variants without having 
to produce a completely new product each time. 

The company client of this thesis was Husqvarna Group. Husqvarna Group is a world 
player in and leading producer of outdoor power products. To keep this position, 
Husqvarna Group is continually looking into new ways of becoming more efficient in 
product development activities, manufacturing, supply chain etc. According to 
Husqvarna’s stated strategy (Husqvarna Group Strategy, 2019), the company seeks to 
take a larger share of the market and to continually improve its margins. Part of this 
strategy includes product family and platform management, as well as to grow in 
emerging markets.  

1.2 Purpose and research questions 

The purpose of the study was to investigate how the PFMP method can be used to 
model a product family architecture and how suitable it is to be used as a basis for 
implementation into a PLM system. The PFMP method was be used to model a given 
product family which was also be modelled in a PLM system. The usefulness of the 
study was to provide a structured process for carrying out the product modelling as 
well as evaluating if the resulting model is suitable for implementation into a PLM 
system. The purpose has been broken down into several research questions to guide 
the process of the study. 

• How is the product family currently structured? 
• How is the structure of the product family improved by modelling it using the 

PFMP method? 
• Can the PFMP be a suitable tool to structure a product family for use in a PLM 

system? 

1.3 Delimitations 

To make the study manageable within the timeframe of the project, the study was 
limited to the modelling of one product family. The study was limited to the use of the 
PFMP method when it comes to modelling the product family. The implementation 
into a PLM system was limited to a prototype of the product family management and 
variant management using the given product family. 

1.4 Outline 

The following chapter describes the theoretical background to the study. This is 
provided by referencing and describing scientific literature relevant to the study. The 
theoretical background provides the foundation that’s needed to properly implement 
the method and analyze the findings. After this, the method and implementation 
follow. This chapter provides a more thorough explanation of the chosen method and 
how it was implemented in this study. Then the findings are presented and analyzed. 
The report continues by discussing the findings based on the research questions and 
discussing how well suited the method was for the study. The report then ends by 
presenting the final conclusions of the study.   
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2 Theoretical background 

2.1 Product families and product platforms 

The main topic of the thesis is the modelling of product family architectures. It’s a very 
active area of research and studies are often conducted together with industry 
companies. The definitions of the terms product platform, product family and product 
architecture varies greatly, but Harlou (2006, ss. 14-15) cited three examples in his 
thesis work on the topic. 

Ulrich and Tung (1991) defined a product family as “A product family is a larger set of 
end products constructed from a much smaller set of components”. 

Meyer and Lehnerd (1997) defined a platform as “A platform is a set of common 
components, modules or parts from which a stream of derivative products can be 
efficiently created and launched”. 

Ulrich (1995) defined an architecture as “I define product architecture more precisely 
as: (1) the arrangement of functional elements; (2) the mapping from functional 
elements to physical components; (3) the specifications of the interfaces among 
interacting physical component”. 

Harlou (2006, s. 14) explains that platform development is a way to improve the 
efficiency of product development. This is accomplished by creating subsystems or 
modules that can be used as common component for a wide range of products. This 
way, fewer new components have to be developed each time a new product is made 
since old subsystems can be reused. According to Harlou’s own definition, platforms 
are composed of standard components while the product family consists of the 
standard components and the variants (Harlou, 2006, ss. 84-88). A family platform 
would in this case describe which standard components are included in a product 
family and their interfaces. The whole family would be modelled in a family 
architecture that would include the family platform, the non-standard components and 
their interfaces. 

In a comprehensive literature review on platform development, Simpson (2004, s. 4) 
discussed different approaches to designing product families based on platforms. A 
top-down approach and a bottom-up approach are described. The top-down approach 
means that the company will plan a product family and then develop products to 
populate it. This allows the company to use the platform as a strategic tool to guide the 
development of future products. Bottom-up means that the company will take a range 
of exiting products and retroactively create a product family for them. This can require 
the products to be redesigned to standardize parts used for shared functions. This can 
allow a company to reduce the complexity of their product portfolio, making it easier 
to manage. Standardizing components also reduces the number of unique parts that 
need to be produced. Simpson (2004, ss. 5-7) describes two types of product families 
that can be managed using platforms. These are scale-based product families and 
module-based product families. Scale-based families are based on the idea of having a 
set of variables that are scaled to different levels in different product variants to address 
different parts of a market. As an example of a scale-based product family, Simpson 
refers to Black & Decker developing a family of standardized motors of varying power 
output. The module-based product family will be discussed in more detail in the section 
on product modularity. 
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The implementation of platforms is usually regarded as beneficial to companies. One 
example is a study by Mortensen, Pedersen, Nielsen, Harlou, Bogh, Hogh, and Hvam 
(2008, ss. 254-260) that was carried out in cooperation with the company Grundfors, 
a manufacturer of pumps. The study concluded that by implementing structured 
product platform the company was able to reduce lead time. The project was carried 
out on existing product assortments. The authors noted that there is often unnecessary 
variance in the product range that doesn’t add value to the customer. By implementing 
a defined product platform, these types problems can be reduced. 

2.2 Product Modularity 

According to Ericsson and Erixon (1999, s. 19), product modularity has two defining 
properties. The first is that the physical and the functional structures of a product are 
similar. The second is that the interaction between physical components is minimized. 
Modules are then described as strategic units with specific interfaces that populate a 
modular product platform. In his thesis, Harlou based his definition on the work of 
Ericsson and Erixon and defined the module as follows: “A module is one or more 
design units that are encapsulated into a module and that comply with the module 
drivers” (Harlou, 2006, s. 81). Design unit is a term used to describe one or more 
functions, organs or parts. 

Product modularity is often used in the development of platforms. The concept of a 
modular architecture is described in a study by Bruun, Mortensen, Harlou, Wörösch 
and Proschawsky (2015). Modularity is described as breaking down a system into 
logical units consisting of parts or modules. This allows a product to be designed such 
that the functional and physical structures of a product have a one-to-one or many-to-
one relationship. This relates to the use of platform architectures since modularization 
makes it easier to make standardized components with shared interfaces that can be 
used by many products in a platform. The modules can then be managed using design 
rules and constraints that determine how they can be used in the platform. By 
modularizing, product features can be grouped together in which affects the options 
for configuration and production. The study included the use of PLM systems to 
support modular product development. This was done by breaking a product down into 
systems which could then be grouped into modules and connected through interfaces. 
By using the model in a PLM system which would support its use in modular product 
development. 

The use of modules is also not limited to physical components. In a 2016 study by Li, 
Ji, Luo and Mi, modularization is discussed both in terms of physical components and 
services (Li, Ji, Luo, & Mi, 2016). By using generalized modules for both physical 
components and services, they can be modeled in the same product architecture. This 
way, the product architecture could include the relationships between services and 
products.  

One important aspect of modularization are the driving factors that inform why certain 
components should be contained within a module. Ericsson and Erixon has defined a 
series of widely used module drivers in their 1999 book on modularization (Ericsson & 
Erixon, 1999). In total, the authors describe 12 module drivers that are relevant to 
different stages of the product lifecycle. 
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Carryover 

The carryover driver refers to modules consisting of parts or subassemblies that are 
unlikely to change over the course of the product’s lifetime (Ericsson & Erixon, 1999, 
ss. 20-21). This means that by collecting the parts in a module, the same module can 
be reused for products in future generations. 

Technology evolution 

The technical evolution driver refers to modules consisting of parts or subassemblies 
that will change over time to address changing customer demands or developing 
technology (Ericsson & Erixon, 1999, s. 21). By isolating these parts into a module, they 
can be upgraded without having to redesign large systems in the product. 

Planned product changes 

The planned product changes driver refers to modules consisting of parts or 
subassemblies that the company is planning to be changed (Ericsson & Erixon, 1999, 
s. 22). This could refer to parts that will be changed to create a new product variant for 
a family. This type of modularization is a way to connect the design to the overall 
strategy of the product family. 

Different specification 

The different specification driver refers to modules consisting of parts or 
subassemblies that contain variance (Ericsson & Erixon, 1999, s. 22). It is also useful 
to isolate variance holding parts so that they can be assembled as late as possible in the 
production process. This allows the company to maintain the same production process 
for as long as possible and only add the specific processes at the end. 

Styling 

The styling driver refers to modules consisting of parts or subassemblies that are 
important for the visual design of the product (Ericsson & Erixon, 1999, ss. 22-24). 
One important aspect of styling is to express brand identity. 

Common unit 

The common unit driver refers to modules consisting of parts or subassemblies that 
are shared between all products in a family (Ericsson & Erixon, 1999, s. 24). This driver 
has similarities to the carryover driver, and the authors recommend attempting to 
combine them when developing products. The main difference is that the common unit 
needs to be shared between different product variants, while the carryover modules 
need to carry over to later generations of products. Combining them would mean that 
a module could be used for all models in a product family, across many or all 
generations of the family which would save much time and money in development. 

Process and/or organization 

The process and/or organization driver refers to modules consisting of parts or 
subassemblies that share the same production processes (Ericsson & Erixon, 1999, s. 
24). The authors provide an example of a company grouping all parts that needed to 
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be welded into a module. The benefit of this was that the company could then automate 
the welding of the module. 

Separate testing 

The separate testing driver refers to modules consisting of parts or subassemblies 
where separate testing is suitable (Ericsson & Erixon, 1999, ss. 24-25). This means that 
the functionality of each module can be tested and confirmed in a simpler way than 
testing the entire product at once. 

Supplier available 

The supplier available driver refers to modules consisting of parts or subassemblies 
that can be purchased as a black-box component (Ericsson & Erixon, 1999, s. 25). This 
means that the supplier would have total responsibility for the module. Important 
factors in deciding whether to make or buy a module includes strategy, available 
competence and resources and existing vendor availability of the module. 

Service and maintenance 

The service and maintenance driver refers to modules consisting of parts or 
subassemblies that are especially in need of maintenance during the products life-cycle 
(Ericsson & Erixon, 1999, ss. 25-26). By grouping parts that need replacement or 
service into modules, they can more easily be removed and serviced without having to 
disassemble major parts of the product. 

Upgrading 

The upgrading driver refers to modules consisting of parts or subassemblies that 
should allow the customers to change an aspect of a product after purchase (Ericsson 
& Erixon, 1999, s. 26). One important difference between the upgrading driver and the 
planned product changes driver or the technology evolution driver is that the other 
drivers refer to internal product development in the company. This is in contrast to the 
upgrading driver which allows the customer to make changes, as the exampled 
mentioned by the authors of upgrading a computer with new components. 

Recycling 

The recycling driver refers to modules consisting of parts or subassemblies that contain 
materials with similar recycling procedures (Ericsson & Erixon, 1999, s. 26). This 
would make it easier to recycle or properly dispose of the various parts of the product. 

As can be understood from the module drivers, modularization isn’t just about creating 
technological units to be used in a product design. Modules can also be used to achieve 
goals related to the broader strategy of a company at several stages of a product’s 
lifecycle.  

2.3 Product family master plan 

The PFMP is the tool that was used to model the product family in this study. The tool 
and its implementation is discussed in detail in Harlou’s thesis (2006, ss. 106-107). 
The PFMP is a visual tool used to create an overview of a product family and the 
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variance contained within. The PFMP is generally modelled from three different 
perspectives. The customer view models what is of value to the customers. The 
engineering view models based on the functions of the product family. The part view 
models based on physical components. These views can then be connected using causal 
links to show how features are realized and what value is added by variance.  

In a conference paper by Haug, Hvam and Mortensen (2010), the method was 
implemented in several case studies involving three different companies. From these 
studies, it was concluded that the method was a useful tool to communicate the 
structure of a product assortment. In this case, the studies were focused on the 
development of configuration systems, but the usefulness of the PFMP method to 
model product structures was one of the findings of the studies. An important aspect 
of creating a PFMP is the involvement of “domain experts”, which according to Hvam 
et al. is an employee who is knowledgeable of the relevant family and its life-cycle 
(Hvam, Mortensen, & Riis, 2008). Harlou (2006, ss. 107-109) mentions two theories 
that are important during the application of the PFMP, system modelling and the 
object-oriented paradigm for software implementation.  

System modelling 

Hvam et al. (2008, ss. 147-149) writes that system modelling is an approach to model 
products or product families as elements connected by relations, with clear borders to 
the environment. Across these borders, inputs and outputs can be transferred. Where 
these borders are drawn determines what is included in the product model and what is 
considered part of the environment. The two aspects of a product that are modelled are 
the functions and the structure of the product. The functions are dependent on the 
structure. 

Object oriented paradigm 

According to Harlou (2006, ss. 108-109), the object-oriented paradigm is an approach 
used to develop software. It is based on making classes that work as re-usable modules. 
This can be used to effectively model product families in software. The paradigm uses 
a few central concepts. Objects are the basic type of items that contains information 
about their attributes and functions. Classes provide a common structure and 
functions to sets of objects. Attributes are any descriptive property that can be applied 
to an item. Instance is a specific instance of an object with defined attributes and 
functions. Harlou describes three types of relations from the literature. Generalization-
specialization connections allows objects to inherit characteristics from each other, 
where the generalization gives the structure to the specialization. This is similar to the 
way the PFMP models variants based on a generic structure. Whole-part connections 
shows that one object consists of “part” objects. The instance connection connects 
objects that need each other to solve their responsibilities.  
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PFMP modelling 

In Figure 1 the difference between the basic PFMP structures is shown. The part-of 
structure is used to show how the product is built and contains the modules and parts 
that are common to the whole product family. The kind-of structure is used to show 
variance by describing which variants are available of a given module or part from the 
part-of structure. As such, these structures work together to provide an explanation of 
both the structure and the variance of the product family.  

