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Abstract

Focusing efforts early in projects and working with structured and purposive methods
can prevent changes in the later stages of product development projects, which can be
costly and have detrimental effects for time-to-market. To maintain a strong market
presence and competitiveness in R&D operations Husqvarna Construction Products
are striving to continuously improve the time-to-market for complex product develop-
ment projects. As a part of this endeavor, Husqvarna Construction Products wants to
study improvement potentials in early project phases, with the goal to find ways to
work more structured and purposive with concept development execution.

The purpose of this project is to develop a Toolbox aimed to support structured and
pragmatic development execution in early product development project phases where
the conceptual design is performed. This project will support the improvement of early
project phases as a part of Husqvarna Construction Products’ endeavor of reducing
time-to-market for their product development projects. To achieve the purpose the
research methodology comprised literature studies to research concept development
methodologies, qualitative interviews to understand the current situation and needs
at Husqvarna Construction Products and an iterative creation process for the Tool-
box undertaken by an action-research approach involving participants from Husqvarna
Construction Products.

The Concept Development Toolbox comprises a methodology derived from established
concept development methodologies, further adapted to suit the needs of Husqvarna
Construction Products. The methodology’s core is to explore broadly, consider sets
of solutions, and gradually narrow the sets by eliminating solutions, leading to con-
vergence towards a final concept. It is influenced by the set-based approach, which
supports considerations of several alternative solutions and prevents the appearance of
late changes in the product development process. The Toolbox consists of two parts,
a Handbook, and a Template. The Handbook aims to describe the methodology, the
purpose, and how to execute activities. The Template aims to support the practi-
cal execution and facilitate documentation, by providing templates for each presented
method and tool suggested in the Handbook.

Concluding, the Toolbox is developed to support and facilitate structured and prag-
matic concept development execution for Husqvarna Construction Products and a
prerequisite for obtaining the benefits entailed from the Toolbox is to implement it in
the current concept development processes at Husqvarna Construction Products. The
Toolbox provides a baseline for continuous adaptations and improvement based on
new needs and insights and the result presented now should be considered as a start-
ing point in the endeavor of improving concept development execution at Husqvarna
Construction Products.

Keywords: Concept development, Design methodologies, Husquarna Construction
Products, Set-based concurrent engineering, Product development.
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1 Introduction

This report is a result of a master thesis project conducted at Chalmers University
of Technology in collaboration with Husquarna Construction Products. The purpose
of this project is to develop a Toolbox aimed to support structured and pragmatic de-
velopment execution in early product development project phases where the conceptual
design is performed. This chapter describes the background to the project as well as the
case company, followed by purpose € research questions, objectives, and lastly scope €
delimitation.

1.1 Background
1.1.1 Concept Development

Front-end activities, covering the work preceding the actual product design, is a criti-
cal part of product development projects and it is claimed that the ability to influence
the success of a product development project is never greater than at the start of the
project (Cooper, 2019; Morgan & Liker, 2006; Ulrich & Eppinger, 2016). Learning at
the front and focusing efforts on front-end activities in a project prevents late-cycle
changes in design. Changing course in a project becomes increasingly more expensive
and time-consuming as the project progresses, and many times delays the time-to-
market for the product.

Concept development is a front-end process that takes place in the early phases of prod-
uct development projects. The purpose of concept development is to create, evaluate
and decide on one or several product concepts for further development and testing,
based on an identified opportunity or idea. The term concept refers to a means with
information about the form, function, and features of a product, that can be used
to estimate cost, size, weight, and feasibility (Mattson & Sorensen, 2019; Ulrich &
Eppinger, 2016). The process of concept development can be described as a phase to
evolve information that characterizes the solution to be developed (Ulrich & Eppinger,
2016; Mattson & Sorensen, 2019). The decisions made during the process affect the
subsequential development activities, and wrong decisions can have a tremendous neg-
ative influence on the development project.

Wrong decisions in development projects are often due to poor evidence behind them,
and a way to manage this is by working with structured processes and methods. Struc-
tured processes and methods support the decision process, by creating an understand-
ing of decisions and reduces the risks of moving forward with unsupported decisions. It
also helps to manage complexity in development projects and ensures that important
issues in development are not forgotten. Further, structured processes and methods
can also help to capture knowledge and information that can be used as future refer-
ence and to educate newcomers, since structured methods are mostly self-documenting
(Ulrich & Eppinger, 2016; Cooper & Kleinschmidt, 1995)

In a time where product development projects are facing challenges concerning tight
time plans and pressure to improve the time-to-market, focusing efforts on working
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with structured processes and methods in concept development is seldom prioritized
in product development projects since it intuitively can be perceived as costly, time-
consuming, and result in longer development times. However, research shows that
frontloading in development projects reduces development time and improves success
rates (Cooper, 2019; Morgan & Liker, 2006).

1.1.2 Husqgvarna Construction Products

Husqvarna Group is a Swedish world-leading producer of outdoor power products for
forest, park, and garden care, watering products, and power tools for construction.
In the year 1689, the company was founded and today Husqvarna Group has approx-
imately 13,000 employees in 40 countries and a turnover of approximately SEK 42
billion per year (Husqvarna Group, 2021b). The Group consists of three divisions,
Husqgvarna Construction Products, Husqvarna Brand, and Gardena.

Husqvarna Construction Products is a global leader in machinery and diamond tools
for the construction and stone industries with a strong focus on innovation and the
customer. The product range consists of machines, diamond tools and accessories for
cutting, sawing and drilling as well as polishing floors and demolition. The products
are used exclusively by professionals and are built for high-level performance, relia-
bility, and superior support (Husqvarna Construction Products, 2020). Their product
range consists of large machines, hand-held machines, and smaller accessories. Fig-
ure 1.1 show products within the whole product range, going from large demolition
robots, floor grinders, hand-held electrical cutters, and small diamond blades and
chains (Husqvarna Construction Products, 2021).

Floor grinder

Handheld power cut Diamond blade Diamond chain

Figure 1.1: Husqvarna Construction Products product range
(Husqvarna Construction Products, 2021)
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Husqgvarna Construction Products’ global headquarter and R&D center are located
in Jonsered, Sweden. The division contributed to 14% (5.85 MSEK) of Husqvarna
Group’s net sales in 2020 and has approximately 2000 employees worldwide, and sales
in more than 70 countries (Husqvarna Group, 2021a). Husqvarna Construction Prod-
ucts is divided into six segments, four located in Jonsered: Concrete Surfaces Floors,
Concrete Sawing Drilling, Light Demolition, and Aftermarket Connectivity; and two in
Ath, Belgium: Diamond Stone and Tools. The division’s products are manufactured
at nine different facilities shared with the rest of the Husqvarna Group and can be
found worldwide.

Husqvarna Construction Products has a strong market presence and strives to be a
world leader in the trend towards the most innovative and sustainable products. The
division also works actively with the development of user-centered products. To further
strengthen their market positions and technology leadership the division is focused on
growing both organically through new customers, products, services, and markets as
well as through complementary acquisitions. By acquiring companies, the division has
quickly increased its market shares, expanded its product portfolio, and also obtained
access to new technology and knowledge. Since 2016, Husqvarna Construction Prod-
ucts has acquired as many as six companies, as a result of that, they have added a new
business area and can now offer customers a complete range of solutions for all surface
treatment needs (Husqvarna Group, 2021a).

To maintain a strong market presence and competitiveness in R&D operations Husq-
varna Construction products are striving to continuously improve the time-to-market
for complex product development projects. As a part of this endeavor, Husqvarna
Construction Products wants to study improvement potentials in early project phases,
where the conceptual design is performed, with the goal to find ways to work more
structured and purposive with concept development execution.

1.2 Purpose & Research questions

The purpose of this project is to develop a Toolbox aimed to support structured and
pragmatic development execution in early product development project phases where
the conceptual design is performed. This project will support the improvement of early
project phases as a part of Husqvarna Construction Products’ endeavor of reducing
time-to-market for their product development projects. The thesis answers the follow-
ing research questions to support the development of the Toolbox:

1. What is the current state of the art in the industry and academia in terms of
concept development approaches, processes, methods and tools?

2. How is concept development executed at Husqvarna Group and what appropriate
and inappropriate practices does it imply?

3. What methodology should be proposed in the Toolbox and how should the Tool-
box be designed to facilitate implementation and usage for structured and prag-
matic concept development execution at Husqvarna Construction Products?
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1.3 Objectives

The objective of this project is to reach user acceptance for the Concept Development
Toolbox, to facilitate implementation and usage at Husqvarna Construction Products.
Further objectives are related to long-term effects for Husqvarna Construction Prod-
ucts that implementation and usage of the Toolbox can entail, in terms of increased
innovation, improved time-to-market, and maintained competitiveness in R&D opera-
tions.

1.4 Scope & Delimitation

The project comprise initial limitations set in accordance with the desired improve-
ments of concept development execution presented by Husqvarna Construction Prod-
ucts. Certain delimitations were set due to the time constraints of the project. The
scope and limitations listed below were used as a framework for the project.

e The Toolbox is developed to present a methodology prescribing activities of how
to go from requirements to concept(s), considering functional analysis, concept
generation, and concept decision making.

e The Toolbox is developed to facilitate concept development that considers sev-
eral alternative solutions.

e The Toolbox comprises established concept development methods and tools that
are modified to comply with the current situation and user needs at Husqvarna
Construction Products.

e The Toolbox is developed for concept development work performed by the de-
velopment team, and not for other functional areas that are involved in concept
development work at Husqvarna Construction Products.

e The research of the state of the art of concept development approaches, pro-
cesses, methods and tools in the industry is conducted with literature studies
and interviews within Husqvarna Group.

o The project does not comprise the implementation of the Toolbox at Husqvarna
Construction Products.

1.5 Outline of the report

This report is divided into seven chapters in the following order; Introduction, Method-
ology, Empirical setting, Theoretical frame of references, Results, Discussion, Conclu-
sions & Recommendations.

Chapter 1 has presented a background to the project, including a description of con-

cept development and Husqvarna Construction Products. The chapter also presented
the project’s purpose, research questions, objectives, as well as scope and delimitation.

4
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The next chapter, 2, provides and justifies the project’s methodology. First, the re-
search approach is presented, followed by the research process, including a description
of each phase. Lastly, the data collection methods and tools are presented, used
throughout the project.

Chapter 3, describes the empirical settings including the Husqvarna Product Creation
Process, and puts the concept development and associated roles & responsibility in a
Husqgvarna Construction Products context.

Chapter 4, presents the theoretical frame of references for this thesis. Firstly, the the-
ory of design methodology, with the generic engineering design process and adaptation
to different project types is presented. Followed by the generic concept development
process and different approaches to concept development. Lastly, the theory about re-
quirement management, functional analysis, creation of concepts, and decision-making
in concept development is presented.

In chapter 5 the results of the project are presented. In the first part of the chapter
findings related to the current situation at Husqvarna Construction Products are pre-
sented. In the second part of the chapter, the results of the creation process of the
Concept Development Toolbox are presented.

Chapter 6 discusses the overall results concerning the project’s purpose and research
questions, as well as the methodology used in the project.

In the final chapter, 7, the conclusions and recommendations are stated.

Finally, the Concept Development Toolbox is provided as two appendices, the Concept
Development Toolbox - Handbook and the Concept Development Toolbox - Template.



2 Methodology

In this chapter, the research methodology will be presented, including the research ap-
proach for the project, followed by a description of the research procedure and its dif-
ferent phases as well as data collection methods. The project consists of three phases,
which has made it possible create a Toolbox aimed to support structured and pragmatic
development execution in early product development project phases where the concep-
tual design is performed. In Figure 2.1, an overview of how the research was conducted
along with a brief description of each phase can be seen.

Phase 1 Phase 2 Phase 3

PRE-STUDY IDENTIFICATION OF CURRENT STATUS AT HUSQVARNA CREATION OF CONCEPT DEVELOPMENT TOOLBOX

Research state of the art Propose Toolbox Evaluate Toolbox Refine Toolbox Finalize Toolbox

Identify the current situation of concept development

Identify user needs

!
Literature studies \j

Interviews
User assessment

Needs analysis | Analysis of feedback

Analysis and synthesis of | from Toolbox evaluation
| literature study from phase 1 & Literature studies
findings from phase 2

Figure 2.1: A process chart showing the project’s methodology

2.1 Research approach

The project aimed to improve the current way of working with concept development at
Husgvarna Construction Products. To succeed in this, the Toolbox had to be adapted
to the users and systems at Husqvarna Construction Products. Hence, interaction
with people directly affected by the improvements and people working with concept
development in different areas at Husqvarna Group was crucial for this project.

The activities related to the concept development at Husqvarna Construction Products
belong to the daily activities, and the Concept Development Toolbox will probably
affect the daily operations. In accordance with that, a qualitative case study was a
appropriate research approach. According to Baxter and Jack (2008), a qualitative
case study is appropriate when exploring an everyday occurrence when the contextual
conditions are important to take into account. In addition, the project also undertook
an action research approach since that is suitable when a practical situation is to
be understood and improved from a scientific perspective (Cassell & Johnson, 2006).
Action research can provide good possibilities to evaluate new tools and methodology in
relation to the existing procedure of concept development at Husqvarna Construction
Products. This was accompanied by literature studies.
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2.2 Research process

The project was divided into three phases and was carried out in a chronological or-
der where one phase overlapped the next; pre-study, identification of current status
of concept development, and creation of Concept Development Toolbox. Each phase
involved one or several methods used to systematically propel the project forward.
The phases were divided in accordance with the research questions that the project
will answer. However, it is important to point out that one phase did not always only
answer one research question, but certain phases examined and partly answered more
than one research question.

The results that emerged in one phase did form the basis for the next phase and thus
a phase outcome became an input in the next phase. It should be pointed out that the
third phase differed in comparison with phases one and two. In the third phase, the
action research approach the project did undertake was evident. The activities were
carried out in an iterative manner and it facilitated gradual improvements and thus
the quality of the final Concept Development Toolbox could be ensured to a higher
degree. All three phases with associated activities are described in the sections below.

2.2.1 Pre-study

The first phase aimed to search for relevant literature in the area of concept devel-
opment to get an understanding of how the state of art in academia and industry
looks like as well as the advantages and disadvantages of methods and tools. At the
same time, information about the case company, Husqvarna Construction Products,
was collected. The literature review was conducted in a concentrated way along with
frequent searching on Husqvarna Group’s intranet for concept development process
descriptions, roles & responsibilities related to concept development and other rele-
vant documents. Literature related to concept development in academia could partly
be found through the authors’ own experience of literature in the field. During the
literature study it was evident that there was a lack of literature describing the state
of the art in the industry, but there was very interesting literature describing the state
of the art in academia. Some authors who proved to be particularly interesting for this
project were: Karl T Ulrich, Steven D Eppinger, Robert G Cooper, Jeffery K Liker,
Allen C Ward, and Durward K Sobek.

At the end of this phase, the gathered literature and information were analyzed and
compiled presented in 4 Theoretical frame of reference.

2.2.2 Identification of current status of concept development

The second phase of the project aimed to identify the current status of concept de-
velopment in different areas of Husqvarna Group. This was done through qualitative
interviews with employees from different divisions within Husqvarna Group.

A total of 15 interviews were conducted in this phase, excluding ten weekly meetings
with the company supervisor at Husqvarna Construction Products, Martin T Huber.
In some interviews, there was more than one interviewee, which resulted in a total of

7
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21 interviewees in this phase. One employee from Gardena, two employees from Husq-
varna Brand and the remaining 18 employees Husqvarna Construction Products. The
interviewees were selected based on a recommendation from the company supervisor
Martin T Huber. The majority of the interviews were conducted through video calls
for two reasons. Either the interviewee was placed elsewhere in Europe or working
remotely from home, due to restrictions related to the Covid-19 outbreak.

The interviews provided a good overview and understanding of how different divisions
within Husqvarna Group as well as different employees performed concept development
activities, in terms of what tools they are currently using, and what appropriate and /or
inappropriate practices it implied. Furthermore, opinions, experiences, and feelings re-
lated to the current concept development process, methods, and tools among employees
at Husqvarna Construction Products were explored. Other interesting aspects related
to concept development, which are not within the project scope, also emerged dur-
ing the interviews. Through the interview data collected in this phase, the needs of
the employee at Husqvarna Construction Products could be identified. This was done
through a needs analysis, and the needs were reflected in points of departure.

At the end of this phase, the collected data were analyzed. All data from the interviews
were compiled into one document and then categorized in an iterative manner until
four significant themes had emerged: Approach to concept development, Frontloading,
Integration of perspective, Documentation.

The result from this phase is presented in section 5.1 Current situation at Husquarna
Construction Products and will provide answers to research question two as well as
partly one and three.

2.2.3 Creation of Concept Development Toolbox

The third and final phase of the project constituted the actual development of the
Toolbox aimed to support structured and pragmatic development execution in early
product development project phases where the conceptual design is performed. In this
phase, the action research approach was used, which involved voluntary practition-
ers from Husqvarna Construction Products.To obtain user acceptance of the Concept
Development Toolbox, the creation of the Toolbox was done iteratively with the in-
volvement of candidates from Husqvarna Construction Products. At the beginning of
this phase, all 18 interviewees from phase two were asked if they wanted to participate
as practitioners in the action research, of which seven chose to say yes.

The first step in this phase was to propose an initial Toolbox to the seven practitioners,
based on analysis and synthesis of results from phase one and two. The analysis and
synthesis phase one and two outlaid points of departure for the creation process. The
proposition was presented to the practitioners through email, with the Toolbox as an
attachment. The email was sent separately to each practitioner where the researchers
wrote that the review of the Toolbox should be done when time allowed. The email
was sent separately to each practitioner where the researchers wrote that all types
of feedback were welcome but appreciated feedback considering; the fulfillment of the



2. Methodology

Toolbox’s purpose, ease of use: practically applicable, understandable, and if there
were absence or abundance of methods, tools or instructions. In addition, the email
had an explanation of the purpose of the Toolbox and what the Toolbox consisted of.
The practitioner had about a week to read through and review the Toolbox.

In the second step, the proposed Toolbox was evaluated together with the practitioners,
through 30 minutes one-to-one meetings through video calls. In this step user assess-
ment was essential for reaching user acceptance and creating something that would be
of use for the development teams at Husqvarna Construction Products. The original
idea was to have seminars and workshop sessions alongside one-on-one meetings. Sem-
inars and workshops had enabled practitioners to evaluate its practicality by using the
Toolbox during the sessions. Due to restrictions related to Covid-19 as well as em-
ployees’ tight schedules, it was difficult to arrange physical and longer meetings meant
that seminars and workshops were excluded. In the third step, the feedback from the
practitioner was analyzed and the Toolbox was refined. The second and third steps
were iterated twice, with a refined and changed Toolbox after each iteration. Step two
and three created feedback loops. During the iterations when feedback from practi-
tioners was received, additional literature reviews were performed. As the last step in
this phase, a finalized Toolbox consisting of a Handbook and Template was presented.

The result from this phase is presented in section 5.2 Creation of Concept Development
Toolbox and will provide answers to research question three.

2.3 Data collection

In this project data has been collected through literature studies, exploratory semi-
structured interviews with 21 employees at Husqvarna Group, action research with
the involvement of seven employees from Husqvarna Construction Products as well as
Husqvarna Group’s intranet.

2.3.1 Literature review

Conducting a literature review in a research project is recommended according to Den-
zin and Lincoln (2008). It’s beneficial because it increases the validity of the research
project as well as elicits critical and analytical considerations. In this project, sec-
ondary sources were used to gather information and were considered to be appropriate
since the aim was to draw unbiased conclusions about the state of knowledge within
a specific topic (Denscombe, 2014). According to Denscombe (2014), secondary infor-
mation search is advantageous because it allows access to information in an easy and
quick way.

When the literature search was performed, keywords such as "concept development',
"lean product development', “pre-development”, "concept elimination", “concept de-
velopment in industry”, “Set-Based Design”, “SBCE”, “Practical application of ..,
“concept development tools & methods”, “concept creation/generation”, “target spec-
ifications”. The keywords were used individually but also in combination as search

phrases in library databases such as Chalmers University Library database and Google
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Scholar. The literature was selected based on relevance to the subject. Furthermore,
the literature search was also done by examining the reference list of articles that were
considered relevant. Literature related to concept development in academia could
partly be found through the authors’ own experience of literature in the field. During
the literature review some authors who proved to be particularly interesting for this
project were: Karl T Ulrich, Steven D Eppinger, Robert G Cooper, Jeffery K Liker,
Allen C Ward, and Durward K Sobek.

All relevant literature that was found was listed in a document, where the name of the
literature, author, year of publication, a brief description, and where it could be found
were compiled.

2.3.2 Action research

The main viewpoint with action research is to integrate science and practice in order
to improve a complex situation (Cassell & Johnson, 2006). According to Svensson
(2002) it is important to emphasize that the intention of action research is a close
collaboration between the researcher and the practitioner in order to reach a common
insight regarding the best way to achieve the desired change. Collaboration between
researchers and practitioners took place in this project in order to share knowledge from
different aspects of the area and learn from each other to find the best practical so-
lution adapted to the situation at Husqvarna Construction Products. The researchers
shared their theoretical knowledge related to the subject of concept development, while
the practitioners mainly shared their experiences and insights of practical work with
concept development.

In action research, the roles and interactions between researchers and practitioners
vary, and how this is defined will affect the action research approach to related activity
within the project. In some parts of a project, there may be good reasons to involve the
practitioners and let them make decisions. On the other hand, there may be resource
reasons, knowledge reasons or other reasons against active collaboration between the
researchers and practitioners (Chrisholm, 1993; Goldkuhl, 2012). How the role of
researchers and practitioners was in the third phase of the project is shown in Figure
2.2, after Chisholm and Elden (1993).

Research dominated Collaboratively managed
Researcher model accepted  fressessessesseseenees . .................................................................. ’ Model jointly developed ‘
e ISR — @ [ Jointly generated nformation used |
Researcher makes key decisSions re |...uuuceeeeesseessssnesssnns . ........................................................ Res-e:a-rcher/fystem members make
AR process joint decisions re AR process

Figure 2.2: Researchers role in the action research (after Chisholm and Elden, 1993)

In this project, the researchers made the key decisions about the action research pro-
cess. However, it should be pointed out that the practitioners’ availability, as well as
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opinions, did influence where and how the activities did take place. Due to practition-
ers’ tight schedules, short one-to-one meetings were performed through video calls. In
the second and last iteration, one practitioner gave feedback through email instead of
verbally.

During the action research, the researchers presented an initial Toolbox based on anal-
ysis and synthesis of results from phases one and two as well as the refined Toolboxes
based on feedback from practitioners. The original idea was that practitioners would
take an active role in the creation of the Toolbox and thus action research would be
fairly neutral between research-dominated and collaborative. Due to lack of time, this
was not the case, practitioners did not take an active role in the creation of the Tool-
box. Thus, the action research in the project was more towards the research model
accepted and more research-dominated than collaborative. The majority of the knowl-
edge and information used in the third phase was generated by the researchers and
practitioners together.

2.3.3 Data sources

The two main data sources during the project were organizational data and interview
data. How this data was obtained during the project is described below.

Organizational data

To gain an understanding of Husqvarna Construction Products and the concept de-
velopment process, documents were collected from Husqvarna Group’s intranet. The
documents consisted of process descriptions, roles & responsibilities, as well as figures
to visualize. In addition, some internal documents, not published on the intranet, were
received. Which described process improvements and templates to support concept de-
velopment execution.

Interviews

An exploratory approach was used during the interviews.The purpose of the interviews
was to get insight and broadly explore the interviewees opinions, experiences, and feel-
ings related to concept development, hence exploratory sampling is a suitable option
(Denscombe, 2014).