Each node in the PFMP can be seen as a class, and those classes can include attributes 
and constraints (Harlou, 2006, ss. 111-114). The attributes are descriptive parameters 
that could for example be the color of a class, which several different options being 
offered. The constraints can describe which variants can be combined with each other 
to limit the number of offered variants to a customer. The PFMP is often modelled 
using three views, the customer view, the engineering view and the part view (Hvam, 
Mortensen, & Riis, 2008, s. 61). The customer view is meant to model the product 
family based on what is interesting or important to a customer (Harlou, 2006, s. 106). 
The customer view should then describe the variance in the product family from a 
market perspective. This also means that the customer view doesn’t need to include 
variance that is only relevant to the internal workings of a company.  

Figure 1: Illustration of basic PFMP structures based on  
illustrations by Hvam et al. (Hvam, Mortensen, & Riis, 2008, s. 
60) 
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According to Harlou (2006, ss. 114-117), the customer view can be modelled using three 
methods, interface modelling, feature modelling and technical process modelling. One 
or multiple methods can be used. Interface modelling is based on the interfaces 
between the systems of the product and its environment. As a part of the customer 
view, the focus is on interfaces that are relevant to a customer. An example could be 
the type of plug used to supply power to a product. Another example could be types of 
wireless connections that are available in different product variants such as Bluetooth 
or Wi-fi capability.  Feature modelling is focused on modelling the features that define 
a specific product from the customer’s point of view. Here it’s especially important to 
include features where the customer can select from options, either by picking between 
variants or by configuring their own custom product. A simple example would be a car 
where the customer has the basic car model and can select between different options 
to add or modify features. This can include color, rims, seat dressing etc. Finally, 
technical process modelling focuses on the customer applications for the product. The 
modelling works by breaking down processes into a technical system, an 
environmental system, a human system and operands. One can choose to either model 
all systems in each process or just include the systems that provide variance. Figure 2 
shows an example of a customer view with the three different modelling approaches. 

The engineering view is meant to model the product family based its functions and the 
variance among them. The parts that are modelled in the engineering view are so called 
organs, which are the parts or modules that realize a function in the product. They can 
be placed in the part-of structure if they are common for all variants, or they can be 
placed in the kind-of structure if there is variance among them. An important function 
of the engineering view is to provide an overview of the variance which can otherwise 
be difficult with a large assortment of physical parts. An example of an engineering 
view can be seen in Figure 3. (Harlou, 2006, ss. 106, 117) 

 

Figure 2: Example of customer view modelled on a family of pumps (Harlou, 
2006, s. 116). 
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The part view models the physical structure of the family. This makes it similar to a bill 
of materials (BOM), except it models all the variance among the parts as well. This view 
can include assemblies to help illustrate how the product is constructed and to help 
relate the part view to the engineering functions and customer features. The part view 
needs to keep track of all the components that must be produced, purchased and 
stored. An example of a customer view is shown in Figure 4 (Harlou, 2006, ss. 106, 
118). This view is sometimes referred to as a production view (Hvam, Mortensen, & 
Riis, 2008). 

 

Figure 4: Example of part view modelled on a family of pumps (Harlou, 2006, 
s. 118). 

Figure 3: Example of engineering view modelled on a family of pumps (Harlou, 
2006, s. 117). 
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After modelling the three views, they can be linked to explain how features are realized 
and how the variance in the product family adds value (Figure 5). The views are 
organized so that the customer view comes first, engineering view second and part view 
last. Then, in the part-of structure, links are drawn from the top down. This means that 
the PFMP can show how features in the customer view are realized in the engineering 
and part views, and how functions in the engineering view are realized in the customer 
view. In the kind-of structure, the links are drawn the other way, from the bottom to 
the top. This way, one can trace the variance in the physical components to the 
customer feature variance and the engineering function variance. The engineering 
function variance can also be linked to the customer feature variance. This way, one 
can use the PFMP to make sure that the variance in the physical components justifies 
its existence by enabling valuable variance in the customer view or the engineering 
view. (Harlou, 2006, ss. 118-119) 

2.4 Validity and reliability 

The terms validity and reliability are described in a book by Davidson and Patel (2011, 
s. 102). Conducting a study of high validity means that the study that’s investigating a 
given problem is applying methods that actually provide relevant data to the problem. 
Reliability refers to the trustworthiness of the results. The terms are linked since 
having high reliability is a pre-requisite to having high validity. Having high reliability, 
however, doesn’t guarantee high validity. 

An example of low validity could be to measure the temperature of a cup of coffee by 
measuring how long people will wait to start drinking it. A study with high validity 
would instead simply measure the temperature with a thermometer. A simple example 
of low reliability could be to use measurements collected by a tool that provides uneven 
data for the same measurement. High reliability would then be using a tool that can be 
trusted to provide consistently accurate measurements.  

Figure 5: The coherence between the different views of the PFMP as illustrated 
by Harlou. (2006, s. 119) 
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3 Method 

3.1 Design research methodology 

The research method of the study is based on Design Research Methodology (DRM) as 
described by Blessing and Chakrabarti (2009, ss. 1-6) in their book on the topic. 
According to the authors, design research generally lacks in three areas, a lack of 
overview of existing research, a lack of use of results in practice and a lack of scientific 
rigor. The primary focus of the DRM method was to address the third point, a lack of 
scientific rigor in design research. To meet this issue the method was designed to work 
as a framework to give researchers a structure to follow and advice on which methods 
to apply in its different phases (Blessing & Chakrabarti, 2009, s. 12). The method has 
been used in studies on platform-based product development, as described in a journal 
article by André, Elgh, Johansson, and Stolt (2017). According to the authors, the DRM 
process was used as the main framework of the study, which concerned the modelling 
of platforms for engineer to order companies. The study completed each phase of the 
DRM method once and looped back through the two final phases. 

As mentioned, the DRM is divided into several phases, or stages. These include 
Research Clarification (RC), Descriptive study I (DS-I), Prescriptive Study (PS) and 
Descriptive Study II (DS-II). These stages generally involve different means of study, 
which provide different outcomes as shown in Figure 6 below. The DRM process is also 
not limited to simply going through each stage once in a row. The process can also 
include looping back to earlier stages. (Blessing & Chakrabarti, 2009, s. 15) 

 

Since the DRM is a framework, the specific content of the different stages differs 
between studies. Different stages can also be conducted at different levels of depth. 
Blessing and Chakrabarti (2009, s. 18) describes three different approaches that can 
be applied to the different stages of the method.  

Basic means Stages Main outcomes

Literature

Analysis
Research Clarification Goals

Empirical data

Analysis
Descriptive Study I Understanding

Assumption

Experience

Synthesis

Prescriptive Study Support

Empirical data

Analysis
Descriptive Study II Evaluation

Figure 6: The mains stages of the DRM, including the general means and 
outcomes of each stage, as described by Blessing and Chakrabarti. (2009, 
s. 15) 
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The review-based study is the most basic approach mentioned. The review-based 
study is mainly concerned with reviewing literature and existing material, importantly, 
it doesn’t involve the researcher producing any new results of their own. (Blessing & 
Chakrabarti, 2009, s. 18) 

The second approach is the comprehensive study, which also includes studying the 
literature, but also requires the researcher to produce new results through some form 
of empirical study, it can also include developing and/or evaluating support. (Blessing 
& Chakrabarti, 2009, s. 18) 

The term support is widely used in the literature and Blessing and Chakrabarti (2009, 
s. 4) defines the term as “The term support is used to cover the possible means, aids 
and measures that can be used to improve design”. As such, it is a very widely 
applicable term to any kind of tool or method used in a project to aid in the design 
process.  

The third approach is the initial study which is generally used to close a project and is 
mainly concerned with evaluating the results of previous stages and preparing the 
results to be used by others. (Blessing & Chakrabarti, 2009, s. 18) 

Based on these approaches, Blessing and Chakrabarti (2009, ss. 18-19) defined 7 types 
of DRM projects, which follow the structure presented in Table 1. The author note that 
types 1-4 are generally suitable to be followed in a PhD thesis since they are primarily 
focused on one stage. The most comprehensive type, type 7 is generally undertaken by 
a research group since it requires a very in-depth process for three full stages.   

 

Because this study concerns a Master thesis which is considerably smaller than a PhD 
thesis, the DRM framework was mainly used as an inspiration for the structure of the 
project. This means that the different stages of the DRM weren’t explored with the 
same depth as specified in the literature, but the framework was used to provide a 
structured way of working to make the study easier to evaluate, and the methods more 
repeatable. 

Research Clarification Descriptive Study I Prescriptive Study Descriptive Study II

1. Review-based Comprehensive

2. Review-based Comprehensive Initial

3. Review-based Review-based Comprehensive Initial

4. Review-based Review-based
Review-based 

Initial/Comprehensive
Comprehensive

5. Review-based Comprehensive Comprehensive Initial

6. Review-based Review-based Comprehensive Comprehensive

7. Review-based Comprehensive Comprehensive Comprehensive

Table 1: The different types of DRM projects as defined by Blessing and 
Chakrabarti. (2009, s. 18) 
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The study used the type 3 DRM study as an inspiration, since the main focus of the 
project was to develop a support in the form of a product family architecture. Since the 
project was conducted for a client, some part of the RC and DS-I stages were completed 
before the project since some of the goals and part of the scope were established from 
the beginning. 

Research Clarification – Review-based study 

The first stage of the project involved a review of the literature on the topic of product 
families and the various methods used to model them. The stage also included the 
initial formulation of the research purpose and research questions. It also involved 
clarifying the goals established by the client company. An initial delimitation was done 
to make sure that the scope was reasonable compared to the timeframe of the project. 

Descriptive Study I – Review-based study 

The second stage of the project involved further developing the work that was done in 
the first stage. This included more analysis of the literature found in the first stage and 
continued searching for literature where there were still gaps in then knowledge 
needed to develop a support in the next stage. In order to gather existing knowledge of 
the product family that the project was focused on, company documentation was 
needed to understand the product family that was modelled. This included design 
documents, an initial look into the current PDM system as well as marketing material 
to determine what features of the product family differentiate the variants. 

Prescriptive Study – Comprehensive Study 

The prescriptive study was the main focus of this project and was mainly concerned 
with the development of a design support. In this case the support was the product 
family architecture which was developed for the chosen product family. More detailed 
information of the product family was required to model the PFMP. As in the previous 
step, this information was found in computer systems and company documentation. 
The information sources varied between views since they focused on different areas of 
interest. There was a need to directly speak to knowledgeable employees to acquire the 
information that wasn’t formally documented but known only in the minds of the 
employees. The PFMP required feedback from domain experts to make sure that the 
final version properly described the product family. Once the product family had been 
modelled using the PFMP method, the product model was implemented into a PLM 
system. This required an object-oriented approach to provide the structures to build a 
model in the system. The PLM implementation also required an understanding of how 
products are structured at the company. 

Descriptive Study II – Initial study 

The final stage of the project mainly consisted of reflecting on the past stages and 
discussing the results in terms of what challenges were encountered and how useful 
the final results were. The final results were also presented at a number of occasions to 
different people in the company. This provided feedback from experts of different 
fields with different viewpoints which supported the evaluation of the results. The 
evaluation also involved determining whether or not the research purpose had been 
fulfilled and the research questions answered.  
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The main reason why the DRM method was chosen was that one of the purposes of the 
study was to investigate if the PFMP method was a suitable tool to model product 
families by testing it on one given product family. If the method proves to be a suitable 
tool for this, the work in the study needs to be repeatable. To be repeatable it needs to 
be structured, which is provided by the DRM framework. The DRM-based plan of the 
project is shown below in Figure 7. In the next section, the specific methodology for 
modelling the PFMP and the PLM implementation are discussed in more detail. 

 

Figure 7: The different activities of the study, divided in the phases of the 
DRM approach. 
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3.2 PFMP implementation 

The modelling of the PFMP was done in Excel as the example shown in Figure 8. This 
mean that each datapoint had to be entered manually. The structure was visualized 
slightly differently than the examples shown from the literature. In the literature, the 
part-of structure is its own tree to the left of the document, and the kind-of structure 
is a separate structure to the right of the document. One addition to the PFMP in this 
study was the inclusion of the product variants belonging to the product family. This 
was done to improve the ability of the PFMP to provide an overview of the variance in 
the family. The purpose of including the products was that one could immediately see 
which features and components make up each model that is being marketed towards 
customers. In order to build the PFMP in a way conducive to the inclusion of products, 
the part-of and kind-of structures had to be visualized in a different manner. This led 
to the two structures being combined into the same tree, where the variant components 
belonging to a generic component were modelled directly under it. The products were 
included as the top row in a table added next to the structure tree. This table will be 
referred to as the “variant matrix” from this point onwards. The items of the tree could 
then be crossed of in the columns of the products that included the item. This was only 
done to the variant components since they were the only ones to differ between models. 
To differentiate the part-of and kind-of structures that were now modelled together, 
the nodes were colored differently. Generic items were colored blue and variant were 
colored green. In cases where there were variant components, the variants would be 
the real components and the generic node would only be a container. But in cases 
where there was a common component for all products in the product family, the 
generic node represented the real component. 

The development of the PFMP was mostly independent with the help of company 
documentation. The study did include meetings with knowledgeable members of the 
robotic lawn mower department. These members would be the domain experts of the 
modelling part of the project. The meetings were used to establish the scope of the 
project, where to find information and provide feedback at different stages of the 
project. As the overall structure of the PFMP became more finished, it was printed on 
several A0 posters to be used as a visual aid in meetings. The domain experts were also 
consulted outside of the scheduled meetings when questions arose. Generally, this 
meant spontaneous meetings or contact through e-mail for simpler questions. In some 
cases, the domain experts weren’t able to answer the questions and instead referred it 
to another expert. The gathering of data for the PFMP was thus made in different steps 
where the first attempt was to attempt to find documentation independently. If it 
couldn’t be found, then domain experts or other knowledgeable people were 
questioned. The general information searching process is could then be described as: 

1. Searching computer systems and web pages for company documentation. 
2. Consulting domain experts for advice or documentation. 
3. Consulting knowledgeable persons referred to by domain experts. 

Before the actual data collecting and modelling of the PFMP could be done, the current 
product structure had to be understood. The most important aspect of this process was 
to understand how product families and variance were handled in the current system. 
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Figure 8: Example of PFMP structure created in Excel. Part-of and kind-of 
structures were combined in a single tree structure to the left. A variant matrix 
was included to the right to show which components were used in which 
product model. 



Method 

20 
 

3.3 PLM system implementation 

The chosen PLM system was Aras innovator. The program was chosen due to it being 
a modern PLM system with several suitable features. The program includes the basic 
features of a PLM system such as handling documents, CAD files, parts, assemblies etc. 
The program also includes tools for configuration which was relevant since the study 
is focused on managing variance. The program’s basic features could also be installed 
at no cost which made it simple to acquire. The implementation of the model was 
conducted in several steps. The initial step was to evaluate what functions were 
available in the as-installed version of the system. This was done through the 
documentation created by the system provider which consisted of written 
documentations and video demos. In addition to the basic version of Aras, the variant 
manager sample application was also installed to make use of the configuration tools 
in the application. 

The PLM system implementation was based on the PFMP method used to model the 
product family that was implemented. As such, the PLM implementation followed the 
main purposes of the PFMP method. The PFMP method is designed to provide a 
generic structure of the product family as well as an overview of the variance contained 
in the family. The resulting model should be used to identify unnecessary variants and 
to inform the development of new variants. It can also provide a tool of communication 
between the different departments involved in a product development project. While 
the PLM implementation may not match the visualization of the PFMP poster exactly, 
it should address the same problems as the PFMP. The PLM implementation needed 
to consider the way Husqvarna classifies and structures products. To this end, the 
Husqvarna product definition standard (PDS) was used to understand the terminology 
and structuring of Husqvarna products. Several important concepts were identified in 
this process, and they were used together with the PFMP to guide the implementation 
of the PLM system. 
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4 Findings and analysis 

The family investigated in the study contains a range of robotic lawn mowers that are 
targeted towards a consumer market. The mowers have similar performance but are 
designed to provide different functions. The mowers vary in areas such as maximum 
area capacity, maximum slope incline, cutting height and smart features like being able 
to connect with a smartphone app. The product family contains mowers from several 
different brands that are part of Husqvarna group.  

In this study the terms family and platform has been so far been used based on 
interpretations of the work by Harlou. In his work, platforms consisted of standard 
components and the family is a wider concept that doesn’t just include the standard 
components. At Husqvarna, the terms product platform and product model family 
mean different things than Harlou’s definitions. What is considered a product family 
by Harlou is what Husqvarna defines as a “product platform”. And the term “product 
model family” generally encompasses a wider group of products within Husqvarna. 
The terminology used by Husqvarna will be explained in the following section, and the 
findings will be presented using that terminology. This was done to use consistent 
terms during comparisons between the current product structures and the ones 
proposed in the study. 

4.1 Product definitions 

The Husqvarna PDS was used as a basis to understand the terms used to describe 
products within the company. The study didn’t include all of the descriptions from the 
PDS, but only the ones relevant to the problem of the study. A simple mapping of the 
terms is shown below in Figure 9. An important thing to note is that not all product 
models must be part of a platform. 

Figure 9: Mapping of included terms from Husqvarna’s PDS. 
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Product model 

The product model is a core concept of the PDS. A model is what is marketed towards 
customers and is the term used to identify products in product development projects 
and planning documents. Product models can exist in different configurations which 
can be called product model variants. The difference between a product model and a 
product model variant is the level of variance. In Figure 10, two separate product 
models for chainsaws are shown which vary significantly in composition. Two product 
model variants from the example could be one of the models with two different sets of 
bars and chains. The core product would be the same with minor differences. 

Product model group and product model family  

Product models can be grouped together in product model families which can in turn 
be grouped into product model groups. Product model groups can also contain other 
product model groups, allowing more levels in the product groupings. Only the product 
model families can contain product models. 

Actual product 

The actual product is a specific configuration of a product model, containing all the 
parts required to make the product functional. It can for example be a complete 
chainsaw but wouldn’t include other things included in a sold product such as an 
operator’s manual. This means that the components contained in an actual product 
can change depending on what the product is. In the case of a robotic mower, the actual 
product would also include the charging station, despite it being a separate component 
since it’s necessary for the product to function. 

Packaged product 

The packaged product is the specific product that is delivered to a customer, including 
the product, the box, operators’ manuals and any other packaged contents. The specific 
configuration of a packaged product will depend both on the product model 
configuration but also on the market. This type of configuration can be called a market 
variant. 

 

Figure 10: Two product models. To the left ”HUSQVARNA 560 XP® G” 
(HUSQVARNA 560 XP® G, 2019), to the right ”HUSQVARNA 135” 
(HUSQVARNA 135, 2019). 
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Finished Product 

The finished product is the thing that is ordered by the customer. The finished product 
is then delivered in the form of a specific configuration of packaged product, which can 
be called a market variant. 

Product platform  

The product platform serves as a framework containing multiple product models. It is 
an architecture that contains the common modules and interfaces of multiple product 
models which share the same general structure. Not all product models are part of a 
platform, but for the ones that are it can be said that the product model is a 
configuration of the platform and the actual product is a configuration of a product 
model. This can be compared to how product families were defined in the theory and 
isn’t limited to standard components as the theory examples of platforms. 

Part 

The part is the term used for the objects that actual products are composed of. As such, 
the term part encompasses many types of objects that a product can consist of. A part 
can be an individual, physical component like a screw. Assemblies are also classified as 
parts since parts can contain other parts as an assembly can contain sub-assemblies 
and individual components. Software objects are also considered a type of part. The 
part is also generally where documents and CAD files are attached. 

4.2 Current structuring of product family 

The first research question was concerned with the current structuring of the product 
family, which will now be referred to as a product platform in accordance with the 
Husqvarna terminology. The product platform is currently structured in the PDM 
system used by Husqvarna. Some information is also kept in other systems such as a 
master data system, but the engineers mainly interact with the platform through the 
PDM system. To start with, a short explanation of the different object classes is 
necessary to understand how products are structured in the PDM system. 

Projects 

On the initial level of the system, the PDM system uses a class of objects called 
“projects”. The projects can be used to contain other projects as well as “platform” 
items. The projects also contain links to documents, files and articles contained in the 
project. 

Platforms 

In the projects that contain products, they are divided into platforms. The platform is 
a different class of objects that mainly serve as a link to a number of product models. 
The platform objects don’t contain any documents, files or attributes themselves. 
Instead, they contain links to “variant containers” which are a separate class of objects 
that contain the actual products. 
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Articles 

Articles are the class of objects used as the basic building blocks for the products in the 
PDM system. Each article has a unique article number which is used to identify it 
within the system. Articles are used to represent a variety of real-world items, such as 
individual components, assemblies and software. The articles can contain links to files 
such as CAD models, CAD drawings, text documents etc. Articles have structures that 
define what other articles are contained in them, and where the current article is used 
in other structures. The structure defining what the article is composed of can be used 
to view or export a BOM for the article as well. Articles also includes a structure 
describing where the article is used. 

Variant container 

The variant container objects are similar to the platform object in that they don’t 
contain much information themselves and are primarily used as links to other objects. 
The variant containers can be used to group different articles together which is used to 
show the variance in a product model. The structure of a given product platform can 
be illustrated by Figure 11. The tree structure represents a browsable structure where 
nodes can be expanded or collapsed. In the example, the objects labeled “VC” would 
represent the variant containers which can be opened in their own window to see the 
contained variant structures side by side. Each variant would have its own tree 
including all articles contained in it. As mentioned, the variant containers can be used 
to contain models in a platform or systems and modules in a product structure. 

In summary, the different objects are used to structure products in the PDM system. 
Projects are used to organize the data in the system. They do this by building 
hierarchies of projects which become more specific for each level of the hierarchy. The 
project hierarchy is presented as a tree structure consisting of expandable and 
collapsible nodes. Some projects contain platforms which link the projects to specific 
product data. The platforms contain little data on their own, but they have a variants 

Figure 11: Figure illustrating how the different objects are structured in the 
PDM system. The tree views contain expandable and collapsible (+/-) nodes 
which provide the hierarchical structure of the objects.  
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tab that links users to variant containers. The variant containers contain articles that 
have been grouped together and defined as variants of each other, for example two 
mower models in the same platform. Articles themselves also have variants tabs and 
can link to variant containers similar to the platforms. This means that the user can 
open variant container views in different levels of the product structure, depending on 
how the engineers have defined the containers. From the variant container, each 
variant structure is contained as a completely separate tree. 

As previously mentioned, Husqvarna defines its products using a set of terms defined 
by their PDS. One aspect of evaluating the current structure is how these terms relate 
to the implementation in the PDM system. 

Product model 

The product model is implemented in a limited manner in the PDM system. The term 
product model isn’t used explicitly but there are specific variant containers that fill a 
similar role as the product model term. This would specifically refer to the variant 
containers linked to from the platform objects and not variant containers linked to 
from articles. The product model variant containers mainly serve as links to a set of 
other objects linked to the container. The container itself doesn’t provide any 
attributes, attached documentation or files, this must be found in the articles found 
under the variant container. The articles grouped into a product model variant 
container would represent the different configurations of the model, excluding market 
variants which aren’t modeled separately in the PDM system. 

Product model group & product model family 

The terms product model group and product model family aren’t used explicitly in the 
PDM system but can be related to some of the projects. Similar to the product model 
groups, projects can contain other projects and build a hierarchy of increasingly 
specific projects. This is also how the product model groups are used, with the product 
model family serving as the final group that contains actual product models. As 
mentioned, some of the projects in the PDM system have names that relate to product 
families and groups, so the terms can be applied to the structures in the PDM system. 

Actual product 

The actual product can be found in the PDM structure but isn’t strictly defined with a 
specific classification. Instead, the actual product would be one or several articles 
containing the relevant components of a product. 

Packaged product 

The packaged product is implemented to a similar extent as the actual product. There 
isn’t any specific packaged product classification in the PDM system, but there are 
article structures that represent what the packaged product term refers to. 

Finished product 

The finished product isn’t implemented in the PDM system. Instead definition exist for 
it in the master data system where the products marketed to customers are handled. It 
can then be related to specific structures in the PDM system. 
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Product platform 

The product platform is implemented as its own class in the PDM system, and it 
contains links to the product models that are a part of it. 

Part 

The parts are embodied by articles in the PDM system. They handle the same types of 
items as the part PDS term does, individual components, assemblies, systems and 
software. The articles, like the parts are used as the basic building blocks of the product 
structures in the PDM system. 

Variance management 

The variant containers can be used to show different types of variance, but the system 
doesn’t have different types of variant containers to specify what they are used for. 
Instead the same class is used to create containers for product model variants, as well 
as variant containers for individual modules or systems. 

The benefit of the variant containers is that by grouping articles together, engineers 
can define which modules or components fill the same role in a platform. If combined 
with standardized interfaces, they can be used to support modular product 
development. 

A downside is that only one variant container can be viewed at a time, limiting the 
possibility of getting an overview of an entire platform. Viewing a variant container will 
list the contained variants as complete tree structures next to each other. In the case of 
large assemblies, this makes it difficult to see where the variance actually lies, since it 
can be in a few components in a tree of dozens. It’s here where a generic structure 
would be helpful, to show the common structure of the product platform, and where 
the variance is actually located. 

Navigating a product platform to understand the variance relies on the variant 
containers and the linked structures “composed of” and “where used”. The composed 
of structure doesn’t provide any information regarding variance, it’s primarily used as 
the basis of BOMs. The where used structure is used to show which articles include the 
queried article in their composed of structure. This provides some information about 
the variance, but the where used structure can be very large. This can make it less useful 
for viewing variance. The where used structure also includes use cases outside of the 
current platform, further complicating its use to view variance. 

4.3 Product structure using PFMP 

The second research question regarded the implementation of the PFMP method. The 
results of the PFMP modelling was the three structures mentioned in the theory and 
method, the part view, the engineering view and the customer view. Each view was 
built using a tree structure containing the generic components common for the whole 
platform. Where there were variants, the generic components contained variant 
components which were mapped against the variant matrix. 

The first step in modelling the PFMP was to understand the composition of the 
products in the studied platform. The platform consisted of five product models, most 
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of which had several product model variants. The models will be described with a letter 
and the specific variant will be described with a number. For example, a particular 
mower may be referred to as “Model B-3” to specify the third configuration of model 
B. One of the models was in development, so some information wasn’t available for 
that model, especially information regarding customer view features. The mowers were 
designed in several systems, the lower chassis system, the upper chassis system, the 
body system, the drive wheel system and the support wheel system. These systems 
were used as the basis for the PFMP structure in the part view and engineering view. 
Each mower also came with a charging station and some separate components like the 
boundary wire used to section off the cutting area.  