The interviews were semi-structured with defined themes and issues to address, but
with a flexible approach giving the interviewee space to elaborate on points of interest,
which is considered to be a suitable structure given the exploratory and qualitative
research approach (Denscombe, 2014). The themes and issues to address during the
interviews were the following; Understand how the interviewee works with concept
development considering requirements, concept generation, concept decision-making,
and documentation as well as strengths and weaknesses with the current concept de-
velopment process. At the end of all interviews, the interviewees were encouraged to
give any additional feedback they may have had.

The majority of the interviewees were chosen on the recommendation of the company
supervisor, Martin T Huber. However, five out of 21 interviewees were found through

11
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recommendations during interviews, called snowball sampling. According to Creswell
and Creswell (2017), snowball sampling is suitable for qualitative studies and provides
ways to obtain the requested information. The interviewees were employees who in one
way or another worked with concept development. Table 2.1 shows the interviewees’
roles and which division within the Husqvarna Group they belong to. They are not
listed in chronological order according to when they were interviewed. Those seven
who are highlighted in the table are those who participated in the action research in
phase three.

Table 2.1: List of interviewees

Role Division

Calculation Engineer Husquarna Construction Products
Engineering Lead
Pre-Development Engineer
Primary Engineer

Primary Engineer

Product Engineer

Project Manager

Project Manager

R&D Director

R&D Director

R&D Manager

R&D Manager

R&D Manager

R&D Manager

R&D Manager

R&D Manager

Senior Design Engineer
Senior Research Engineer
Director Technology Development Gardena

Team Manager Husquarna Brand
Manager Primary & Concept Development

Depending on the mother tongue of the interviewee, either Swedish or English was
used as the language of the interview. Whenever possible, Swedish was used because
it was the mother tongue of both the interviewers and the interviewees, which made
it possible for the participants to express themselves easily. Of 15 interviews, eight
were conducted with one participant at a time, and the remaining seven interviews in
groups of approximately two-four participants. The decision to conduct group inter-
views was at the initiative of the company supervisor, Martin T Huber. In those cases,
the employees had the same role at Husqvarna Construction Products.

The majority of the interviews were conducted through video calls for two reasons. Ei-
ther the interviewee was placed elsewhere in Europe or working remotely from home,

due to restrictions related to the Covid-19 outbreak. During the interviews, one inter-
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viewer kept notes, either on a computer or by hand, while the other asked questions.
According to Bell et al. (2018) , taking notes is an action in order not to distort the
interviewee’s answers and to reduce the number of errors in the data.

Conversation and narrative approach described by Denscombe (2014) was used when
analyzing the data created during the interviews. In the Table 2.2 below the conversa-
tion and narrative approach can be seen. The data analyzed were text and talk, and
the purpose of the analysis was mainly to reveal the underlying rules and structure of a
talk. The units analyzed were either blocks of text or a whole story, and the data were
treated either by trying to display underlying rules or to find the symbolic significance
of a story.

Table 2.2: Comparison of conversation and narrative analysis (after Denscombe,
2014)

Conversation analysis Narrative analysis
Purpose of analysis Reveal underlying rules and Depict constructions of

structure of talk and interaction | personal identity and social worlds
Data Text and talk Text and talk
Significance data Displayed meaning Implied meaning
Units of analysis Blocks of text or talk Whole story or text
Treatment of data Deconstructed Deciphered

(to display underlying rules) (to find symbolic significance of story)
Data of analysis Sequence and Structure or

structure of talk social implications of the text

The data were analyzed in five steps on the recommendation of Denscombe (2014).
Step one was data preparation, where all text was gathered in one document. The
second step was to initially explore the data, by looking for obvious themes. This
was followed by step three where the data was grouped into four main categories of
themes, with underlying categories under each theme. In the fourth step, data were
interpreted and written in text blocks, which can be found in section 5.1. In the last
step, interview data were validated by each interviewee on request through email. Each
interviewee received an individual email in which several points that summarized the
interview data from that interview had to be approved.
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3 Empirical setting

This chapter aims to describe the Husquarna Product Creation Process in order to
place concept development and associated roles € responsibility in a context and get a
brief understanding of concept development at Husquarna Construction Products. The
description is based on documents on Husquarna Group’s intranet, internal documents,
not published on the intranet, and information gathered during interviews.

3.1 Husqvarna Product Creation Process

Husqgvarna Construction Products does not have an own organization for process de-
velopment, which means that they do not have any resources for developing their own
processes particularly adapted for the products they develop. At the moment they
are instructed to abide by processes that Husqvarna Brand has developed for their
purpose. In this project, the Product Creation Process is of interest. The process
describes how the development of products and services takes place, which concept
development is a part of.

The Product Creation Process is the overall process description, it consists of processes
for all parts of the product lifecycle, from ideation to product elimination. The Product
Creation Process also consists of formal roles & responsibilities. The process is based
on a stage-gate model, where projects are managed through distinct stages separated
by gates. The gates act as quality checkpoints for the project and decide whether the
project is ready to proceed to the next stage. There are traditionally four distinct
decisions in a gate review; let the project continue to the next stage, terminate the
project, redo parts of the previous stage or hold the decision until further notice. These
decisions are often handled by a steering committee that makes the decision based on
whether the criteria for passing the current gate is adequately fulfilled (Cooper, 1990).
In the Product Creation Process, technical readiness level (TRL) is used as a measure-
ment system to assess the level of maturity for a particular technology and thus the
product idea at the gates. To pass the current gate, the idea must reach the expected
TRL. The scale for TRL ranges from 1 to 9 with 9 being the most mature technology
level.

A challenge with the current design of the Product Creation Process according to
Husqvarna Constructions Products is the transfer between Primary Development and
Pre-Study, in several projects the product’s maturity level has not been at a required
level when it is received in the Pre-Study. Due to this, an additional phase between
Primary Development and Pre-Study is currently being introduced, called R&D Pre-
Development. The new phase will enable the product to be developed to a required
level of maturity before it is transferred to Pre-Study. The scope of this project is
focused on phases where concept development takes place in the Product Creation
Process, thus Primary Development, R&D Pre-Development, Pre-Study, and New
Product Development are of interest. The entire Product Creation Process is illus-
trated in Figure 3.1 below, with the research scope highlighted.
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Sourced Products
Development

Primary
Development Pre-Development

R&D Pre-Stud New Product Product Product
re-study Development Maintenance Elimination

Digital Solutions
Development

Figure 3.1: The Product Creation Process with the research scope of the project

highlighted

According to Husqvarna Constructions Products, the use of TRL enables consistent,
uniform discussions about technical maturity across different types of technology. How-
ever, there are ambiguities about the definition of when a phase is considered complete
and achieves a sufficiently high maturity for a particular technology. Anyway, the
definition of the phases, including the recently introduced R&D Pre-Development, in
relation to the TRL is presented in Figure 3.2. The concept development takes place
up to TRL 4 and sometimes to TRL 5. It should be mentioned that the level of detail
in the concepts differs depending on where the concept development takes place in the
Product Creation Process.
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Figure 3.2: TRL in relation to the phases of interest in the Product Creation

Process
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3.1.1 Primary Development

The purpose of Primary Development is to systematically test and evaluate new tech-
nologies for the eventual creation of new or next-generation products, service solutions,
and production methods. By aiming to reduce uncertainties concerning issues about
technology, feasibility, cost, and time of such magnitude that it cannot be handled in
New Product Development projects.

Research areas for Primary Development are selected to support concepts and product
generations, established in the generation plan. Primary Development projects can
be large or small, theoretical or concrete, technical or market-oriented. The factor
common for all Primary Development projects is a high degree of uncertainty with a
goal to explore future product possibilities. Primary Development projects can end
up either as verified ideas or as hardware solutions. A verified idea is a solution to a
core problem, which has been evaluated and tested, and a hardware solution has been
realized as a functional prototype. Results of Primary Development are stored in a
bank, and can be taken to the R&D Pre-Development, Pre-study and New Product
Development at a suitable point in time.

In Primary Development, concept development takes place in the concept stage. It
starts with R&D receiving market input data from the product manager, and then
R&D execute following activities: technical benchmark, external expertise, patent
landscape, list potential concept(s), create mock-up and simulate, evaluate, robust de-
sign, pro/con list, and recommendation of concept choice. How the activities shall be
executed or suggestions for suitable tools and methods are not stated in the Product
Creation Process. The purpose of the concept stage is to choose a concept(s) to take
into the feasibility stage. In the Product Creation Process, the project manager is
stated as responsible for the execution and deliveries from the concept stage.

The Primary Development phase is considered complete according to the original Prod-
uct Creation Process when the product idea has reached TRL 3, which is an exper-
imental proof of idea or concept. Now when the Product Creation Process has been
modified with a new phase introduced, R&D Pre-Development, Primary Development
is considered to be completed at TRL 2.

3.1.2 R&D Pre-Development

The purpose of R&D Pre-Development is for R&D teams to work proactively with pre-
development activities according to a document called innovation runway. With the
help of an innovation runway, R&D decides together with each product manager what
they need to focus on in order to develop even more purposive and successful products.
The aim is to look ahead and determine which technologies need to be developed to
make them mature enough to put into a New Product Development project. In this
phase, each R&D manager is responsible.

Questions to be answered are; What needs to be solved according to the stakeholders?
What level of maturity is the technology today? What activities are needed to develop
the technology to TRL 47
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The R&D Pre-Development phase is considered complete when the product idea has
reached TRL 3, which is pre-prototypes that can verify the function in a relevant
application environment.

3.1.3 Pre-Study

The purpose of the Pre-Study is to seek approval from the company management to
progress with a product idea and to start a project. This is done through a project
proposal that contains relevant information about the proposal’s impact on the com-
pany’s operations, i.e.: overall group strategies, product strategy for group, division
and category, product portfolio plans, market and competitor situation, trends & tech-
nologies, and financial impact. The product manager is responsible for this phase, thus
submitting the signed project initiation template to the project management office af-
ter the proposal has been approved. Project management office then assigns a project
leader who prepares an initiation of the next phase, New Product Development.

The concept development work in this phase is initiated when system requirements
are to be defined by R&D. Once system requirements are defined, R&D and Global
Design together execute the following activities; create & build technology and usabil-
ity system concepts as well as evaluate concepts. R&D is responsible for the technical
aspects and Global design is responsible for the design. At the end of this phase, all
subsystems must be analyzed, developed, and verified to comply with TRL 4.

3.1.4 New Product Development

The purpose of the New Product Development is to ensure a common framework and
objectives, enabling a project to efficiently define, develop and launch new products.
The process is intended for projects with internal development and manufacturing.

The first stage in New Product Development is the specification stage and where
the concept development work takes place. The purpose is to generate possible con-
cepts to be evaluated and then decide on a concept that has the potential to meet the
agreed product specification requirements and product compliance specification. A
structured development approach shall be used, and set-based concurrent engineering
is suggested. To assist the R&D team in deciding which concept is most appropriate, it
is suggested that a concept selection matrix could be used, assigning numerical values
to the benefits, drawbacks, and risks of each concept. During the activity the R&D
Lead is responsible.

The specification stage ends somewhere between TRL 4 and TRL 5 and thus concept
development takes place up to that level. Husqvarna Construction Products definition
of TRL 4 is; Basic technological components integrated and verified they will work to-
gether. Examples include integration of ad hoc hardware demonstrated in laboratory
environment. Theirs definition of TRL 5 is; The basic technological components are
integrated with reasonably realistic supporting elements and a representative system
prototype of the technology can be demonstrated in key test environment.
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The entire phase, New Product Development, is completed when TRL 9 is reached
with serial production of units that fulfill the requirements specification.

3.1.5 Roles & Responsibilities

Where and to what extent concept development takes place at Husqvarna Construction
Products is not clearly described in the Product Creation Process, which makes it
difficult to define exactly which roles are involved in concept development and what
their responsibilities are. The following roles and responsibilities are described at an
overall level to get an idea of how they differ.

Project management office

The project management office is the function that organizes the project managers.
Each manager has full ownership of a number of assigned project(s). The responsibility
is to drive the project(s) towards defined and agreed results as well as managing the
full range of stakeholders.

Key tasks for the project manager include forming the project teams, clarifying the
responsibilities for all roles, securing resource alignment with the organization, report-
ing progress to the steering committee, communicating with all relevant stakeholders,
creating and maintaining the project budget, and ensuring that the project can pass
the current gate.