The first aspect of the PFMP to be modelled was the part view. The part view was 
chosen as a starting point to build up knowledge of the product. The part view was also 
considered the simplest view to model for an established product since all its 
components were already defined in the PDM system. Since the engineering view was 
connected to the part view, it was next, and the customer view was modelled last. As 
the study went on, the modelling of the views became more parallel when things were 
added to or altered in the different views. 

Part view 

Initially, the part view was created based on the structures found in the PDM system. 
The modelling of the part view was the most straight-forward part of the project. It was 
done by browsing the structure of each variant in the platform in order to create a 
common generic structure for the platform. The part view contained each individual 
component that was included in the PDM system. In order to keep it readable, the 
assemblies were made collapsible in the Excel sheet. This way, all components could 
be included, but less important assemblies could be hidden when printing the poster. 
Since the part view was modelled to show the variance on the component level, 
assemblies were only modelled as generic items. The part view was reorganized at a 
later stage of the study. This was done in order to make the part view use the same 
component groupings and modules as the engineering view, to make the platform 
model more consistent and easier to understand. All components were still included, 
but they were grouped into slightly different modules and assemblies. Due to 
confidentiality, the PFMP can’t be shown in its entirety. A censored section of the part 
view can be seen in Figure 12, part-of and kind-of structures are combined in the left-
hand side and the variant matrix is shown to the right. 

While determining the total scope of the PFMP, the specific scope of each view also had 
to be specified. For the part view, this meant which parts would be included. The 
product didn’t only consist of the mower itself, it also included a charging station and 
various package contents. There was variance in some of the charging station 
components, so it was included in both the engineering view and the part view. The 
part view showed the charging station down to a component level along with the 
variance included with them. In the engineering view, the charging station as included 
to represent the charging function. The package contents were included since it 
included certain variance creating parts and included a few components necessary to 
the function of the mower. 
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Figure 12: Censored section of the part view in the finished PFMP. 
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During the implementation of the part view, certain challenges were encountered that 
weren’t specifically addressed by the studied literature. 

In some cases, a component was shared across all product models of the platform but 
varied in quantity. This wasn’t encountered in the theory and needed a custom 
solution. The solution in this case was to model it as a generic component with several 
variants representing the differing quantities. An alternative solution that was 
considered was to simple show a range of quantitates in the generic item and specify 
the quantity for each model in the variant matrix. The first option was chosen since it 
more clearly demonstrated that there were different configurations available for the 
component in question. Using variants was also more consistent with the general 
structuring of the PFMP since the blue generic nodes weren’t normally crossed off in 
the variant matrix. The main benefit of the second option would’ve been to provide a 
more compact structure. The options are illustrated visually in the left-hand side of 
Figure 13. 

A different problem with a similar solution was the cases where a component that 
existed in some models had no equivalent in others. This caused a problem since the 
generic structure should be the same for all models in the platform. This was solved by 
adding a generic component that included variants representing the optional 
components. Then, the models which didn’t contain any of them simply didn’t cross 
off any of the options in the variant matrix. An alternative solution that was considered 
was to show the optional components as variant components without a generic 
component to contain them. This wasn’t done because there was a risk that it would 
confuse readers of the PFMP. It was considered confusing since variants don’t always 
have similar names, so if they aren’t grouped under a generic component, the reader 
may not realize they hold the same position in the generic structure. The options are 
shown in the right-hand side of Figure 13. 

 

Figure 13: a) Illustrating problem of handling a common component with 
varying quantities. b) Illustrating problem of handling a component that’s only 
part of some models. 
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 In some cases, two components filled the exact same purpose. These were called 
alternative components, and the only difference between them were the sourcing. 
Some were manufactured by the company and some were bought. Since these 
alternative components weren’t true variants, only one in each case was included in the 
PFMP. If possible, the one manufactured inhouse was chosen over those bought by 
suppliers. 

A problem that arose was how to deal with variance on an assembly level. In most cases, 
the variance in the part view was broken down to the level of individual components. 
This meant that assemblies and sub-assemblies were only shown as part of the generic 
structure. But in some cases, the meaningful variance was specifically on the level of 
an assembly. An example was an assembly that was identical in every case where it was 
used. But it wasn’t used at all in some models. This was problematic since modelling 
each individual component as a variant would result in a difficult to grasp structure 
(Figure 14). Instead, the assembly itself was modelled as a variant with the components 
modelled as generic (Figure 14). This way, the structure means that the entire assembly 
is optional, but the underlying components are generic since there’s only one variant 
of the optional assembly. The problem is related to the previously described optional 
components. Because there are optional components, the generic structure isn’t 
perfectly consistent across all models in the platform. This stems from the fact that a 
bottom-up approach had to be taken where the generic model was created after several 
models had been fully developed and marketed. As such, some compromises had to be 
made in the modelling of the PFMP. 

As briefly mentioned in the start of the PFMP findings, the part view was initially 
modelled after the PDM system item structure and then changed to match the 
engineering view structure. The reasoning behind this was to provide a clearer 
connection between the engineering view and the part view. In the examples from the 
theory (Figure 5) the connection between the views was accomplished by drawing 
arrows between them. The theory description of drawing links between views was quite 
limited. Harlou (2006, s. 118) simply writes that links should be drawn between 
customer features, engineering organs, parts and assemblies. Since parts were 

Figure 14: a) Illustrating problem of handling variance on an assembly level. b) 
Illustrating chosen solution to handling variance on an assembly level. 
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included in the description, it was assumed that the theory meant that the links should 
cover all components of the PFMP. This wasn’t done due to the complexity of the 
product and the fact that the PFMP had to be printed on multiple posters. Drawing 
arrows from every part to a module in the engineering view and then drawing arrows 
from every module to every relevant customer feature would result in a cluttered PFMP 
poster. But by using the engineering view modules as the assemblies for the part view, 
the connection becomes obvious between these views. The connection between the 
engineering view and the customer view did become less clear and more reliant on 
knowledge of the product as a result. This was considered a reasonable tradeoff since 
the ambition was to implement the PFMP into a computer system where the links 
between views could be handled more efficiently.   

Another issue with the current way of working was that the engineers created their own 
BOM (EBOM) which was then sent to the production department where they used it to 
create their own, separate manufacturing BOM (MBOM). This was considered an 
inefficiency since two BOMs had to be created when the one being actually used was 
the MBOM. If the generic structure of the part view could be created to fit the 
production process, the creation of an EBOM could be avoided since the engineers 
would have a generic structure to populate with variants. 

Engineering view 

The engineering view was modelled using modules. The PFMP examples from the 
literature uses organs and modules to build the engineering view. The use of functional 
organs wasn’t considered a useful approach in this case. This was because the platform 
consists of products that employ the same functional principles while differing in the 
specific performance of the different functions. Modelling these using organs would 
result in minimal or non-existent variance in the engineering view since all models 
would use the same functional principles. For example, every mower model uses the 
same mechanical principle to turn the mower or to cut the grass. Instead, a module-
based approach was used. This allowed the engineering view to provide a more easily 
understood overview of the variance in the product. 

The information needed to define the modules was found in several places. The starting 
point was the systems that the mower was already divided into. These systems 
contained the major functions of the mower and were considered appropriate places 
to start. However, the systems were considered too broad to be the stopping point for 
the engineering view. Instead, the systems were broken down to further separate the 
functions and features contained in them. When defining the modules, it was 
important to understand how different components were assembled together since this 
is important for some of the module drivers discussed in the theory chapter. This was 
achieved by studying the 3D models in the integrated 3D viewer of the PDM system 
and by studying drawings of the exploded system assemblies. The 3D viewer included 
tools that were used to gain a better understanding of the products composition. These 
included, exploding assemblies, section views, making models transparent and hiding 
selected models in an assembly. The drawings of the exploded assemblies were also 
used as a visual aid to section the systems into modules or subsystems. The resulting 
engineering structure of the mower is shown below in Figure 15.  
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Mower structure 

As explained in the theory chapter, defining what is exactly meant with the term 
module is difficult. The descriptions given in the theory chapter presents a very broad 
concept of what a module is. In the modelling of the engineering view, modules were 
defined from an already developed product. Since the physical components couldn’t be 
changed to suit specific modules, the module definitions were most closely related to 
the work of Ericsson and Erixon. The core idea was to treat modules as strategic units, 
and to define them with the help of the module drivers. The connection between the 
physical and the functional structures was also taken into account, modules that could 
fully encapsulate specific functions were favored. But since this is deeply tied into the 
design of the product, it was treated as a secondary priority in this study. The existence 
of standardized interfaces was treated similarly, it was a contributing factor to defining 
modules, but also tied to the design in the same way as the functional structure. An 
added motivator specific to this study was the ability to provide a better overview of 
the variance in the platform, since this was one of the main purposes of the PFMP. This 
added motivator wasn’t considered strong enough to justify modules on its own. So in 
the cases where it was the only motivator, the “module” was instead referred to as an 
assembly. 

Figure 15: Mower structure defined in engineering view. Lines showing how the 
components are assembled, dashed line shows minor connection.  
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To briefly summarize, the modules in this project were defined as strategic, reusable 
units based on the module drivers, encapsulation of functions and standardized 
interfaces. 

The structure of the engineering view will be described, and each module will be 
presented with the motivations behind defining it as such. Some of the module drivers 
can’t be applied with complete certainty, since the manufacturing processes and the 
future planning of the platform components hasn’t been investigated. This means that 
the technology evolution, planned product changes and process and/or organization 
drivers could only be applied in a speculative manner. The module drivers are 
reiterated below. 

1. Carryover 
2. Technology evolution 
3. Planned product changes 
4. Different specification 
5. Styling 
6. Common unit 
7. Process and/or organization 
8. Separate testing 
9. Supplier available 
10. Service and maintenance 
11. Upgrading 
12. Recycling 

Chassis system lower 

The system was one of the original systems that the mower was already broken down 
into. In the case of the lower chassis system, it was broken down in two steps. First it 
was broken into the lower chassis assembly and the housing module. These were then 
broken into their own sub-modules which contained the actual functions. Some 
configurations of the system were shared between several models. It could then be 
argued that the whole system could be visualized as one module in the engineering 
view of the PFMP. However, since the system houses several functions, this would 
group them all into one module which would make them difficult to discern from the 
PFMP. The lower chassis system can be seen as all the parts in Figure 18, excluding the 
drive wheel module and the support wheel module.  

Lower chassis assembly 

The lower chassis (Figure 18) assembly has the same amount of reusability as the 
overall lower chassis system. The assembly also included some interfaces that were the 
same for all configurations. But since none of the module drivers fit, it wasn’t 
considered a module. 

Chassis base assembly 

The chassis base assembly can be considered as the components in Figure 18 that are 
inside the lower chassis assembly but excluded from the drive motor module and the 
column module. The base module has the same modularity as the lower chassis system, 
some configurations of it are reused in multiple models. As with the lower chassis 



Findings and analysis  

34 
 

assembly, it wasn’t considered a module since none of the module drivers could be 
applied to it.  

Drive motor module 

The motor (Figure 18) was a straight-forward example of a module. It encapsulates a 
specific function, providing torque for the wheels, and its shared between all models in 
the platform. Therefore, it can be related to several of the module drivers. It’s a 
common unit since it is common for the whole platform. The separate testing driver 
applies since the basic testing of the motor can be done without having to assemble the 
entire mower. Some tests may need to be performed with the whole mower however, 
such as testing the performance of the final product. The carryover driver could also be 
applicable. The motor doesn’t necessarily have to be upgraded for each generation of 
mowers in the platform. 

Column module 

The column module (Figure 18)  is used to connect the body to the chassis. It also 
interacts with some of the sensor functions, but it doesn’t encapsulate a mower 
function on its own. It was still considered a module due to its adherence to several 
important module drivers. It was a common unit, since the same column module was 
used in every model in the platform. It would likely fit the carryover driver as well since 
the module consisted of simple, mechanical parts. Aside from the module drivers, the 
column module also provided a standard interface for the whole platform. 

Housing module 

The housing module (Figure 18) contained the battery module, the wheel housing 
assembly and the sensor module. It could be viewed as a module since certain 
configurations of it were reused for multiple models and determined the number of 
wheels the mower would have. Every variant of the housing module also used the same 
interface to connect to the support wheel system and the lower chassis module. The 
different specification module driver could be applied since the module determines the 
specified number of wheels which vary between models.  

Battery module 

The battery module (Figure 18) was a simple module to define. It encapsulates the 
functions of storing and providing energy to the mower. It has a standard interface in 
the form of its power plug. It adheres to the common unit driver, since the same battery 
is used across the platform. The separate testing driver can be applied as well, the 
battery doesn’t need to be assembled into the mower to undergo basic testing. As with 
the motor, some tests may need the mower to be assembled to determine the final 
performance of the mower. The battery is designed to be easily replaced by customers, 
so it fits the service and maintenance driver. Depending on whether the same battery 
will be used in future generations of the platform, it could either fit the technology 
evolution or the carryover drivers. The battery fits the supplier available driver, since 
the battery had an alternative version supplied by a manufacturer. 
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Wheel housing assembly 

The wheel housing assembly wasn’t considered a true module since it wasn’t an 
independent group of parts. This was due to the fact that in the housing module, the 
battery module is placed inside the wheel housing, meaning that the wheel housing 
assembly can’t be assembled without it. The purpose of the wheel housing assembly in 
the engineering view was simple to contain the “leftover” parts of the housing module. 
The parts of the wheel housing assembly did include some functional variation between 
models. It can be considered as the components in the housing module in Figure 18 
excluding the battery module and the sensor module. 