Product manager

The product manager is responsible for the company’s product portfolio. The product
manager represents the market and is, therefore, the one who proposes the develop-
ment of new products. Key tasks are to conduct market research, create a business
case for the product, compile market and user requirements, provide recommendations
for prioritization between quality, time, project, and product cost and support the
marketing and sales organization.

During a product development project, the product manager works closely with the
project manager but also cooperates with R&D to translate market & stakeholder
requirements into more technical stakeholder requirements.

R&D

R&D is responsible for the actual research & development and in each phase of the
Product Creation Process. The R&D function itself is divided into the following roles;
R&D managers, R&D lead, mechatronics engineers, electronics engineers, software en-
gineers, and test & verification engineers.

The R&D managers have overall responsibility for a group of projects and thus re-
sponsible for several R&D projects in parallel. Key tasks for an R&D manager are to
keep track of the status of each project, update the innovation runway, as well as staff
liability for a group of employees.

The R&D lead has the authority to make technical decisions regarding the design of
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a new product in a project. The R&D lead key tasks include securing R&D deliveries
according to the project schedule, leading planning and control of the R&D team’s ex-
ecution, communicating necessary resources and requirements to the project manager,
and driving the project’s technical progress.

An R&D team consists of a number of engineers and the main task is to actually
execute the research & development. It is the R&D lead and team together with the
project manager that form the core of a development group.

Global Design

Global design is responsible for the product design and ensures that it complies with
Husqvarna’s brand. This includes that colors, shapes, and logos are in line with Husq-
varna.
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4 Theoretical frame of reference

This chapter presents the theory for this thesis and is the results from the literature
review explained in Chapter 2 Methodology. The first part of this chapter aims to
describe the theory of design methodology, with the generic engineering design process
and adaptation to different project types. Furthermore, the generic concept development
process is described. The final part of this chapter describes the theory of approaches to
concept development as well as requirement management, functional analysis, creation
of concepts, and decision-making in concept development.

4.1 Design methodology

Industrial product development often uses formal design methodologies to create prod-
ucts, services, and systems. Design methodologies provide a structured, repeatable
process for developing new products to enter the market and can be described as a
set of activities that are performed to go from an idea and/or opportunity, ending
in production, sale, and delivery of a product (Wheelwright & Clark, 1992; Ulrich
& Eppinger, 2016). There is no universally defined process for engineering design,
however, in literature you can find several different design methodologies, prescribing
similar structures of common phases. The structures encompass different phases, be-
ginning with some kind of opportunity identification, concept generation, moving on
to more formal development, and concluded with production or sales. This chapter
will present a generic engineering design process described by Ulrich and Eppinger
(2016), to present the context for concept development as a part of engineering design
methodologies in product development.

4.1.1 The generic engineering design process

The generic design process for product development described by Ulrich and Eppinger
(2016), consists of six different phases, seen in Figure 4.1. Each phase serves a different
purpose, which will be further explained in the following sections.

: Concept System-level . . Testing and

Figure 4.1: The generic product development process (Ulrich and Eppinger, 2016)

The planning phase serves the purpose of identifying opportunities guided by corpo-
rate strategy and includes both market and technology assessments. In this phase, the
development task is clarified and provides specifications of products, business goals,
key assumptions, and constraints. Following is the concept development phase, where
the search of possible solutions takes place, to find one or several concepts to further
refine and develop in upcoming phases.
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The system-level design phase further develops the concept by defining the product
architecture, with system-and functional descriptions. Detail design takes place after
the product architecture is defined and serves the purpose of providing detailed infor-
mation of the product and upcoming activities, such as detailed drawings/models of
product design, complete specifications, and production plans.

The second last phase, testing and refinement, serve the purpose of testing that the
product will work as designed, the satisfaction of customer needs, and to identify
necessary engineering changes for the final product before production. Lastly, the
phase of production ramp-up takes place with the purpose to train the workforce and
to identify and fix the remaining problems in production processes, before going into
production.

4.1.1.1 Adaptation to project types

The choice of process for product development can differ in accordance with the firm,
context, and the specific project type. According to Cooper (2019), an important prac-
tice for successful processes is that they allow for adaption and iteration, to be useful
for different types of product development projects. The generic product development
process presented in the previous section is designed for market-pull projects but can
easily be adapted to suit other types of projects. Different definitions of project types
are described in literature, but commonly they are defined by the type of product that
aims to be developed. Table 4.1, modified from Ulrich and Eppinger (2016), summa-
rizes different project types and how distinct features of how the generic process can
be adapted to fit the specific project type.

Table 4.1: Variants of the generic product develop process adapted to product type
(after Ulrich and Eppinger, 2016)

Generic process,
including planning,
concept development,
system-level design,
testing and refinement,
and production ramp-up
phases.

The team begins with a
market opportunity and
selects appropriate
technologies to meet
customer needs.

Market-pull
products

Sporting goods,
furniture, tools.

The team starts with a
new technology, then
find ans appropriate

market

Technology-push
products

The team assumes that
the new product will be
built around an established
technological sub-system.

Platform products

New products are slight
variations of existing
configurations

Customized
products

Rapid modeling and
prototyping enable
many design-build-test
cycles

Quick-build
products

System must be
decomposed into several
sub-systems and many
components

Complex systems

Planning phase involves
matching technology and
market. The concept
development assumes a
given technology

Gore-Tex rainwear,
Tyvek envelopes.

Concept development
assumes a proven
technology platform.

Consumer electronics,
computers, printers.

Similarity of projects
allows for streamlined
and highly structured
development process
Detail design and testing
phases are repeated a
number of times until
the product is completed
or time/budget runs out.
Sub-systems and
components are
developed by many
teams working in
parallel, followed by
system integration and
validation

Motors, switchers,
batteries, containers.

Software, cellular,
phones.

Airplanes, jet engines,
automobiles.
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4.1.2 The generic concept development process

The process of concept development can be generally described by a set of activities,
but it can differ depending on the unique context for the project and the firm using
it. As for the product development process, there is no universally defined process for
concept development, but similar activities are presented in different frameworks. For
this thesis, a generic concept development process described by Ulrich and Eppinger
(2016) will be presented.

Figure 4.2 shows the generic concept development process as a set of sequential ac-
tivities, which is often the case men describing processes. However, iteration is often
necessary and different steps within the process may be repeated based on newly avail-
able information or learning from results (Ulrich & Eppinger, 2016).

: Identify 2 Establish 3 Generate ° 2 2 o
Select Product Test Product Set Final ’ Projec
S tomE] » JIETEES » Hoilus ® Concept(s) ® Concept(s) ® Specifications fud Plannin
Needs Specifications Concepts P p P 8
4 4 4 4 4 4 4

Economic Analysis

Benchmark Competitive Products
Modeling and Prototyping

Figure 4.2: The generic concept development process (Ulrich and Eppinger, 2016)

The purpose of the activity of identifying customer needs is to get a better under-
standing of the customer and their needs and to effectively communicate them to the
development team. Getting a better understanding of the customer is important since
it gives the development team the possibility of anticipating problems and opportuni-
ties early in development (Wheelwright & Clark, 1992).

Identification of customer needs is followed by the activity of establishing target specifi-
cations, by translating customer needs into technical terms. Established target specifi-
cations provide a description of what a product must do, and each specification usually
consists of a metric, marginal and ideal value for it. Target specifications are initially
established early in the development process, but further refined to be consistent with
selected product concepts.

Concept creation is an activity with the purpose to explore the space of product con-
cepts that may address the customer needs (Ulrich & Eppinger, 2016). Mattson and
Sorensen (2019) describes the possibility of identifying the best concept can only be
done in the context of multiple concepts. The selection of concepts is done by analyz-
ing, evaluating, and eliminating concepts until the most promising concepts are left.
For this activity, iteration is usually required and combinations and improvements of
concepts can be performed throughout the activity (Ulrich & Eppinger, 2016; Mattson
& Sorensen, 2019).

Concept testing is an activity to verify that the selected concept meets customer needs,
to assess market potential, and identify problems needed to be fixed before further de-
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velopment. If the concept is not performing well in the tests and the development
team does not believe in the selected concepts, it is necessary to repeat the previous
activities. (Ulrich & Eppinger, 2016; Mattson & Sorensen, 2019).

After a concept is selected and tested, the activity that follows is to revise the initially
established specifications according to the selected concept. Constraints inherent in
the product concept, limitations identified through technical modeling, and trade-offs
between cost and performance should all be reflected with specific values in the target
specifications, for the team to commit to in further development.

4.2 Approaches to concept development

The literature describes two distinguished ways to approach concept development,
point-based and set-based. A point-based approach is described in the literature as the
traditional approach commonly applied in industry. Set-based has received positive
attention in the literature, which has led to an increased interest in the approach,
however, it is not widely used in the industry. The literature describes the main
principles of the approaches, but there is a lack of literature that describes how to
apply the approaches in practice and which specific methods and tools can be used
for execution. For example, there is no guidance on how to use specific tools and how
much they can be modified to ease the execution.

4.2.1 Point-based

In a point-based approach, requirements and constraints are specified as early as pos-
sible and then adjusted minimally. A few concepts are then generated where one that
seems promising is decided to be developed further, thus a single design solution has
been chosen when the information and knowledge for the problem is usually low.

The decision-making process when selecting a promising concept is early in the pro-
cess and usually based on the assessment of the engineers involved in the concept
development phase and which concept, they believe will fulfill the requirements. The
assessment is therefore based on intuition or the experience of these engineers. Once
a concept is selected, the detailed design is established and evaluated through proto-
typing and testing, this is done iteratively and the design is modified until it fulfills
the requirements (Camarda, Scotti, Kunttu, & Perttula, 2019; Liker, Sobek, Ward, &
Cristiano, 1996; Ward, Liker, Cristiano, Sobek, et al., 1995; Holmdahl, 2010; Kennedy,
2003). In Figure 4.3 the point-based approach is illustrated.

The main disadvantage of a point-based approach to concept development is that it
forces an early decision on a design solution, and thus the product concept. Making
a decision early when there are knowledge gaps about the chosen concept and the
alternative concepts is problematic and instead means that the decision sometimes is
based on a guess or a feeling. This means that there is a risk that a less appropriate
concept has been chosen and when it is discovered, major adjustments may need to
be made, which can be both time-consuming and costly. This concept development
approach may therefore result in rework of certain or every phase of the concept devel-
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opment process in order to find an appropriate concept (Camarda et al., 2019; Liker
et al., 1996; Holmdahl, 2010). On the other hand, a point-based approach is said to be
efficient if firms have the ability to discern the quality of the concepts and design al-
ternatives and pick an appropriate one from the beginning (Abernathy & Rosenbloom,
1969; Girotra, Terwiesch, & Ulrich, 2010).

Iterate if required

Few concepts

—

I
>

\ 4
\ 4

»
>
Selected concept Detailed design Test & Evaluate

—

Figure 4.3: Visualization of the point-based approach (after Kennedy, 2003)

4.2.2 Set-based

A set-based approach to concept development is characterized by developing and man-
aging several solutions to a problem, by considering sets of design alternatives rather
than focusing on one specific. The decision point for concept selection is not made in
the early development phases when taking on a set-based approach, as for the point-
based approach. For set-based approaches, a thorough investigation of the design space
is needed to converge on a final solution. With a set-based approach, illustrated in
Figure 4.4, a wide set of possible solutions is considered and gradually narrowed by
the elimination of solutions that are deemed unfeasible or inferior, leading to conver-
gence towards a final solution (Sobek IT, Ward, & Liker, 1999; Ward & Sobek II, 2014).

—
—)

Several " . Final

solutions " concept
—
—

Figure 4.4: Visualization of the set-based approach

In literature, Set-based design and set-based concurrent engineering are the two terms
occurring for describing the set-based approach. The two terms are related but distin-
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guished as the set-based design is the practical approach to engineering design following
the principles of Set-based concurrent engineering. The latter, Set-based concurrent
engineering, is used to denote both Set-based concurrent engineering and Set-based
design in this work.

Set-based concurrent engineering

Set-based concurrent engineering is a development approach, and a part of Lean prod-
uct development, which derives from the Toyota development organization’s devel-
opment process (Ward et al., 1995). The set-based concurrent engineering approach
has received positive attention and is claimed to provide benefits such as increased
innovation and increased probability of successful design (Ward & Sobek II, 2014).
Set-based concurrent engineering is also claimed to be much faster and less expensive
than point-based approaches, because focusing efforts at the front and learning early
on in a project prevents late-cycle design changes which are much more expensive,
risky and time consuming (Ward & Sobek 11, 2014). Set-based concurrent engineering
is not a prescribed methodology, but rather an approach for development that is built
on three principles, which needs to be adapted to each individual application. Sober
et al. (1999) defines the three principles as presented in Figure 4.5 below:

* Look for intersections of feasible sets
2. Integrate by intersection « Impose minimum constraint
* Seek conceptual robustness

* Define feasible regions
1. Map the design space « Explore trade-offs by designing multiple alternatives
* Communicate sets of possibilities

* Narrow sets gradually while increasing detail
 Stay within sets once committed
« Control by managing uncertainty at process gates

Figure 4.5: The three principles of set-based concurrent engineering (Sober et al.,

1999)

Initially, it implies searching widely for possible solutions and defining the sets by de-
signing multiple alternatives. Ward and Sobek (2014) explain that this can be done by
first decomposing the system into the smallest parts possible, and then define broad
targets and specifications for each part, followed by the generation of multiple concepts
for the system and each part. Designing several alternatives allows for exploration and
learning of each, and to identify trade-offs. Decomposing a system allows for focused
development efforts and to take on tasks concurrently instead of sequentially, which
Cooper (2019) describes to be a suitable approach for today’s fast-paced projects and
a principle that industries embrace for reducing time-to-market (Cooper, 2019).

The sets of solutions are gradually narrowed by elimination. Elimination is based on
the evaluation of each of the different alternative solutions. Evaluation includes iden-
tification of failure modes and failure points for each alternative and finding trade-offs.
The information of failure modes and points goes into trade-off curves that describe
the given design approach’s limits of performance possibilities, hence serving as a
knowledge base to guide the design. Elimination is also done based on evaluation of
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integration, how well they fit with each other, fulfillment of customer’s needs, the com-
petitive situation, and other targets in the current specifications (Ward & Sobek II,
2014).

The gradual reduction of the different sets is done by elimination based on currently
available information, knowledge, and trade-offs. If information of an alternative is not
enough to decide on elimination, the alternative will remain in the set and additional
information will be gathered. Additional information can be gathered through further
development and analysis, research, and other functional areas (Liker et al., 1996).

In set-based concurrent engingeering, the specifications are initially defined by broad
intervals instead of specific target values. Defining it broadly initially provides flexi-
bility in the design process, but the requirements specifications are more detailed and
narrowed further along the development process, as new information is available. Nar-
rowed and tightened specifications control the convergence of the design process and
the evolution of the design, and in the end, one final well-proven and optimized solu-
tion remain (Ward et al., 1995; Ward & Sobek 11, 2014).

4.3 Requirement management in concept develop-
ment

Requirement specifications play central roles in product development and support the
direction for solution generation, and provide the normative information for the eval-
uation. Ulrich and Eppinger (2016) describe requirements specification as one of the
key information systems used by the team throughout the development process.

4.3.1 Guidance in the development process

In the context of concept development, the requirement specification is a means to
define the initial purpose of the project and expresses what the product must do and
fulfill, in a precise, measurable, and detailed way (Ulrich & Eppinger, 2016). In the
generic concept development process described in Section 4.1.2, requirements are used
throughout the process. They are involved in the second step of establishing target
specifications and are further used as input to the concept generation phase, where the
requirements help to define the solution space and guide the direction of the solutions
to be derived. In the end, the requirements are used for evaluating and eliminating
concepts in the process of concept selection.

In both point-based and set-based approaches for concept development, the require-
ments are used for evaluation, but in different ways. In Set-based concurrent engineer-
ing the requirements are used to evaluate the sets of concepts as a basis for elimination
and convergence towards a final concept. In PB development, the requirements are
initially used to select a concept that the team considers to fulfill the requirements
the best. Afterward, the requirements are used to evaluate the selected concept, to
identify the areas that need further refinement for requirement fulfillment.
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Requirement specifications are not set and final from the beginning, but rather contin-
uously evolving throughout the development process as further knowledge and infor-
mation are available. Having broad targets initially can allow for a wide exploration
of the solution space, which is the case in set-based concurrent engineering.

4.3.2 Requirements reflecting different perspectives

The requirements originate from different stakeholders, such as users, end-customers,
manufacturing, and marketing. Including several stakeholders’ wants in the require-
ments specification helps to prevent problems arising in later development stages, such
as costly and time-consuming product changes. Ulrich and Eppinger (2016) stress the
importance of requirements to reflect end-user and customer needs and Cooper (2019)
stresses the importance of prevailing a customer focus throughout the development
process for product success.

Having a focus and thorough understanding of the customer’s needs and wants, the
competitive situation, and the market’s nature is essential for product success (Cooper,
2019). Strong market orientations leave nothing to chance, a product must satisfy cus-
tomer’s needs to succeed in the marketplace (Mital, Desai, Subramanian, & Mital,
2008). Strong market orientation is important in developing superior products, which
is described as a key factor in successful product development (Cooper, 2019; Cooper
& Kleinschmidt, 1995; Mital et al., 2008). Superior products can be characterized by
the uniqueness of the product, how the product meets customer needs, offer product
benefits superior to competitors’ products by unique features and attributes, and high
product quality perceived by the customer (Cooper, 2019; Mital et al., 2008). Thus,
developing superior products requires a thorough understanding of the current and
potential competitive landscape, changes in the market, and information about what
the people need and want.

In the generic concept development process prescribed by Ulrich and Eppinger (2016),
establishing the requirements is sequential to the identification of customer needs, and
it involves the translation of user needs into metrics to guide the subsequent steps in
the development process. Ulrich and Eppinger (2016) suggest that team members who
have not been involved in the identification and translation of customer needs and set-
ting the requirements specification should be familiar with the preceding activities and
results, to ensure that the customer perspective is integrated when generating concepts.

4.3.3 Methods for market and customer understanding

A better understanding of the different types of customer and user needs can be
achieved by using the Kano model, see Figure 4.6. The Kano model distinguishes
three types of product requirements that influence customer satisfaction when met
(Matzler & Hinterhuber, 1998; Kano, 1984). The Must-be type is the basic criteria
of a product that the customer takes for granted. These requirements are not ex-
plicitly expressed, but If not fulfilled, the customer will be dissatisfied. Performance
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types represent the requirements that are explicitly demanded and expected by the
customer, and the satisfaction is proportional to the level of fulfillment. Delighters
are the requirements that are neither explicitly expressed nor expected by the cus-
tomer. Fulfillment of these requirements leads to more than proportional satisfaction.
If not fulfilled, the customer will neither be satisfied or dissatisfied. Distinguishing
the different types of customer and user requirements can support understanding and
prioritization of what needs to be addressed in the development from a competitive
perspective.

KANO MODEL

Satisfied Delighters

Performance

__/

Not fulfilled Fulfilled

— Must-be

Dissatisfied

Figure 4.6: The Kano-model (after Matzler and Hinterhuber, 1998)

Requirements specifications can be used to communicate measures for the competitive
positioning that has been agreed on before entering the development process. The
metrics for competitive positioning require information of competing products on the
market, both internal and external, which can be done by conducting a competitive
benchmark. It provides a point of reference to measure and judge product quality, and
understanding the relationship of new products to competitive products is paramount
in determining commercial success (Cooper, 2019; Ulrich & Eppinger, 2016; Otto &
Wood, 2000).

4.4 Functional analysis in concept development

Functional analysis is essential in concept development as it facilitates the generation
of concepts that address key properties and functions that need to exist in order to
develop purposive products. The analysis helps to understand the functions of the
product as well as clarifies what and where the problem or challenge that must be
handled during the concept development process is. According to Ulrich & Eppinger
(2016), an ideal input for functional analysis is a requirements specification.

In concept development, functional analysis can be done in different ways. The funda-
mental idea of functional analysis is to explain the behavior of a system or a product
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without expressing any geometry. The goal is often to simplify reality and thereby
enable an analysis of how the system or product works as well as what it should do
(Miiller et al., 2019; Raudberget, 2015).

Several design challenges can tend to be too complex to solve as a single problem and
therefore it can be beneficial to divide the problem into simpler sub-problems that are
easy to manage and solve in a focused and concentrated way. A complex system or
product can consequently be seen as a collection of smaller and more focused design
problems. Sometimes a system or product easily can be decomposed into sub-problems
but sometimes it can be more difficult, the simpler the system or product the more
difficult it may be to decompose it (Ulrich & Eppinger, 2016). Decomposition is most
valuable for technical systems or products, but can also add value to simpler and ob-
viously non-technical systems or products (Pimmler & Eppinger, 1994).

When decomposing, either functional or physical elements can be used (Pimmler &
Eppinger, 1994). Where a functional element is described with verb 4+ noun and a
physical element is described with a physical part, component, or sub-system that
realizes the functions of the system or product (Pimmler & Eppinger, 1994; Ulrich
& Eppinger, 2016). However, there is a distinct difference between what is most ap-
propriate to use depending on the situation. In a situation where product design is
unknown, it is difficult to decompose into physical elements since they are not defined,
functional elements are then appropriate. In incremental or derivative projects, when
the design is known, it may be easier to decompose into physical elements. When the
decomposition is complete, the physical elements can be replaced with functional ele-
ments, as functional elements support a more innovative design exploration (Pimmler
& Eppinger, 1994). The methods and tools described assume that decomposition takes
place in functional elements, however, they can be replaced by physical elements.

There is no correct way to perform a functional analysis. It is suggested that a draft
be created first and then refined until a desired result has been achieved (Pimmler
& Eppinger, 1994). An advantage of functional analysis is the opportunity to make
conscious choices of areas that are considered most critical to the product’s success
or are likely to benefit from an improvement, thus can be addressed first (Ulrich &
Eppinger, 2016).

4.4.1 Methods and tools for functional analysis

Functional analysis through black-box model

One way to perform a functional analysis is through the black-box model, where the
function(s) are represented in a box that works on energy, materials, and signal flows.
The black-box model is advantageous if a product transform something. The lines
that pass through the box represent the transfer and conversion of energy, movement
of material as well as control and feedback signals. When using this model, it is advan-
tageous to first define the product’s overall function. Then a functional decomposition
can be made on the overall function by dividing it into sub-functions. By doing that,
a more specific function description of the system or product is obtained, where each

29



4. Theoretical frame of reference

sub-function can be handled separately. Sub-functions can be divided into additional
sub-functions, thus the decomposition can be repeated until each given sub-function
is considered easy to handle. Creating between 3 and 10 sub-functions in the black-
box is considered a good rule of thumb (Ulrich & Eppinger, 2016). In Figure 4.7 the
black-box model can be seen.

Input Output
Black-box

Energy Sub- Sub-
function 1 function 4 \

Material Sub- Sub- Sub- Energy, Material
function 2 function5 | | function 7

i Sub- - Signal

Signal u Sub

function 3 function 6

Figure 4.7: The black-box model (after Ulrich and Eppinger, 2016)

Functional analysis through hierarchic tree model

Another way to perform a functional analysis is through a hierarchic function tree
model. This model is advantageous if product does not clearly transform something
or if it is difficult to identify sub-functions in a chronological order, which is needed
when using the black-box model. The hierarchical tree model is a structure where
the main function or the overall function is defined at the top. The overall function
is then decomposed into subordinate functions, thus placed below the function of the
superior in the tree model. Sub-functions can generally be decomposed into additional
sub-functions as in the black-box model. The decomposition can be repeated until
each sub-function is considered easy to handle (Hubka & Eder, 1988; Pimmler &
Eppinger, 1994; Miiller et al., 2019). The tree model can be used to describe the
product architecture, discover where the most critical problems are located as well as
visualize a potential segmentation of a product and thus prepare it for modularization
(Miller et al., 2019). In Figure 4.8 the hierarchic function tree model can be seen.