Sensor module 

The sensor module (Figure 18) encapsulates the sensor functions and has a standard 
interface used by all models in the platform. Multiple module drivers can be applied to 
the sensor module. The sensor module is a common unit for all models. Depending on 
the future development of the platform, the sensor module could be a carryover module 
or a technology evolution module.  The separate testing driver is only partially valid. 
Testing of the basic functionality could likely be done on the sperate module, but many 
of the tests would likely require the whole mower. 

Chassis system upper 

The upper chassis system (Figure 17) contained several human machine interfaces 
(HMI) that were connected to different functions in the mower. The system wasn’t 
considered modular since all mowers had their own configuration of the upper chassis 
systems. The system was broken into the upper chassis assembly and the connection 
module to further isolate functions and modularity. 

Upper chassis assembly 

The upper chassis assembly (Figure 17) was considered an assembly instead of a 
module for the same reasons as the upper chassis system. The assembly did contain 
several HMI components which could be seen as an encapsulation of a function. 
However, the assembly wasn’t reused across models, so it wasn’t considered a true 
module.  

Connection module 

The connection module (Figure 17) is unique in the engineering view since it is 
optional. It’s designed to encapsulate a specific function related to wireless 
connectivity. The different specification driver can be applied to the connection module 
since it encapsulates a variant function into a separate module. This means that the 
assembly of the connection module can be placed as late in the assembly process as 
possible to reduce the complexity of the assembly line. The module isn’t common for 
the whole platform, but the same component is reused for all models that include the 
special features it provides. The technology evolution driver could be applied to the 
connection module if the module is upgraded in future generations with superior 
performance or additional functionality. 
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Cutting system 

The cutting system (Figure 19) could’ve been considered a module on its own if the 
engineering view was modelled on a less detailed level. This is because it encapsulates 
the cutting functions of the mower, and it has a standard interface towards the rest of 
the mower. Several module drivers could also be applied to it. To provide a better view 
of the potential functional variance, the system was broken into modules that isolates 
the different aspects of the cutting functionality. 

Cutting module 

The cutting module (Figure 19) contains both the height adjustment module and the 
cutting motor module. It encapsulates both these functions, has a standard interface 
and can be related to several module drivers. But since the internal parts of the module 
could easily be grouped into useful modules themselves, the cutting module was 
broken down into the two following modules.  

Height adjustment module 

The height adjustment module (Figure 19) encapsulates the function of being able to 
raise or lower the cutting equipment of the mower. The module has variants that all 
share the same interface towards the neighboring components. The module fits under 
the different specification driver since it encapsulates a specific variance in the function 
of the mower. The planned product changes driver applies since separating the module 
makes it easier to add more variants that provide different ranges of cutting height in 
the future.  

Cutting motor module 

The cutting motor module (Figure 19) was defined with similar motivations as the drive 
motor module. It encapsulates the function of providing torque, it has a standard 
interface, it’s a common unit for the platform, it can be tested separately, and it may be 
a carryover between product generations. An additional driver that’s applicable to the 
cutting motor but not the drive motor is the supplier available driver. The cutting 
motor can either be produced inhouse or purchased from a supplier. 

Cutting disc module 

The cutting disc module (Figure 19) encapsulates the tools used to cut the grass. It’s 
connected to the cutting motor using a standard interface since the cutting motor is a 
common unit. The different specification driver applies here since there are different 
variants of disc modules providing different cutting width. The module is also subject 
to the planned product changes driver since it allows for easy development of new disc 
modules for new cutting widths for future variants. 

Body system 

The body system (Figure 16) contained the body module and the cover assembly. It 
contained the whole outer body of the mower. It contained a visual design 
“functionality” and had a standardized interface with the chassis. The styling module 
driver could be applied, but since the system had a unique configuration for each 
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model, it wasn’t considered a true module. Instead, it was broken into two components, 
one of which could be considered a module. 

Body module 

The body module (Figure 16) is the main outer body of the mower. It is connected to 
the rest of the mower through a standard interface provided by the column module. 
The body module includes bumpers and important design elements. The body module 
was an edge case when it comes to modularity since only one of its variants is reused 
in more than one product model. But since it uses a standard interface and a few 
module drivers can be applied to it, it was considered a module. The styling module 
driver is the most important driver in this case since the body is a major part of the 
design that can actually be seen in the final product. The body must therefore be 
designed according to the different brand-based design guidelines that exist in the 
company. The different specification driver is also somewhat applicable since the 
different bodies have different bumper setups and the module contains many variant 
parts.  

Cover assembly 

The cover assembly (Figure 16) was defined as an assembly since it didn’t fulfil enough 
of the criteria used for modules. It included the parts used to protect the HMI 
components, but not all the cover assembly components served this purpose. The 
components in the cover assembly were basically the “leftovers” of the body system 
after the body module was defined. Because of this, none of the cover assembly 
configurations are reused for multiple models in the platform. 

Drive wheel system 

The drive wheel system (Figure 18) was considered a module, but the name was kept 
to maintain the connection to the fundamental structure of the mower. The wheels 
connect to the drive motor through a standardized interface since all models use the 
same motors and the wheel module is designed accordingly. Some of the drive wheel 
modules are reused for multiple models and several module drivers can be applied. 
The carryover drive could be applied since the wheels are a simple mechanical 
component that is unlikely to undergo major changes between generations. The 
different specification driver can be applied since the different wheel configurations 
vary in diameter and wheel threads. The styling driver is somewhat applicable since 
the wheels are designed for different brands and include relevant logotypes. The 
service and maintenance driver are applicable since the wheels were expected to be 
easily replaceable by customers and were considered wear components. 

Support wheel system 

The support wheel system (Figure 18) was considered a module but kept the system 
name for the same reasons as the drive wheel system. The support wheel module 
encapsulated a specific purpose and used a standard interface towards the wheel 
housing. The support wheel was a common unit module shared by all models in the 
platform. It was also a service and maintenance module following the same reasoning 
as the drive wheel system. The support wheel would most likely also be a carryover 
module due to its simple, mechanical construction which wouldn’t need to change 
between product generations. 
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Charging station 

The charging station was defined as a single module that encapsulates the charging 
functionality of the mower. The charging station was also connected to its adjacent 
components through standardized interfaces used by all models. Some configurations 
of the charging station were used for multiple models, but it wasn’t a perfect common 
unit. The module would likely be a carryover module as long as the same battery is used 
in future generations since the components work together. The styling driver was also 
applicable since the different charging stations included design differences based on 
branding. The separate testing driver would also apply since the entire mower wouldn’t 
be necessary for all tests to be conducted. Some final performance test may need to 
include a full mower setup. 

Software 

The software module didn’t represent any physical component, only the software 
installed in the mower. The purpose of the software module was to include the software 
variance in the architecture for the sake of the variance overview. The software was a 
relevant inclusion since the mowers require different software to support the different 
models. In the case of the software module, there’s some overlap between technology 
evolution and upgrading. The technology evolution driver would in this case refer to 
new software being developed for future generations of mowers. The upgrading driver 
would refer to upgrading a mower within its lifetime. Since the software may be 
updated within the mowers lifetime, the upgrading driver would also apply. An 
argument could be made that the updating of the software falls under the service and 
maintenance driver. In this case the upgrading driver was chosen since the service and 
maintenance driver was interpreted as maintaining or restoring the module to its 
original state, or close to it. 

The main difficulty in modelling the engineering view was that the study followed the 
previously described bottom-up approach. As with the generic structure of the part 
view, this also created problems in the engineering view. This was because the 
engineering view was based on modules in a product that wasn’t fully modular. Some 
compromises had to be made and the engineering view included assemblies as well as 
modules. In some cases, the assemblies were composed of what was left after the 
modules had been created. The assemblies were defined with the overview of platform 
variance in mind to be more relevant as PFMP items. One alternative could’ve been to 
ignore the components that didn’t fit into functional modules. Ultimately, this was 
considered contra-productive to the purposes of the PFMP since it could make it 
confusing if components were missing from the engineering view. This was especially 
true since the PFMP can be used to facilitate communication between departments, if 
the PFMP is too hard to understand it would fail in this area. Consistency between 
views was important to provide the overview understanding that the PFMP is supposed 
to provide.  

A censored section of the finished PFMP engineering view can be seen in Figure 20, 
where it follows the same modelling method as the part view. The engineering view 
was of great interest to the domain experts during meetings. In the current way of 
working, the product is developed with some though to modularity, but it isn’t done in 
a structured manner. The engineering view was seen as a potentially useful tool to get 
an overview of the functional structure of the product and support the development of 
modules.  
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Figure 16: IPL drawing of the body system with engineering view groupings 
shown in red. 
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Figure 17: IPL drawing of the upper chassis system with engineering view 
groupings shown in red. 
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Figure 18: IPL drawing of the lower chassis system with engineering view 
groupings shown in red. 
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Figure 19: IPL drawing of the cutting system with engineering view groupings 
shown in red. 
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Figure 20: Censored section of the engineering view from the finished PFMP. 
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Customer view 

When it came to the customer view, most of the data had to be gathered from sources 
outside the PDM-system. Since the method was new to the company, the information 
needed for the customer view wasn’t available in any single place. Initially, the features 
were gathered from product sheets geared towards customers. This was done since the 
customer view needs to represent the product from a theoretical customers point of 
view. So, while there might be features that are very important internally to the 
company, the PFMP should focus on features that can be marketed towards customers. 
This is useful since it allows the company to build the customer view in a way that 
explains how the platform relates to a market. It can provide an idea of which customer 
segments are targeted by different models in the platform by showing the variance in 
features across the platform.  

The second source was the requirement specifications of the platform models. Many of 
the requirements were only relevant to the internal workings of the company and to 
interactions between the company and legal authorities enforcing product related 
regulation. These weren’t included since they weren’t things that would be marketed 
towards customers. The requirements specification documents also included the 
strategy and purpose behind the platform. This was used as a guidance to pick features 
which seemed relevant to the strategy behind the platform. Instead the features picked 
from the requirement specification were things directly relevant to customers.  

The third source was the operator’s manuals. The operator’s manuals were mainly used 
to find the specific specifications for each model to find out how the models differed in 
terms of features. In some cases, domain experts had to be consulted to fully 
understand the purpose of a feature. To summarize, the customer view was modelled 
using features that were considered value-creating, and interesting to the end-user. 

The final customer features are shown in Table 2 where the included features are 
shown in green and the excluded features are greyed out. The table includes the 
features that were considered relevant from a customer perspective. As such, the 
selection process was conducted by assuming that all features were useful to include in 
the PFMP. All the features were analyzed, and they were excluded if they were 
considered redundant or irrelevant for the reasons given in the table. A censored 
section of the PFMP can be seen in Figure 21 where the features are modelled following 
the same structure as the other views. 

During the presentations and meetings regarding the PFMP, the customer view was 
considered a useful tool. It was seen as a way to more clearly describe the strategy of a 
platform and how it would need to develop in the future. The customer view was of 
particular interest in combination with the engineering view to support the 
development of new variants to a platform. By knowing which features are to be 
available, more informed decisions could be taken in an engineering view when 
defining modules. This would result in a product architecture that is readier for 
configuration and future development, which is one of the purposes of modularity. 

Feature modelling was used almost exclusively to model the customer view. In the case 
of the robotic mower, the feature modelling approach was considered the most 
appropriate. But the use of features doesn’t need to be exclusive. The modelling of 
technical processes wasn’t used since the technical processes of the mowers didn’t vary 
in terms of operands, human systems, technical systems or environmental systems. 
Since the product was a robotic mower, many of the processes lacked an obvious 
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human system as well. Only one interface was modelled, the market compatibility of 
the PSU which refers to the type of plug used to power the charging station. In this 
case, the exact type of plug could’ve been specified but the relevant market was used 
instead. This meant that the specific technical solution wasn’t specified. The decision 
on whether or not the customer view should include specific technical solutions 
depends on what the customer view will be used for. As mentioned, the feedback during 
meetings included a desire to use the customer view together with the engineering view 
to inform the creation of new variants. Since the engineering view includes technical 
solutions, technical solutions weren’t included in the customer view to maximize its 
usefulness. This way, the customer view could provide the general features needed to 
satisfy customers, and the engineering view could show how these features were 
realized with technical solutions. 

 

Table 2: Table containing features gathered from product sheets, operator 
manuals and requirement specifications for the platform. Features in green 
were included in the PFMP customer view. 

Customer Features Reason for exclusion 

Battery   

Battery capacity 

Technical details of battery aren’t important to 
customers since they will buy replacement batteries 
specific to the mower. Energy consumption and mow 
time provide a clearer view of the mower’s capacity. 

Battery type 
Technical details of battery aren’t important to 
customers since they will buy replacement batteries 
specific to the mower. 

Battery voltage 
Technical details of battery aren’t important to 
customers since they will buy replacement batteries 
specific to the mower. 

Battery pack weight 
Included in total weight of the mower, so specific 
battery weight isn’t needed. 

Charging current 
Not needed, charging time provides a clearer view of 
the charging process. 

Automatic charging system  

Mean energy consumption 
at maximum use 

 

Power consumption during 
cutting 

 

Typical charging time  

Typical mow time on one 
charge 

  

Productivity   

Working area capacity  

Area capacity per hour 
Not needed since area capacity is the feature 
determining how big of an area a mower can cut. 

Maximum incline at 
boundary wire 

  

Maximum incline inside 
working area 
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Irregular cutting pattern 
The specific technical solution of how the mower 
achieves its cutting result isn’t very relevant from a 
customer perspective. 