Figure 4.8: The hierarchic function tree model (after Hubka and Eder, 1988)
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Functional analysis through function means model

A third way is to use a function means model which is an extended variant of the hier-
archical tree model, it is based on the same principle but each subordinate function is
determined by a chosen mean (Hubka & Eder, 1988). A mean is explicitly defined as
a technical solution to each given function and does not necessarily need to refer to a
specific physical part. The description of a mean should be expressed short but some-
times a more comprehensive explanation is needed (Miiller et al., 2019). Depending on
how many levels the tree model is, the lowest level can possibly describe the system or
product at the lowest level of abstraction, which is very close to its geometry (Miiller,
Siiskonen, & Malmqvist, 2020). In Figure 4.9 the function means model can be seen.

The main advantage of this model is that it visualizes that the choice of a certain way
of achieving a function leads to an additional subordinate function must be presented,
to which a new mean must be sought. This entails an understanding that a certain
type of mean affects which functions the system or product requires, thus functional
requirements emerge (Malmqvist, 1997).

Function
1
Function Function Function
I . 1 I
Function

Figure 4.9: The function means tree model (after Miiller et al., 2019)

Functional analysis through enhanced function means model

The enhanced function means model is a more comprehensive variant of the function
means model where constraints that the means need to adapt to and interactions with
other means are included in the model (Miller et al., 2019, 2020). This insertion
enables an explanation of underlying requirements for the means and interactions be-
tween, which in turn can explain why compromises have been made or need to be
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made. Thus, the model can contain information about why things are and why things
are as they are or need to be (Miiller et al., 2020). The enhanced function means tree
model is illustrated in Figure 4.10.
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Figure 4.10: The enhanced function means tree model (after Miiller et al., 2019)

4.5 Concept generation in concept development

Concept generation is the core of concept development and as the name implies, the
purpose is to generate product concept(s). There are two main approaches to generat-
ing concepts, either through systematic or creative methods. It should be emphasized
that either both approaches or one of them can be used when generating concepts in
a project(Yang, 2009). When using systematic methods, it is often very fruitful to
make use of creative methods since they facilitate the generation of new ideas and
ways of thinking. In the literature, a large number of methods aimed to support con-
cept creation are described. However, there are few studies that have examined the
applicability of the methods in industrial settings. As a result of this, there is a lack of
recommendations on which methods should be preferred or how to implement them.

The approaches described in Section 4.2, Point-based and Set-based relate to concept
generation in different ways. When a point-based approach is used, the aim is to
generate few concepts while the aim with Set-based is to generate sets of concepts
where many alternative concepts are represented. Generating sets of concepts support
the exploration of the solution space to a greater extent. In the literature, there is a
lack of descriptions for how to generate several alternatives, which can make it difficult
to implement a set-based approach. Al-Ashaab et al. (2013) claims that there currently
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are no clear guidelines in the literature for how to implement a set-based approach in
practice. He believes that there is a need for a step-by-step guide that explains tools
and methods for generating alternative solutions and how the alternative should be
handled throughout the product development process.

4.5.1 Methods for concept generation

The methods that are being mentioned here are primarily used and intended for the
development and design of new products. But still, they can be useful when optimiz-
ing already developed products or when patents belonging to a competitor have to be
evaded (Pahl, Beitz, Feldhusen, & Grote, 2007). This implies that the methods chosen
to be used may need to be adapted to and used in accordance with the scope of the
project.

Gathering the latest information and knowledge about how the same or similar design
problems have been solved can provide inspiration and new perspectives. Searching in
literature and among patents, exploring products from competing companies, products
within the company, similar products or units where certain sub-functions and parts
of the functional structure correspond to those for which a solution is sought may
be worthwhile at the beginning of concept generation (Pahl et al., 2007; Ulrich &
Eppinger, 2016). Pahl et al. (2007) states that an analysis of existing products can
be one of the most important contributions to generating new or improved solutions.
Furthermore, Ulrich and Eppinger (2016) describe that interviews with lead users,
those who discover needs long before the majority of the market, can be useful in
concept generation. In many cases, these users have already come up with solutions
to meet their needs, hence inspiration can be taken from them.

4.5.1.1 Systematic concept generation methods

Systematic methods are based on the deliberate generation of solutions step by step.
Sub-solutions are generated, which are then combined and constitute total solutions
(Pahl et al., 2007). Pahl et al. (2007) claims that systematic methods are discursive
bias, where intuition is not excluded but only occurs in individual steps and not in-
fluences the execution of the overall task. According to Ulrich and Eppinger (2016),
systematic methods enable easier navigation of possible concepts by organizing and
synthesizing sub-solutions into total solutions.

Concept creation through combination table

The combination table or often referred as morphological matrix is a systematic method
for creating concepts and a way of organizing thinking and guiding a group’s creativ-
ity (Ulrich & Eppinger, 2016). The basis for the method is the functional analysis
(see section 4.4 Functional analysis in concept development) since the main function
needs to be divided into manageable sub-functions. A morphological matrix supports
a systematic approach where possible sub-solutions for each given sub-function are
generated, which are then combined into total solutions (Pahl et al., 2007). Figure
4.11 shows the morphological matrix. The idea with a morphological matrix is to
systematically generate several total solutions by selecting one sub-solution from each
row. When a morphological matrix is used, one should be aware that the number of
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sub-functions should preferably not exceed three or four to be a practically manageable
method (Ulrich & Eppinger, 2016).

Function Solution

Sub-function 1 Sub-solution A1 Sub_s#ution B1 Sub-solution C1

Sub-function 2 Sub-sohd( Sub-solution B2 Sub-solution C2

Sub-function 3 Sub-solution A3 Sub-solution B3 \M&Qtion Cc3

.t
i

Sub-function n Sub-solution An Sub-solu&toh Bn Sub-solution Cn

Figure 4.11: The morphological matrix (after Pahl, 2007)

A morphological matrix facilitates the generation of as many fundamentally conceivable
solutions to a problem as possible, which is the method’s main advantage. However,
it should be emphasized that sub-solutions that are unfeasible and/or not compatible
with each other should not be combined and the number of combination that needs
to be considered could drastically be reduced (Pahl et al., 2007; Ulrich & Eppinger,
2016).

4.5.1.2 Creative concept generation methods

Finding solutions to problems often happens through a humans’ intuition, solutions
come relatively quickly after a moment of reflection. Creative methods are based on
this intuition in humans, where solutions are generated based on a feeling, previous
experiences, knowledge, and creativity. According to Pahl et al. (2007), creative meth-
ods are considered intuitive bias and many of the methods involve group dynamics
with loose structures to facilitate creativity and innovation. Below, Brainstorming,
the 6-3-5 method, Gallery method, which are three creative methods will be described.

Concept creation through brainstorming

Brainstorming is a method used to generate many new ideas in a group of open-minded
participants, where all thoughts and ideas are allowed to emerge. To get the most out
of a brainstorming session, it is important how the group is composed, optimal behav-
ior of participants has clarified as well as that a leader has been appointed. The group
should consist of five to 15 people, fewer than five constitute a spectrum of opinions
and experiences, and more than 15 increase the risk of individual passivity. Among
the participants, as many fields as possible should be represented. The leader is re-
sponsible for the invitation, composition, duration, evaluation, and ensuring that the
atmosphere remains free and easy. During the session, all participants mustn’t judge
or reject ideas that are considered unrealistic, stupid, or already tried. All ideas should
be written down, recorded, or sketched. The session duration should be between 30
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to 45 minutes. The last thing that happens is that the ideas are examined together
with the whole group to avoid possible misunderstandings or one-sided interpretations.
New and improved ideas can then also be expressed.

According to Pahl et al. (2007), Brainstorming is very useful for generating totally
new ideas and ways of thinking, but ready-made solutions that are both technically or
financially feasible can not be expected through just a brainstorming session.

Concept creation through 6-3-5 method

The 6-3-5 method is a developed version of Brainstorming. It starts with that six par-
ticipants familiarize themselves with the task and then each of them writes down three
solutions which they then pass on to the respective neighbor. The solutions that each
participant receives are further developed, this continues until the solutions return to
the original creator and have been processed by the other five participants (Pahl et al.,
2007), hence the name 6-3-5 method.

The main advantages over brainstorming are that the 6-3-5 method supports a system-
atic way of developing ideas and in addition, it is possible to follow the development
of an idea. The 6-3-5 method is not an overt group activity and each participant
generates ideas in their solitude, thus there is a risk of reduced creativity among the
participants (Pahl et al., 2007).

Concept creation through gallery method

Another creative method is the gallery method and is a combination of group and
individual activities, where all participants work with the same problem but sketch so-
lutions on separate sheets of paper. All sheets are then hung on a wall, where the group
can observe and discuss them together. The purpose is to identify complementary or
improved ideas, as well as completely new ones. The insights from the discussions are
then further developed individually and all modified or new ideas are hung on the wall.
The last activity is the selection, where promising solutions are identified (Pahl et al.,
2007).

The gallery method has the following advantages; group work takes place without
unduly lengthy discussions, a large number of ideas can easily be placed on the wall,
sketches enable efficient exchange of ideas, identification of who did what can easily
be traced as well as stored (Pahl et al., 2007; Ulrich & Eppinger, 2016).

4.6 Decision-making in concept development

A central part of concept development is the process of decision-making and selec-
tion of concepts for further investigation, testing, or development (Ulrich & Eppinger,
2016; Mattson & Sorensen, 2019). The process of decision-making can be supported
by different methods that aim to identify a concept that fulfills users’, customers’, and
other stakeholders’ needs to select the most promising product concept to spend the
resources on (Raudberget, 2015; Ulrich & Eppinger, 2016). However, in the concept
development stage sufficiently high level of detailed information of the product con-
cepts is not obtained when a decision must be made, which can make the process of
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decision-making very difficult.

4.6.1 Decision points

Depending on the approach that is used for undertaking concept development work,
the decision point of concept selection differs. For the set-based concurrent engineer-
ing approach, the decision point is delayed until enough information is available, in
opposite to the point-based approach, where the decision for concept selection is made
early in the process when knowledge is incomplete (Ward & Sobek II, 2014; Morgan &
Liker, 2006). In set-based concurrent engineering, the decision-making process is not
a process for selecting the most promising concept, but rather a process of deciding
on rejection of concepts, leading towards convergence to a final concept superior to
others. Thus, the focus is to eliminate concepts that are proven unfeasible according
to relevant criteria at the current state of development, rather than selecting the most
promising concept based on incomplete information (Raudberget, 2015).

Delaying the decision point, as done in set-based concurrent engineering, can be con-
sidered to have a negative impact on development speed and increase development
cost, and at the same time be considered as very efficient. Ward and Sobek (2014)
claim that the process of considering many alternatives and delaying the decision point
increases the speed of the development process because learnings and knowledge that
has been built helps to prevent costly and time-consuming late-cycle design changes.

4.6.2 Methods for decision-making

Different methods that support the decision-making process exists, Tuble 4.2. The
methods vary in their effectiveness and may not be suitable for making adequate deci-
sions. Decision matrices are found to be effective methods for a structured evaluation
and decision-making process and will be further described in this section.

Table 4.2: Methods supporting the decision process (Ulrich and Eppinger, 2016)

Methods supporting the concept decision process

Concepts are turned over to the customer, client or

some other external entity for selection.

An influential member of the product development team
chooses a concept based on personal preference.

The concept is chosen by its feel. Explicit criteria or
trade-offs are not used. The concept just seems better.

Each member of the team votes for several concepts.

The concept with the most votes is selected.

Using an online survey tool, each concept is rated

by many people to find the best ones.

The team lists the strenghts and weaknesses of each

concept and makes a choice based upon group opinion

The organization build and tests prototypes of each concept,
making a selection based upon test data.

Decision matrices: | The team rates each concept against prescribed selection criteria.

External decision:

Product champion:

Intuition:

Multivoting:

Web-based survey:

Pros and cons:

Prototype and test:
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4.6.2.1 Decision matrices

Decision matrices are structured methods that provide several benefits; support con-
current evaluation of several alternatives, effectively integrates different perspectives,
documentation of decision process, and provide a good overview of a great amount of
information (Ulrich & Eppinger, 2016; Mattson & Sorensen, 2019). Different matrices
can be used for different purposes and this section briefly described three different
methods; Concept selection matrix, Elimination matrix, and Pugh-matrix.

Concept selection matrix

A concept selection matrix is a tool that helps to catalog and organize collected
thoughts, ideas, and solutions (Schipper & Swets, 2012). The matrix is beneficial
for the evaluation of many ideas at once and provides a better picture of deficiencies
and superior solutions. It is also working as a historical record for future reference of
how concepts fulfill certain attributes. The generated concepts are evaluated and rated
against key attributes that consider different types of wants, such as organizational,
customer, or any other wants necessary to be included or fulfilled by the product to
be developed. Schipper and Swets (2012) describe that the concept selection matrix is
a great tool to include in the lean product development toolbox, for use in the early
stages of development to capture and compare ideas.

Elimination matrix

An Elimination matrix is a decision method used for the removal of disqualified so-
lutions. Solutions are evaluated concerning the fulfillment of requirements and other
criteria considering general aspects such as reasonable cost, fit into the product port-
folio, and if it is realizable. A solution is considered disqualified if it does not fulfill the
requirements and criteria. The method may constitute a strong filter and is suitable
to use as an initial step in the decision-making process if a comprehensive number of
alternatives are to be evaluated.

Pugh-matrix

The Pugh-matrix is a well-known method for evaluation, with the aim to compare and
select the most promising concept among a set of alternatives (Pugh, 1990). The eval-
uation with Pugh-matrix is relative using a datum, a reference solution, to which the
alternatives are compared as better (+), same (S), or worse (-) than the datum with
respect to different criteria. The results from the comparison provide a base for discus-
sion of the different concepts’ strengths and weaknesses and can serve as guidelines for
improvements of the concepts (Ulrich & Eppinger, 2016; Raudberget, 2015). An im-
portant feature of the method is the relative comparison between individual properties
of the design since it is easier for humans to compare a solution to a datum than it is
to evaluate a numerical score. Traditionally, the method aims to select concepts, but
the method also allows to be used for the elimination of concepts. Strom, Raudberget
and Gustafsson (2016) describe how the methods can be used in projects conducted
with a set-based approach, by an inverse Pugh-matrix used to eliminate concepts in
the process of narrowing sets of alternatives.
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4.7 Summary of Theoretical frame of reference

Chapter 4 has presented a theoretical frame of reference relevant to the scope of the
project in terms of design theory and methodology related to concept development,
two main approaches to concept development, as well as requirement management,
functional analysis, concept generation, and decision-making in concept development.

The design theory and methodology related to concept development describes a generic
product development process, to put concept development into context. Further, a
generic concept development process is described. For the two main approaches to
concept development, point-based and set-based are presented with descriptions of
their strength and weaknesses. The later sections in the chapter, concerning require-
ments management, functional analysis, concept generation, and decision-making in
concept development, present the purpose and roles of each respective area within
concept development accompanied by methods and tools.

The theoretical frame of reference highlights important aspects to consider for the
development of the Toolbox and methods and tools that serve as the basis for the pro-
posed methodology. Further, it serves as a reference basis for analyzing and discussing
findings.
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This chapter presents the results of this thesis. Firstly, the findings related to the
current situation at Husquarna Construction Products are presented. Lastly, the results
of the creation process of the Concept Development Toolbox are presented.

5.1 Current situation at Husqvarna Construction
Products

The interviews that were conducted during the second phase of our research process
resulted in different findings related to the current situation at Husqvarna Construc-
tion Products. In this section, the findings are presented following four significant
themes: Approach to concept development, Frontloading, Integration of perspectives,
and Documentation.

5.1.1 Approach to concept development

Husqvarna Construction Products does not have one common approach to concept
development, currently, it is up to the individuals in each project to decide how to
conduct the concept development work. The interviews made it evident that concept
development is approached in several different ways and there is a lack of consistent
execution, choice of tools and methods, and how and where the decision-making take
place.

5.1.1.1 Efforts for structured development

At an organizational level, there is a willingness to implement a more structured con-
cept development approach. This has been done by encouraging the employees to use
a more structured approach to concept development. A concrete example of this is the
instructions in the Product Creation Process where the employees are encouraged to
use set-based concurrent engineering when concept development is carried out.

Furthermore, an inspirational lecture about set-based concurrent engineering is held
regularly. The aim of the lecture is to create an understanding of the approach and
associated benefits. During the lecture, a practical example of how to apply the ap-
proach in a concept development project is presented. However, the example is based
on a flashlight and not a Husqvarna product, which several interviewees pointed out
as a disadvantage. They mentioned that functional analysis, generation, and evalua-
tion of concepts look very easy when the example is demonstrated because it is done
on a simple product. The products at Husqvarna Construction Products are much
more complex and the majority of the interviewees do not know how to practically
use set-based concurrent engineering in concept development projects. However, some
interviewees are in favor of using set-based concurrent engineering.

During the interviews, it became known that there is a template available as sup-
port when using set-based concurrent engineering in concept development projects.
However, it turned out that not all interviewees were aware of the existence of the
template.
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5.1.1.2 Different approaches

Point-based approaches are common for concept development work conducted at Husqg-
varna Construction Products, though the term point-based was not explicitly used by
the interviewees. It was described that concept development work often begins with a
requirement specification from product management as input, followed by a session of
generating a few alternative ideas and then quickly selecting the idea that was consid-
ered the best, for further development and evaluation.

It was described that the activity of idea generation for concepts usually is not per-
formed thoroughly or systematically, and rarely considers the exploration of different
alternatives. Hence, the generated concepts are usually based on solutions that the de-
velopment team already has the experience and knowledge of. The decision of concept
is similar to theoretically described methods presented in section 4.2, referred to as
intuition- and product champion method. The selection of concepts is made based on
feeling of the ones that seem the best or based on personal preference by an influential
member of the team.

Some interviewees had experienced working with set-based approaches, which included
working with the set-based concurrent engineering approach and template available at
Husqvarna Construction Products. It has received both positive and negative feedback.
Some explained it to be too complex to follow and did not really understand the
purpose or value of it, while others were more enthusiastic about it and had received
great results from following the approach. The part of generating sets of concepts and
perform evaluations for each concept was mentioned too comprehensive for large and
complex systems, but well suited to use for sub-systems.

5.1.1.3 Methods and tools

The Product Creation Process defines the deliverable from concept development but
leaves out information on how to achieve them. Different tools and methods are, in
some cases, suggested in the Product Creation Process, but there are no clear instruc-
tions or guidance explaining how to use them. This presumes that the people working
with concept development either have previous knowledge and experience or that time
is spent on familiarizing themselves with the suggested methods and tools.

Depending on previous experience and knowledge, some are more familiar to estab-
lished methods and tools that support concept development execution and make use
of it in their projects, e.g., personas was used as a tool to get a better understanding of
the customer. It is also evident that different established methods and tools are being
used, without consideration of it as a tool or method. E.g., investigating competitors’
products to get a better understanding of the market is done, but without considering
it to be the method of competitive benchmark. Instead, it is considered to be an ac-
tivity that is necessary to perform and is done without reflecting.

Among the engineers at Husqvarna Construction Products, it is evident that there
are different levels of knowledge and experience connected to concept development
methods and tools. Depending on that level, methods and tools can be perceived as
complex and difficult to use in concept development work. If there is no previous
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knowledge and /or experience about certain methods and tools, it takes time and effort
to get familiar with them, time and effort that not exist when there is a tight time plan.
It is mentioned that there is a reluctance to use methods and tools that seem complex
and/or time-consuming. Furthermore, it is mentioned that it is desirable regardless of
the level of knowledge and experience, that the methods and tools should be lean and
pragmatic.

5.1.1.4 Adaptation of processes

Different experience and background of working with concept development are evident,
some prefer to work structured and with defined methods, while others preferred to do
it the way they have always done it. It was mentioned throughout the interviews the
importance of having processes that allow for adaptation, it should work as a support
for execution and not something that one must follow strictly. Otherwise, it could
lead to resistance to work accordingly to the prescribed process. The expressed need
for process adaptation also relates to project type, since different types of projects
require to be approached differently. As for Husqvarna Construction Products, it was
mentioned that most of their concept development projects considered refinements
of already existing products where either new opportunities or problems have been
identified. The input to those projects are requirements, which corresponds to project
types that are market-pull or customized-driven. However, sometimes projects of new
technologies or breakthrough products occur which then corresponds to project types
technology-push.

5.1.2 Frontloading

Tight time plans and demands to deliver results quickly in projects have been high-
lighted by certain interviewees as a major reason for not working more structured
and extensively with concept development and associated activities. There is simply
no time to use methods and tools to investigate and determine the challenge of the
project, understand the system’s functions, search for alternative solutions and possi-
bilities. Instead, the majority of R&D teams choose the first best solution they come
up with in order to deliver results within the time plan.

However, the view of tight time plans not allowing to work with structured approaches
and more extensively, is not shared by everyone. Others claim that it is acceptable to
overrun time plans by working more structured and extensively in the early phases of
development projects if it results in a better outcome. Thus, there is a discrepancy
in the views of what drives concept development work; keeping time plans or deliv-
ering better results. Reflecting on the scope of this master thesis, the project aims
to improve the execution of the concept development projects, rather than analyzing
the organizational views of front-end activities and the creation of time plans during
concept development projects.

It is mentioned by several interviewees that problems often arise in the later stages of
the product development process. These problems can often be related to decisions
made in earlier stages. At the moment, there are several employees who spend a
lot of time solving problems and "putting out fires", this is very time-consuming and
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prevents the employees from performing the tasks they are supposed to do. In addition,
problems discovered in the later stages of the product development process can affect
project lead times. Some interviewees think that too much time is spent on "putting
out fires" in the later stages and think that this could have been avoided by prioritizing
front-end activities.

5.1.3 Integration of perspectives

Through the interviews, it was found that the integration of different types of per-
spectives is deficient during the concept development work. Some of the findings are
outside of the scope of the project, but considered significant to mention.

5.1.3.1 Broad system perspective

It was mentioned during the interviews that concept development usually is too narrow
and product-specific, in the sense that the solution to be developed is not considered
for other products, product categories, or systems. Some people claimed that there is a
lack of collaboration between different organizational segments at Husqvarna Construc-
tion Products which has led to similar solutions being developed in different projects.
Having a broader perspective and consider other areas and products before initiating a
concept development project could have positive effects on resource efficiency and the
development of robust solutions. Facilitating collaboration between different segments
is outside the scope of this master thesis, as the project aims to improve the execution
of concept development projects.

5.1.3.2 Engineering domains

Another challenge discovered was the deficient consideration of different engineering
domains during concept development. The products developed at Husqvarna Construc-
tion Products consider different engineering domains, such as mechanical, software-
and connectivity. Mechanical design often requires longer development lead times in
comparison to software, where testing and changes can be done rather quickly. This
has led to a situation where the software domain is often considered in later stages in
the concept development process. Different engineering domains have different require-
ments and constraints on the solution and considerations to those need to be taken
initially in a project to reduce the risk of problems arising in later stages.

5.1.3.3 User focus

Several interviewees brought up the problem of having too little focus on the end-
user of the intended solution to be developed throughout the development project. A
concept development project begins with inputs from product management in the form
of a requirements specification. Often, the specification consists of requirements that
are too technical or product-specific, making it difficult for the R&D team to trace the
requirements to the actual needs of the user. This results in deficient integration of
user perspective in the concept development process, which is essential to incorporate
since Husqvarna Construction Products claims to develop products with the user in
focus. In the theoretical chapter, section 4.3.2, the importance of a user and customer
focus prevails throughout the development process for product success is described.
Some interviewees described that they put in efforts to build their own understanding
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of the user by testing the product from a user perspective by considering the routine
of usage and the feeling of the product, not just focusing on the functional aspects.
Another interviewee mentioned that they involved Global Design to create personas for
the users, as an effort to incorporate a stronger user focus in the development project.