Automatic passage 
handling 

  

Cutting Deck   

Cutting system 
Specific mechanics of cutting isn't relevant from a 
customer perspective, cutting components are 
handled in engineering and part views. 

Cutting height, min-max   

Cutting width   

Charging Station 
Search Methods 

  

Follow boundary wire  

Follow guide wire  

Home signal 
Specific function of how the mower finds its charging 
station isn’t important for the customer view. 

Search system 
Specific function of how the mower finds its charging 
station isn’t important for the customer view. 

Dimensions   

Weight  

Installation 
Accessories 

  

Extra blades 
Installation accessories is modelled in the part view 
together with the other package contents. 

Loop wire 
Installation accessories is modelled in the part view 
together with the other package contents. 

Staples 
Installation accessories is modelled in the part view 
together with the other package contents. 

Motor and Cutting 
System 

  

Blade motor type 
Specific technical solution not of interest to a 
customer, more suitable information to include in the 
part view. 

Drive motor type 
Specific technical solution not of interest to a 
customer, more suitable information to include in the 
part view. 

Product   

Body material 
Specific technical solution not of interest to a 
customer. 

Integrated handle  

Information panel 

The specific technical solution here isn’t relevant as 
long as it fulfils its purpose. If the size of the screen 
was regarded as a major function or selling point, then 
this could’ve be included. 

Keypad 

The specific technical solution here isn’t relevant as 
long as it fulfils its purpose. The keypad is more of an 
engineering question since it should be designed to 
have enough functionality to successfully support the 
mower software. 

Software update possibility  

Timer Included in mowing programs. 
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Wheel threads 
Wheel threads don’t mean much on their own, max. 
incline is a better measurement of how well it 
traverses terrain. 

Safety and Security 
Features 

  

Alarm  

Lift sensor   

PIN code   

Tilt sensor   

5 sec. Cutting delay   

Collision detection   

Sound and Noise   

Sound level guaranteed   

Sound level measured 
Almost identical results to maximum sound level, not 
unique enough to warrant a separate node in the 
PFMP. 

Smart Features   

App connectivity (SMART)   

Mowing programs   

Easy installation by 
consumer 

  

Maintenance Features   

Hose washable   

Wear components 
replaceable without special 
tools 

  

Miscellaneous   

Flexible charging station 
position 

  

PSU market compatibility   

Cutting area limited by 
boundary wire 

Already covered by feature specifying that mower 
follows boundary wire. 

Manual language 
availability 
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Figure 21: Censored section of the customer view from the finished PFMP. 
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4.4 PLM system prototype 

The final research question was regarding the implementation of a PFMP based 
product structure into a modern PLM system. In this section, the results of the PLM 
implementation will be presented. 

Application of PDS terms 

Since the main focus of the project was to model a product platform using the PFMP 
methodology, the product platform concept is the focus of the PLM implementation. 
This means that the product model group and product model family were treated as 
lower priority terms to implement. 

Product platform  

The product platform could be implemented as a container for product models. The 
platform should also contain the generic structure found through the PFMP since the 
basis of a platform is a shared generic structure. It would also be beneficial to 
implement the engineering and customer perspectives on a platform level since this 
provides the overview of the platform that the PFMP was designed to achieve.  

Product model  

Product models should also be part of the PLM system since they are the core 
components of the platforms. The product models need to contain the product model 
configurations in order to keep track on all the functional variants of a product model 
and which components differ between them. 

Actual Product 

Since the contents of an actual product can differ greatly based on what type of product 
it is, it becomes difficult to implement as a class in a PLM system, since its relation to 
market variance changes based on the product. For example, a robotic lawn mower 
would need its PSU (power supply unit) to function, making it part of the actual 
product, causing the number of actual product variants in the model to grow massively 
due to including the market variance in the PSU plug. This can be compared to a 
chainsaw, in which the actual product doesn’t contain market variance, except possibly 
from one model for extremely cold environments and one for temperate or hot 
environments. As such, using the actual product as a basis for the BOM’s in the PLM 
system would be unwise since it could lead to some products having too many BOM’s. 

Packaged product 

The Packaged Product could be used in a PLM system as the most specific 
configuration of a product, including product model configuration and additional 
package contents based on markets, the packaged product could be displayed as 
market variants. 
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Finished product 

Finished Product doesn’t contain any BOM of its own, it’s the item that’s ordered by a 
customer and it points to a specific packaged product. There could be some use in 
including finished products to be able to separate finished product and packaged 
product inside the PLM system to make the connection to the master data system 
easier to manage if for example the packaged product for a finished product need to be 
changed. 

Part 

The part is a central concept in the structuring of products. The PLM system must be 
able to handle parts since the managing of product data is one of the most basic 
features of both PLM and PDM systems. The part is the basic building block used to 
define products which populate the product platform. 

Requirements 

A list of requirements was created based on the core ideas of the PFMP and the PDS 
concepts. The requirements were grouped into different categories based on how 
important they were and how likely they were to be finished within the given time 
frame. The requirements were defined as general requirements mean to describe 
functions and not specific implementations in a particular PLM system. The 
requirements were classified as N (needed), D (desired) and U (unlikely). The U 
requirements were things that were considered to be valuable functions but too 
complex to implement in the current project. All the final requirements are listed in 
Table 3 with their respective classifications. 

Requirements 1-2 were created based on the implementation of PDS terms as 
discussed previously. The terms that were considered important were product model 
and product platform.  

Requirements 3-8 were based on the PFMP methodology and were designed to cover 
the core aspects of the method. This included the generic structure of the platform, the 
different viewpoints advocated by the method and a way to link the elements of the 
different views to one another.  

Requirement 9 was also based on the PDS terms but was considered a less central 
feature. The market variant would be a fully configured packaged product for a specific 
market. The ability to include market variant in the PLM system itself was considered 
a desirable feature since one of the differences between PDM and PLM systems is that 
a PLM system has a wider scope that includes more stages of a products lifecycle. The 
PFMP focus on customer features also contributed to the inclusion of the requirement. 
Ideally, each market variant wouldn’t need to exist as a unique item with its own unique 
BOM, but instead as a market configuration of a specific product model configuration. 
This would reduce the number of items that would need to be maintained manually 
and make the structure of the product model easier to navigate. 

Requirements 10-11 describes similar features at different levels of realization. The 
ability to generate new variants using the generic structure could be a useful tool to 
save time for engineers. It wasn’t included as a needed feature since the difficulty and 
time needed for implementation would depend on the capabilities of the chosen PLM 
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system. If the system already supports the creation of configurations based off of 
existing assemblies, it could be solved. But if the system doesn’t provide much support, 
creating a custom configurator from scratch would likely not be achievable within this 
project. 

More requirements could be created, but since the PLM system implementation is only 
one part of a two-part project, the PLM implementation needed to be kept within a 
realistic scope. The requirements were created to be general requirements so that they 
could be independent of a specific computer system. 

Table 3: PLM system requirements. 

Nr. Requirement Description Class 

1 Product models The system must allow users to 
create and edit product models 
containing product model 
configurations. 

N 

2 Product platforms The system must allow users to 
create and edit product platforms 
containing product models. 

N 

3 Provide generic structure The user must be able to create a 
generic structure for the product 
models of a given platform. 

N 

4 Generic structure 
navigation 

The generic structure must be 
browsable and contain links to the 
different components contained in it. 

N 

5 Generic structure 
variants 

The generic structure must contain 
the different variant components that 
are included in the product platform. 

N 

6 Engineering view The system must allow the user to 
define modules as in the engineering 
view of the PFMP. 

N 

7 Customer view The system must include the 
customer features defined in the 
customer view of the PFMP. 

N 

8 View relationships The system must provide some way 
for the user to define and view the 
relationships between the customer 
features, engineering modules and 
physical parts. 

N 

9 Market variants The system must provide a way for 
the user to define and manage 
market variants of product models. 

D 

10 Variant structure 
generation 

The system must provide a method 
for generating a new item structure 
based on an existing item structure. 

D 

11 Create variant 
configurations 

The system must provide a function 
that allows the user to create variants 
using a configurator to select non-
generic components. 

U 
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PLM system 

The main purpose of the PLM implementation was to see if a modern PLM system 
could be used to support the PFMP approach to modelling product platforms. This was 
tested by installing Aras along with an Aras variant manager application and through 
some custom configuration of the system. A simplified version of the platform was 
implemented since the main objective of the PLM prototype was to test the 
functionality of the system, and not to implement a full platform. The version of Aras 
was version 11.0 SP12 using an open license. The basic interface of Aras can be seen in 
Figure 22, with the table of contents (TOC) to the left and the search grid to the right. 

Configuration of Aras uses an object-oriented approach. Every object in Aras is an 
“item”, and every item has an “itemtype”. These can be related to regular object-
oriented terms by saying that itemtypes are classes and items are the instantiated 
objects of those classes. The most basic itemtype in Aras is the itemtype named 
itemtype. All classes inherit their core properties from this itemtype, but additional 
properties can be added on top of the default. Aras is designed to be customizable, so 
the default itemtypes are not set in stone, but can be adapted to fit the purposes of the 
user. 

The default installation of Aras comes with a number of itemtypes used to manage 
product data. Out of these, the most relevant ones are the itemtypes “part” and 
“product”. Part is used in a very similar way as the Husqvarna PDS term part. It’s used 
as the basic component of products, it can be a physical component, assembly, software 
or material. More sub-types of parts can easily be added as well. The product type is 
used to define complete products and includes models that are linked to parts. In the 
case of this study, parts were used to model the components of the product, and the 
product type was used to model the product models of the platform. 

The variant management application added a number of itemtypes to the system. The 
most important one is the generic item. The generic item also contains “families” which 
contains “options”. Families and options are used to manage the different options 
available in a generic container and are used to configure combination rules. The 
generic item also included a table rule configurator. Here different options could be 
combined in a table to define combination rules. This was used as a visualization tool 
in the PLM implementation. For the purposes of this study, the family itemtype wasn’t 
particularly useful since each generic item would only have one family of options. But 
since the configurator was built around the use of the families and options, they were 
kept to make use of the functions in the configurator. 

The generic item could also be linked to parts to show which parts realized which 
options. The class structure can be seen in Figure 23. There are more itemtypes that 
could be shown, parts can contain documents and CAD documents for example. But 
since the focus is on the variance and platform management, only the itemtypes 
relevant to this will be discussed. The icons used for the relevant items are shown in 
Figure 24. 
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Figure 22: Basic interface of Aras.  
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To visualize the structure of the platform, tree views were created using available tools 
in the program to represent the different views of the PFMP. The tree views were built 
from a generic item, and expanded to show the items contained in it, such as parts, 
options and other generic items. These tree views were then used to visualize the 
different PFMP-based views. The tree views were created using the “query definition” 
and “tree grid view” tools in Aras. The query needed to get the child generic items, parts 
and options of a parent generic item to display them in  

the tree grid view. This was accomplished by defining the query definition to find the 
related families, parts and generic items of the parent generic item, and the options 
belonging to the found families. Then to make the tree model the whole structure of 
the platform, the child generic item was set to reuse the query definition of the parent 
generic item, causing the query definition to become recursive. The query definition 
can be seen in Figure 25. 

Figure 23: Class diagram including the relevant itemtypes used in the Aras 
implementation. 

Figure 24: Icons for the relevant itemtypes in the Aras implementation. 
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But the options referring to parts wouldn’t be shown since that would create two items 
for each physical component in a tree view. To solve this, the option itemtype had to 
be changed to include two subclassifications, “part” and “feature”. This way, the query 
definition could be set to only get options of type “feature”, while ignoring options of 
type “part”. Then, the generic items containing parts would only show the parts and 
not both parts and the options referring to the parts. This can be seen in Figure 25 
where the conditions for including an item are shown in blue text, the part item was 
also required to be the current version to avoid getting multiple parts in a generic item 
position. 

 

Then, a tree grid view was created to visualize the query. The tree grid was linked to 
the query definition and was used to choose which elements would be shown in the 
view. In this case, the family item was hidden since it only serves as a container for 
options which is already accomplished by the generic item in the tree structure. The 
relationships were also hidden since they weren’t necessary to visualize. What is 
displayed in each cell of the tree grid view is determined using a “cell display settings” 
context menu where the user can choose which property or properties to display in the 
cell. It can also be set up to allow users to open the item from the tree grid view. In this 
case, the tree grid view was set up in a single column showing the descriptive name of 
each item and allowing users to open them by simply clicking the name of an item. 
Figure 26 shows the tree grid view setup. 

Figure 25: Query definition used for the generic structure tree in Aras. 
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To actually use the tree grid view it needed to be connected to an itemtype by 
generating a relationship item where the data source for the query item needed to be 
defined. The created tree grid view was connected to the generic item itemtype, using 
the target item as the data source for the query. This meant that every generic item had 
a “generic structure tree” tab which contained the tree grid view. By having it in the 
generic item itself, the tree grid could be modeled at different depths of a structure 
since the query would find its way “downwards” into a structure. This means that a 
high-level item such as “chassis system” would generate a very large tree, while a low-
level item such as “sensor assembly” would generate a smaller tree. The results of the 
tree grid view can be seen in Figure 27. The generic item and option itemtypes were 
edited to include names, descriptions and item numbers to separate their unique 
identify from the displayed names. Families were also given a description field. By 
default, options and families weren’t included in the TOC, and were added to make 
them easier to manage. 

The platform itemtype was added to manage product platforms in Aras. Creating a new 
itemtype automatically adds default properties from the itemtype itemtype. A simple 
relationship was added in the platform itemtype to allow users to add products to 
platforms. These would represent the product models populating a platform in 
Husqvarna’s PDS terminology. An option to add documents to platforms was added in 
the same way. The final addition to the platform itemtype was to add the generic 
structure tree views described earlier. This was done by adding three properties to the 
platform of the type “item” which used the generic item itemtype as their data source. 
By adding form elements to support this, the user could link each one of them to a 
generic item. The generic items would represent the customer view, the engineering 
view and the part view of the PFMP. Then, to display the tree grid view in the platform 
item, three relationships were generated using the tree grid view tools. While the 
previously generated relationship pointed directly to a generic item, the new 
relationships had to point to the platform itemtype and use the different “view” 
properties as data sources. This way, the platform could have three tree grid views, one 
for each of the generic items linked. 

Figure 26: Tree grid view definition used for the generic structure 
tree in Aras.  
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Figure 27: Example of the tree grid view being used in a generic item. Items 
can be expanded or collapsed, and clicking the name of the item will open 
its page in a new tab. 



Findings and analysis  

58 
 

In order for the tree grid view to generate something, the different views had to be 
modelled using generic items. Each view was modelled from one generic item which 
contained other generic items to represent generic positions. The generic items can be 
compared to the blue nodes in the PFMP examples shown previously. For every green 
variant node in the PFMP, there would need to be an option item in the relevant generic 
item. Wherever there needed to be an option, a family needed to be added first to 
contain the option, as shown in Figure 28. 

Where there were physical parts corresponding to the options, the parts were added in 
the default “usage” tab which also allowed user to connect options to parts using rules. 
This can be seen in Figure 29. 

This was done for all three views, but parts were only added to the engineering view 
and part view since the customer view was modelled using features. The result of this 
was that platforms could include three tree views containing the generic structures 
modelled in the PFMP as seen in Figure 30. 

 

Figure 28: Example of family definition in generic item. 

Figure 29: Example of part usage in generic item. 
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Figure 30: Product platform item, displaying simplified version of customer 
view. 
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The table rule editor was used to define and visualize rules determining which variant 
options could be combined with each other. A family was added to contain options 
representing the different product models in the platform. The table rule editor can be 
used to display the options and families in a generic item on a table. The families don’t 
create cells of their own, they just add groupings to their options. When an option is 
selected, it can be displayed either as a row or a column. The user can decide which 
options are displayed at any given time and can hide the ones not considered important 
at the time. 

Rules can easily be created by selecting a cell and setting it to include or exclude the 
combination of the row and the column items. The user can use this to both define 
rules and provide a visual overview of the allowed combinations in the generic item. 
When configuring the generic item rules, the rows can be seen as the components of 
the columns. As an example, Figure 31 shows the customer features of the implemented 
platform as rows. The different product models are shown as columns. The rule editor 
can be used on different levels of the platform structures to display different 
dependencies and variance. For example, it could be used to compare a module or set 
of modules to customer features to show which modules realize which customer 
features.  

Figure 31: Example of table rule editor. Customer features are shown as rows 
being compared to columns representing different product models. Then 
feature options can be combined with the models to create combination rules. 
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To evaluate the PLM implementation, it needed to be compared to the requirements 
presented in Table 3. All the necessary requirements were fulfilled to an acceptable 
degree. The non-necessary requirements weren’t fulfilled for the most part, but the 
current implementation can implement some of their features. The fulfilment of each 
requirement is described further in the following section. 

Fulfillment of requirements 

1. The requirement of including product models was fulfilled by the default 
implementation of the product itemtype. For the purposes of the study, the 
product itemtype was sufficient, but in a more comprehensive PLM system 
implementation it could need some configuring. 
 

2. The requirement of including product platforms was fulfilled by the custom 
platform itemtype. The platform item fulfilled its role by allowing users to add 
products to the platform like the platform in the Husqvarna PDS is used to 
contain product models. 
 

3. The requirement of providing a generic structure for a given platform was fulfilled 
by the tree structures and generic items added to the platform itemtype. This was 
accomplished by building generic structures as the ones in the PFMP using the 
generic items. Then they were visualized as expandable tree views in the platform 
items. 
 

4. The requirement of providing a way for the user to browse through the generic 
structure of a platform was fulfilled. This was accomplished by setting up the tree 
views in such a way that the user could simply open items from the tree view. 
 

5. The requirement of including variance in the generic structure of platforms was 
fulfilled through the implemented tree views. Parts and options were added to the 
generic items to represent variant options, and these were included in the query 
used for the tree views. This way, the user could see all available options for a 
generic item directly in the tree views. 
 

6. The requirement of including modules similar to the customer view in the PFMP 
was fulfilled by using part items to create modules. These were included in the 
generic items in the customer tree view of the platform. 
 

7. The requirement of including features similar to the customer view in the PFMP 
was fulfilled by using option items to create features. These were included in the 
generic items in the customer tree view of the platform. 
 

8. The requirement of viewing relationships between the PFMP-based views was 
fulfilled using the table rule editor. The editor could be used to define and 
visualize the connections between items from different views like which modules 
realize which customer features. However, these links could only be seen by 
opening the generic item containing the rules weren’t shown in the tree views 
themselves.  
 

9. The requirement of including market variants in the PLM system was partially 
fulfilled. Market variants could be added as models in the product item, but this 
would mean that each market variant would require its own part item. In this 
way, the market variants would be handled in the same way as the product model 
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configurations. This would cause the products to include a very high number of 
models which could be impractical for day-today operations. A future solution 
could include a more practical way to handle market-based variance. 
 

10. The requirement of allowing the user to generate new item structures from 
existing structures wasn’t fulfilled. The system didn’t support the feature by 
default and significant time wasn’t dedicated to developing a custom solution. 
 

11. The requirement of allowing the user to generate new variants using a 
configurator wasn’t fulfilled.  The configurator included a function to generate 
part structures by selecting options, but this feature didn’t create the structure as 
an actual part. Since the feature was estimated to take a significant amount of 
time and knowledge to develop, time wasn’t dedicated to it. 

The main issue with the PLM implementation was that the relationships between the 
PFMP views were somewhat difficult to visualize. Since they were included using rules 
in the table rule editor, they weren’t visible in the tree overview included in the 
platform. In the PFMP examples from the literature, the relationships between views 
are shown explicitly in the tree structures, providing an easily understood overview of 
the dependencies in the platform. The current implementation has room to improve 
but the time dedicated to it was limited due to it being one part of a multi-part study. 

The table rule editor was also used to show which parts and options corresponded to 
which product models. In the PFMP, this was accomplished by the variant matrix 
which was included alongside the tree structure. Based on the experiences of Aras in 
this study, this didn’t seem to be supported by the tools used for query definitions and 
tree grid views. To implement the variant matrix alongside the tree structures would 
likely require a custom created tree view outside of the tree grid view tools in the 
system. 
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5 Discussion 

5.1 Discussion of method 
 

DRM 

The first aspect of the method to be discussed is the DRM approach. The DRM 
approach was primarily used to plan out the structure of the study. The findings of the 
study were found in the prescriptive study stage of the chosen DRM approach. This is 
also where most of the time was spent. The use of the DRM structure supported the 
planning phase of the study and made it easier to make a time plan. By having the 
larger stages of the DRM structure, the time plan could first be created by setting a 
timetable for the four DRM stages. Then, each stage could be modelled to allocate time 
for each of its activities. By breaking down the study on different levels, estimating the 
time needed for each step became easier since the time plan items become more and 
more specific. The repeatability of the study is also aided by a more structured 
approach. 

One downside of breaking the study into four stages is if there’s a need to go back to an 
earlier stage for minor reasons. The DRM approach does allow for going back and forth 
between stages, but it isn’t intended for the stages to be worked on in parallel. If certain 
activities need to be worked on in parallel, the study is no longer following the 
methodology. This can happen because of unforeseen issues like scheduling problems 
delaying certain activities or because an activity turns out to be more difficult to 
complete than anticipated. This isn’t necessarily a problem with the methodology itself 
since it’s intended to be used for larger projects such as a PHD study where each stage 
is its own complete study. But in a smaller study such as a masters or bachelor level 
thesis, it can be difficult to focus on one stage at a time when the entire project is limited 
in a small timeframe and each stage is more akin to an activity in the project. Overall 
the DRM approach was a useful tool to support the planning and delimitations of the 
study, and to organize the implementation of the method. 

PFMP 

The PFMP method was used to model a product platform architecture with an 
emphasis on managing product variance. Since the purpose of the study included the 
evaluation of the PFMP method, the choice of using it was decided from the beginning. 
The more interesting questions are whether or not it provided a better product 
platform structure than what was being used and if the method could be applied as 
described in the literature. The comparison to the current structure will be discussed 
together with the findings in the discussion of the findings. Here the method will be 
discussed in terms of its implementation and whether or not the theory provided 
sufficient support for the implementation. 

Drawing the PFMP in Excel had advantages and disadvantages. The cell grid could be 
used to maintain the same sized nodes and distances between items. It also made it 
simple to manage large amounts of data that needed to be inserted such as article 
numbers. Since the PDM system at Husqvarna could export BOMs to Excel, this saved 
significant amounts of time since component names and article numbers could be 
copied over very efficiently. The main drawback of using excel is that the data isn’t 
protected from accidental changes. 
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It was difficult to compare the final results of the PFMP with the examples from the 
literature since the examples are all only cover small sections of a product. The 
examples also provided fairly shallow structures with only one or two levels in the tree 
structure. The PFMP created in this study is far more complex since the mower 
contains many assemblies and subassemblies within them in multiple levels. 

The main issue affecting the whole PFMP mentioned in the previous chapters is the 
links connecting different nodes and views together in the PFMP as was shown in 
Figure 5. This wasn’t done in the PFMP created in this study due to the number of 
components in the mower. Drawing arrows between every component of the PFMP to 
show how they’re used, and which other components make them possible would result 
in hundreds of arrows. This would make the PFMP difficult to read and the links 
themselves would be hard to follow with so many of them. The approach of linking 
every node in the PFMP would only be suitable for simpler products with fewer 
components. For more complex products, a possible compromise could’ve been to limit 
the linking of PFMP nodes to groups of objects. Limiting the connections to modules, 
large assemblies and customer features would still provide information about which 
components realize each other while keeping the number of links manageable. This 
solution could be useful in the digital version of the PFMP but since the Excel sheets 
were meant to be printed there would still be problems. Even in an A0 format, the 
PFMP had to be printed on four separate sheets, and the items were still quite small. 
The links between views would in this case be cut off by the edges of the papers, making 
them difficult to follow. Therefore, the viability of the method’s way of linking views is 
heavily dependent on the context of the project.  

The second major departure from the literature was the modelling of the engineering 
view. In the theory, the engineering view is very much focused on modelling the 
functional structure of the product. The engineering view was modelled using modules 
and assemblies instead of organs. One of the problems with modelling the engineering 
view with such a close relationship to the physical structure was that some parts didn’t 
fit into modules. Since the products weren’t perfectly modular, and the bottom-up 
approach of the study didn’t permit redesign, these “leftover” parts were collected into 
assemblies. These assemblies didn’t perfectly fit the purpose of the engineering view to 
create the functional structure of a product. A possible solution to this could’ve been to 
make the engineering view more abstract and model it with functional organs as in the 
theory examples. The problem of “leftover” parts would still be problematic since the 
part view still needs to be related to the engineering view. The variance described in 
the functional organs in the referenced literature example (Figure 3) is also based on 
differences in the functional principle. This was interpreted as the principle of how a 
product achieves a function, for example, a mower cutting grass with spinning blades. 
But if every variant employs the same general design of spinning blades, the principle 
would be the same and the variance wouldn’t be seen in the engineering view. This was 
one of the reasons why the modules were chosen over organs. During meetings, the 
feedback from engineers also included a desire to use the customer view and 
engineering view together to develop new variants which would be difficult if the 
engineering view became too abstract.  

Ultimately, the organs and the modules face similar issues in products that aren’t fully 
modular. Some parts simply don’t fit into a module or an organ, but they still need to 
be dealt with if all components are to be included. One possible solution would be to 
reduce the complexity of the PFMP and simply not include every part, but this could 
cause problems if some of the variance is located in these parts. Another solution would 
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of course be to use the PFMP to support the redesigning of a product into a completely 
modular structure. 

One aspect of the PFMP is the naming conventions for the different views. In the 
theory, the views are referred to as the customer view, the engineering view and the 
part, or production view. The customer view was modelled based on what features 
where marketed to customers. As such the naming of the customer view was deemed 
appropriate. The other views are more interesting in this case. 

The engineering view was a new perspective for the engineers involved as domain 
experts. Since the current way of working didn’t include this perspective of a functional 
structure versus a physical structure, the engineers were strictly working based on a 
physical structure. It can then be said that at the perspective of the part view was being 
used by the engineers currently. 

The possibility of using a more production-oriented perspective in the part view was 
mentioned in the presentation of the part view findings. The engineering view could be 
a useful part of this process since having an engineering focused perspective based on 
modules would make the assembly process easier to define. Using the PFMP in a cross-
functional team could allow the product development process to become truly 
integrated across departments. Closer communication between departments can 
increase efficiency since it would be easier for the engineers to make sure that the 
products fulfil the product strategy goals and that they can be manufactured efficiently. 
Another possibility of the engineering view would be to introduce service modules to 
manage aspects of the product beyond its physical components. 

If the engineers used the engineering view as the basis for their work, the part view 
could become more oriented towards production. By building the part view to be more 
catered towards the production of the product, the part view and the engineering view 
could be more specialized to serve their respective purposes. In such a case, the generic 
part view structure could be modelled to fit the production process and possibly 
include the specific manufacturing and assembly in the PFMP. In a more production-
oriented part view, the alternative components briefly mentioned before could also be 
included to show which components can be manufactured or ordered. This would 
eliminate the need for two separate BOMs for the engineers and the production 
department. 

The PFMP was used in a bottom-up approach in this project. One of the strengths of 
the PFMP is that it can provide a very good overview of an existing platform by being 
used in the bottom-up way. The difficulty in the bottom-up approach is that each 
product in a platform don’t always follow the same generic structure. In a larger 
project, the bottom-up approach could’ve included redesigning some product models 
to make them conform to the generic structure of the platform. A top-down approach 
would allow the engineers to set up a generic structure from the beginning, which 
would ensure that new variants would fit into the platform. One difficulty in that would 
be to predict how the platform would develop over the course of its lifetime. This would 
require input from the product managers and their strategy for the platform. 

The PFMP was modelled by starting with the part view, then the engineering view and 
finally the customer view. This wasn’t followed completely since views had to be 
revisited many times in the project. The benefit of working this way was that the 
modelling of the part view could provide knowledge of how the product was put 
together. This made the engineering view easier to model. In a bottom-up approach 
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where there wasn’t room for redesigns, the part-engineering-customer approach was 
suitable since it was primarily about analyzing an existing platform. In a top-down 
approach, the opposite modelling approach would be superior.  When developing a 
new platform, the customer view would be the most important first step to set the scope 
of the platform. Then the engineering view would have a collection of features to base 
its functional structure on which the part view could then be created to realize. 

PLM implementation 

The methodology for the PLM system implementation was focused on understanding 
how Husqvarna defines their products and platforms in their PDS. The requirements 
of the PLM system implementation were based on the central purposes of the PFMP 
and the PDS terms used at Husqvarna. This meant that by using the requirements as a 
guideline, the PLM implementation would be guaranteed to follow the principles of the 
PFMP methodology and to fit into Husqvarna’s way of working. The actual 
implementation was based on the functions available in Aras, and how much custom 
configuration could be done within then available time frame. 

Overall, most aspects of the PFMP could be implemented into Aras without having to 
develop extensive plugins or applications to support it. The available functions indicate 
that the system could be configured to support the method in a more specialized way 
given enough time and resources. Implementing a solution that was specialized to fulfil 
all the requirements to the best extent possible would likely require a custom 
configurator to be developed. Since the variant manager application was created as a 
general configurator, it doesn’t perfectly support the PFMP approach to platform 
modelling, and it includes some features that weren’t used in the study. 

Validity and reliability 

Since the purpose of the study was to evaluate the PFMP method’s ability to model 
platforms and manage variance, the choice of method had high validity. The method 
itself is well-established in several scientific works referenced in the theoretical 
background chapter. The method has also been successfully used outside of an 
academic context at multiple industry companies. This all indicates that it’s a valid 
choice of method to model product platforms. One issue that could harm the validity 
of the study would be fact that the theory examples of the PFMP are not very detailed. 
Due to confidentiality, they are often limited to small sections, or they are simple 
mockups, separate of any real product. This meant that some issues weren’t covered in 
the theory and had to be solved independently. As briefly mentioned, the project 
included weekly status meetings with the company supervisor. This provided a useful 
second perspective to the project which helped reduce bias in the study and to help 
make sure that it was conducted with high validity and reliability. 

The reliability of the study is difficult to define clearly since the purpose was to evaluate 
a method. The main checks for reliability would be the meetings with domain experts 
who gave feedback and pointed out potential errors in the platform structure. When 
there were uncertainties in the sources used to build the PFMP, relevant experts were 
contacted for advice.  The mentioned weekly meetings also helped confirm the 
reliability of the findings. This contact with experts was important to reduce the risk of 
errors introduced by the fact that the study was carried out in an independent manner. 
The reliance on people can also be seen as a risk to reliability. Since the study has been 
conducted with the help of a small number of people, there could be information 
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missing from the model that wasn’t considered by the available domain experts. As 
people, even the experts can also be mistaken which can be a risk. 

5.2 Discussion of findings 

The stated purpose of the study was to investigate how the PFMP method can be used 
to model a product platform architecture and how suitable it is to be used as a basis for 
implementation into a PLM system. In this section, the analyzed findings of the study 
will be discussed with regards to the research questions. 

How is the product platform currently structured? 

The findings related to the first research question was answered by gathering 
information from and about the current PDM system at Husqvarna which is the system 
in which the engineers interact with product data. The analysis of the findings 
determined that the current structuring of the products provided a limited ability to 
understand the variance in a product platform. The findings were primarily analyzed 
from the perspective of the PDS terms at Husqvarna. The PDS terms weren’t fully 
supported in the current PDM system since certain aspects of the products were 
handled in separate systems. This compounded the issue of providing an overview of 
the products since some information wasn’t available in the system.  

A concise answer to the question is that the current structure of the product platform 
is to have a platform object that contains a number of product models which have a 
number of configurations with their own tree structures containing each component. 
The variance is understood through variant containers which can show which variants 
exist of a specific object. 

The main problem with the current way of structuring the product platforms was that 
there is no formal generic structure for the platform. This means that the engineers 
developing new variants must know or investigate what the general structure of the 
platform is and which components are standardized. This creates a vulnerability in the 
product development process where mistakes can happen. This could lead to delays in 
the development of a new product, missing important deadlines. It could also lead to 
unnecessary components being developed where an existing one could’ve ben reused. 
As such, the lack of a formal, generic structure for the platform presents a problem that 
could potentially hinder the product development process. 

How is the structure of the product family improved by modelling it using the 
PFMP method? 

The findings of the PFMP modelling were achieved by gathering data from the PDM 
system used at Husqvarna, internal company documents, public product 
documentation and through discussions with domain experts. The data was organized 
and translated into the three views of the PFMP which together formed a product 
platform architecture. To answer the research question, the results of the PFMP must 
be compared with the results from the previous question.  

The biggest improvement of the PFMP compared to the current structure is the 
addition of a generic structure. Having a formal generic structure creates a common 
foundation that ties the products in a platform together. By having a clearly defined 
structure, defining and reusing standard platform components becomes easier.  Being 
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able to simply take the generic structure and “plug-in” a variant could reduce lead times 
on variant development and save costs in this area. The PFMP addresses the lacking 
platform overview in the current system. This makes it easier to see how the products 
in a platform target different market segments, and what parts go into realizing them. 
Being a simple, visual tool, the PFMP structure can make sure that everyone involved 
with products in the platform can quickly gain an overview of the platform and the 
place of various product models in it. The PFMP can also be used as a shared document 
between departments to improve communication and to make the product 
development process more integrated. Increased integration of departments could 
reduce misunderstandings of requirements and production needs which require 
redesigns to amend. 

The use of modules as strategic units is common tactic in product platform 
development. In the project, the modelling of the PFMP encouraged a more modular 
approach to structuring the product since the engineering view is focused on the 
functional structure of the product. The use of modules is a useful tool in the 
development of platforms since reusing components is a major part of platform 
development. In a top-down approach, the engineering view could be created as a basis 
for the common modules in a new platform. By modelling the generic modules from 
the beginning, the platform can be developed in a way that maximizes component 
reuse from the start. It is important to understand that the strategy of modularization 
isn’t only relevant to the engineers who design the product. Several of the module 
drivers that aren’t based solely in the engineering of the product. An example is the 
motivation of modularizing components that can be sourced from external 
manufacturers. Modelling an architecture that connects customer features to modules 
and uses the module drivers cements modularity as a strategic tool that concerns 
product managers as much as the engineers themselves. The customer view also 
contributes to a strategic value not provided in the current structure. By including the 
customer features of a platform and mapping out the current and planned range of 
options, the platform strategy can effectively be communicated to the engineers 
designing the products. 

The implementation of the PFMP method could also cause some difficulties. Product 
development projects would need to involve more people from different disciplines to 
fulfil the cross-functional needs of the different views. Scheduling meetings with 
multiple people from different departments could prove difficult to achieve on a 
regular basis. To amend this issue, the responsibility of the PFMP or specific views in 
the PFMP would need to be assigned to specific people. This way, all stakeholders 
wouldn’t need to be involved with every aspect of the PFMP modelling. Creating the 
PFMP would also involve more work when first modelling the architecture. The most 
significant benefits would only come later as the architecture could be used to quickly 
develop variants. This could lead to the method becoming unpopular due to being seen 
as extra work with little immediate benefit.  

Overall, the findings suggest that the use of the PFMP method can support the 
development and management of product platforms. Being able to easily and quickly 
get an overview of an entire platform through a visual tool can support the expansion 
of a platform with new variants. These findings are in in line with similar studies 
referenced in the theory section and contribute to the validation of the PFMP as a 
useful method to develop platform architectures. 
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Can the PFMP be a suitable tool to structure a product family for use in a PLM 
system? 

Most of the requirements created from the PFMP method and the Husqvarna PDS 
were fulfilled by the PLM prototype. The PLM implementation provided new 
possibilities for platform modelling that weren’t available in the current PDM system. 
The PLM system prototype had several functions that realized these possibilities. The 
system could model platforms containing three tree structures modelled after the three 
views in the PFMP. These included the generic structure of each view with the variants 
available as options. Since all items could be opened directly from the tree views, the 
system allowed users to easily browse the structure of the platform. The system allowed 
users to define and visualize rules determining which options in a generic structure 
could be used together. This could be used to show which components or features 
belonged to which product models. It could also be used to show which engineering, 
part and customer view items were related to each other. These features can be 
contrasted with the current system, where platform management was limited to the 
use of individual variant containers. Getting an overview of a platform in the current 
system was a slow process requiring users to manually find all components and 
variants in the system. The new system provides much more efficient way of reaching 
the same level of understanding. 

By having this structure included in the computer system, things like standard 
components can be found more easily, saving time in the product design process. The 
system basically provides the benefits of the PFMP on a digital platform that is shared 
by all stakeholders. This means that updates to the platform model would be 
immediately available for everyone involved in a project without having to organize a 
meeting. Being able to work together in a computer system would reduce the number 
of necessary meetings which was one of the difficulties discussed in relation to the 
PFMP. By including multiple viewpoint of the product platform, more comprehensive 
information about the product can also be included. By being modelled in a PLM 
system, the model can include more information than a PFMP modeled in Excel. Since 
each node of the tree structures in the prototype links to an item they can contain more 
information than what would fit onto paper poster. Complex information about 
attributes, documentation and CAD files can all be attached to the item and easily 
found through the structures in the prototype. In this way, the integration of the PFMP 
method with the information handling systems of a company expands the amount of 
information that can be contained in the model exponentially. The level of detail can 
also be customized to a larger degree. On a poster, the model can only be viewed in one 
way, but a computer system can dynamically expand and collapse structures. 

The successful PLM system implementation implies that the PFMP method can be 
used to support the modelling of products in PLM systems. The resulting platform 
architecture is more suited for a PLM system compared to a PDM system since it 
includes a broader scope than what is generally used in a PDM system. Including a 
customer view and potentially modelling the part view to be more production oriented 
creates in a more PLM oriented product architecture. Such an architecture would 
require cross-functional competence to model but could serve as a way to encourage 
more integrated product development. The literature examples of the PFMP being 
used to support computer systems have mainly dealt with configuration systems. In 
this case, the PFMP was instead used to structure platform and variance management 
in a PLM system. This expands on the uses of the PFMP method and shows that it can 
be used for more applications than as a basis for configuration systems.
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6 Conclusions 

This study has evaluated the use of the PFMP method to model a product platform 
architecture and tested whether it could be implemented into a modern PLM system. 
The problem with the current, old system was that it was inflexible and didn’t provide 
the structures necessary to gain an overview of a platform. By implementing the PFMP, 
the value of platform development becomes much clearer. The overview of variance 
and standard components provided by the method highlights how much development 
time can be saved through the reuse of components. The use of the method can amplify 
this strength by explicitly formalizing these structures and making sure that new 
variants are developed to fit into the platform effortlessly. The structures of the PFMP 
were possible to implement into a PLM system. By linking each node to objects in the 
PLM system, the structures could contain much more information. The main benefit 
of using the PFMP method as a basis for the PLM system was the inclusion of 
browsable generic structures, giving users the ability to easily navigate and understand 
platforms. 

A major topic in this thesis has been that of modules. An important lesson learned 
during the modelling of the module-based engineering view was that modules can be 
more than just encapsulated functions or collections of related components. Modules 
can be strategic units with motivations going beyond the standard engineering 
considerations. 

It wasn’t always practical to follow theory implementation of the modelling method. In 
other cases, the theory simply didn’t cover an encountered problem. The conclusion 
drawn from these experiences was that the most important thing in implementing a 
modelling method isn’t to treat the literature as an unbreakable law. The most 
important thing was to keep in mind what the core purpose of the method was, and to 
make sure that any alteration to it was based in that purpose. This way the point of the 
method remains the same while making it more suitable for the project that’s 
implementing it. This should be done carefully however, since implementing the 
method differently within the same company could make the product architectures 
inconsistent. 

To further evaluate the PFMP method, a future study would be to test it in a top-down 
approach to platform development. This could provide a more extensive test of the 
ability of the architecture to support the development of new variants and platforms. 
The methods ability to support modularization would also be tested more thoroughly. 
It would also be beneficial for Husqvarna to test the method with a broader scope and 
involving more cross-functional stakeholders. This could give a broader understanding 
of the product and inform further development of a PLM system implementation. 
Future work could also focus more on the PLM system prototype. With more 
programming knowledge and time, the prototype could be further tailored to support 
the developed product platform architecture. 
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