5.1.4 Documentation

Currently, there is no standardized or obligatory way of documenting the execution,
decision points, and results during concept development at Husqvarna Construction
Products. This means that it is up to the individuals in each project to document
what they think is necessary and thus documentation takes place in different ways and
to different degrees. When there is no defined or standardized way for documentation
during a concept development project, some find it difficult to know what is necessary
to document and neglects it. It is further explained that deficient documentation also
can be caused by not giving documentation high priority when there is time pressure
in projects or when it is not compulsory to document.

5.1.4.1 Information and knowledge capture

It is a widespread view of documentation and the necessity of it in concept develop-
ment. Some interviewees only consider documentation as time-consuming and non-
value-adding because the benefit of documenting information and knowledge that they
already have is not evident. Concerning this, there is a perception among some that
Husqvarna Construction Products relies heavily on the individuals within the company
who carry important information and knowledge about the products they develop.

Others believe that documentation is an absolute necessity, partly for the traceability
of certain decisions but also an opportunity to capture information and knowledge
created during a project that can be reused in other projects and to create design
guidelines. Documentation is specifically pointed out as important for products from
company acquisitions. History of company acquisitions means that a thorough un-
derstanding and knowledge of prior development of certain products might be missed
internally at Husqvarna Construction Products. Hence, there is a need to capture
knowledge and create a knowledge bank for those products.

A project that could have benefited from documentation was mentioned in the in-
terviews, to exemplify the need for information and knowledge capture in concept
development. Late in a product development project, in the New Product Develop-
ment phase, problems with the product emerged and it was found that the chosen
product concept was not an appropriate selection. This led to discussions regarding
the basis and reasons for the concept selection and if any other alternative concepts
were considered. Due to a lack of documentation and recollection of the executed con-
cept development work, it was problematic to find the answers to the questions that
were raised.

5.1.4.2 Means for communication

The aspect of using documentation as a means for communication of the project is
mentioned during the interviews. Unstructured documentation or lack of documenta-
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tion during concept development makes communication about the project’s status and
results at meetings more difficult. Some believe that Husqvarna Construction Products
could benefit from implementing a more structured and mandatory way of document-
ing certain aspects during concept development activities, specifically decision-points,
to ease communication of projects. What is documented can to some extent be used as
visual support at meetings, for that purpose it is important that what is documented is
short and concise, preferably in a table and with colors and figures instead of a report
with comprehensive amount of written information.

5.1.4.3 Storage and accessibility

An aspect that some interviewees have mentioned is access and storage of the docu-
mentation created during concept development projects. Today, there is no common
or defined storage location for documentation of information concerning results and
decision points from concept development. It is mentioned that the documentation is
stored on the employees’ computers, via e-mail conversations, in various cloud services,
or other ways. This is mentioned as a problem as time must be spent either search-
ing for the knowledge created in previous projects or re-creating and gathering the
same knowledge again, which can affect efficiency. However, this master thesis does
not comprise the accessibility- and storage aspect of the documents created during
concept development projects and will not be addressed further.

5.2 Creation of Concept Development Toolbox

This section presents the results of the Concept Development Toolbox developed for
Husgvarna Construction Products to support a purposive and pragmatic way of work-
ing with concept development. The Toolbox consists of a Handbook and Template
that comprise a concept development methodology adapted to the needs at Husqvarna
Construction Products. The Toolbox was developed through an iterative process and
included involvements of candidates from Husqvarna Construction Products. The first
part outlines points of departure for the development of the Concept Development
Toolbox. While the second part describes how the Toolbox has been developed, in-
cluding the proposition of methodology and the design of the Toolbox.

5.2.1 Points of departure

The Concept Development Toolbox aims to support structured and pragmatic concept
development execution, by presenting a concept development design methodology that
is derived from theoretically established methodologies adapted to the current situa-
tion at Husqvarna Construction Products. Hence, the creation process of the Toolbox
has comprised the work of proposing a methodology as well as designing a Toolbox,
that comprises that methodology. An analysis of the theoretical findings in chapter /
and the empirical findings of the current situation at Husqvarna Construction Prod-
ucts in section 5.1, outlaid points of departure for the creation process. Table 5.1
presents important points of the departure assigned for the methodology and Toolbox,
respectively.
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Table 5.1: Points of departure

Points of departure

Methodology

Prescribe activities for how to go from requirements to solution

Provide methods and tools for functional analysis, concept generation and concept decision-making
Facilitate consideration of several alternative solutions.

Support end-user focused concept development

Integrate different perspectives

Allow for adaptation, to be applicable for different project types

Toolbox

Support usage without prior knowledge and experience of concept development design methodologies
Lean content

Support practial application of the methodology

User-friendly, considering format and design

Support purposive documentation

Provide visual means to support communication of project

5.2.2 Proposition of methodology

The proposed methodology is a result of a synthesis process, where theoretical design
methodologies have been adapted to the situation at Husqvarna Construction Prod-
ucts, based on empirical findings from interviews and new insights raised during the
iterative creation process. The methodology comprises methods and tools that are
well-proven in theory and internal methods and tools that are currently used at Husq-
varna Construction Products.

The methodology is presented in four phases that prescribe activities of how to go from
requirements to solutions, see Figure 5.1. Presenting the methodology in four phases
supports structured, focused, and purposive execution. Each phase has a distinguished
purpose and comprises associated methods and tools for purposive development exe-
cution. It needs to be emphasized that the methodology allows for the usage of other
methods and tools that are deemed more suitable by the user, as long as the purpose
of each phase is achieved.

Phase 1: Phase 2: Phase 3: Phase 4:

Understanding the System- and Concept Concept Evaluation
Challenge Function Analysis Generation & Elimination

Figure 5.1: The proposition of methodology defined by four phases

The core of the methodology is to explore broadly, consider sets of solutions, and
gradually narrow the sets by elimination of solutions, leading to convergence towards a
final concept. It is derived from the set-based approach, which supports considerations
of several alternative solutions and prevents the appearance of late changes in the
product development process, which was highlighted as a severe issue in their current
development process.
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5.2.2.1 Phase 1: Understanding the Challenge

In order to develop an innovative and competitive product, it is important to have
sufficient knowledge about the challenge and problem situation, the competitive land-
scape, market and user needs as well as targets for the intended product. At the
beginning of a concept development project, it is important that everyone in the team
has a common understanding of the challenge, what is to be developed, and what
targets the project has. This phase aims to create this understanding and guide the
project in a purposeful direction.

The generic concept development process describes the importance of performing activ-
ities to identify customer needs and establish the target specification early in a concept
development project. Identifying customers’ needs early allows the development team
to take their needs into account early in the development before product design has
been established. To understand what the product must do to fulfill the customers’
needs, they need to be translated into technical terms, which will end up in a target
specification.

In this phase, the activities that the generic concept development process advocates
that one should do have been collected. The phase is named Understand the Chal-
lenge and four tools are presented, which aim to serve the purpose of the phase. The
expected outcome of this phase is a concretized problem and key-requirements.

This phase was originally called Understanding the Problem but was changed to Un-
derstanding the Challenge, because the majority of candidates from Husqvarna Con-
struction Products considered it more suitable. The reason for this is that engineers
who execute concept development projects at low TRL do not usually work with prob-
lems, but instead investigate opportunities and challenges. Thus, the change of name
was considered an appropriate measure to make it more relatable to people.

Problem description

A problem description will help the team to concretize the problem or challenge by
considering the problem itself and its context. When the team formulates a problem
description, there is an opportunity to discuss, reflect and analyze the problem to be
solved. This allows all members to create a common understanding but also guides
upcoming activities.

In order to create a comprehensive and concrete description, one can think about
where and when the problem is relevant, how it happens, if there are any specific
challenges, and who the customer or user of the solution could be. In a few concept
development projects at Husqvarna Construction Products, similar descriptions have
been made. The description was then created by the team, and the overall target of
the project was described in 1-2 sentences. The problem description proposed in this
phase should provide a more comprehensive understanding, where both the problem
itself, its context, and potential customers and users can be analyzed.
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Competitive benchmark

Competitive benchmarks can be used to create an understanding of the competitors’
products and technologies as well as your competitive position. By understanding
the competitors’ products and what is available in the market for the customer, there
is a great opportunity to develop superior products and gain a strong market posi-
tion. Benchmark is a beneficial tool for identifying distinctive features of products in
a structured way, understanding why certain products are successful and re-use some
of the successful properties in the product that intends to be developed. A benchmark
can provide points of reference to measure and judge the product quality, value, or
performance of the product that intends to be developed. Points of reference, values,
and other relevant aspects found through a benchmark should be reflected in key-
requirements. In addition, benchmarking can be used in order to find inspiration on
how the same or similar problems have been solved and ideas that have arisen can be
used in the third phase where concept generation takes place.

Benchmarking is an established tool that many engineers at Husqvarna Construction
Products are familiar with. In cases where a benchmark is performed at Husqvarna
Construction Products, it is performed in the beginning of the concept development
process to get an understanding of how similar problems are solved today and how
competitors solve the problem.

Voice of customer with Kano model

In order to develop competitive products it is crucial that the development team focus
on the market and user, the focus should prevail throughout the entire concept devel-
opment project. Considerations of the market and user needs must be taken before
the product design has been decided. So, before starting developing it is important
that everyone within the team actually understands the market and user. This activity
aims consideration and reflection of the market and the user.

This activity should help the RD team and the project manager to involve market
and user perspectives in the upcoming activities and phases. It does not include any
collection of new user data to derive users’ needs, but rather the aim is to enforce
reflection on the existing data that the product manager and/or global design has al-
ready collected. Husqvarna Construction Products states that they develop and sell
user-centered products. To ensure that user-centered products are developed, there
must be a user focus throughout the development process.

The interviews made it evident that there is a need for having a greater user focus
when developing products. During the evaluation process, one of the candidates men-
tioned that the Kano-model could be an appropriate tool to make use of in order to
reflect on the users and their related needs. The tool had previously been used in a
concept development project on the initiative of the engineers and led to an increased
user understanding.

Involving market and user perspectives early in the concept development process can

help discover and determine unmet needs. With the help of the Kano model, the
team can distinguish between different types of user needs and thus aim to satisfy the
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needs in the categories of performance and delighters and ensure that must-be needs
are satisfied by the product. All relevant needs identified in this activity should be
reflected in key-requirements.

Key-requirements

The phase ends with a compilation of key-requirements, specifying what needs to be
addressed during the development. Key-requirements bring clarity to the task and
guide the project in the right direction, and in the end, they are used as criteria for
concept evaluation and elimination.

The key-requirements should consider the requirements specification provided by the
product manager, the outcome from competitive benchmarking, the voice of the cus-
tomer with the Kano model and other relevant aspects. The key-requirements must
reflect different stakeholders, by documenting why or whom it is derived from, it is
possible to keep track of which stakeholders are reflected in the key requirements. Key-
requirements should be revisited throughout the whole concept development process,
either new ones can be added or old ones can be refined when new information and
knowledge is available.

Key-requirements consist of items, in this case, both requirements and wishes. Both
key-requirements and items have been derived from Husqvarna Construction Products,
which are the terms they use and adapted to suit their corporate language.

Due to the fact that those who have created the initial requirements specification are
not part of the concept development team, it is essential that the team reviews the
specification they have received and compiles the items that are interesting for the
project.

5.2.2.2 Phase 2: System- and Function Analysis

The second phase serves the purpose of identifying focus areas and understanding
product functionality to support solution space exploration. The phase is divided
into two segments, system breakdown, and functional breakdown. Both segments
include product decomposition but are differentiated by decomposition comprising
either physical or functional elements. Decomposing a system is a method for breaking
down a complex problem into more easily managed sub-problems, to solve in a focused
and concentrated way. The outcome of the system breakdown outlays the focus areas
needed to be addressed in the functional breakdown, and the total outcome of this
phase is a system- and functional description.

System breakdown

System breakdown aims to identify critical areas that need further focus and develop-
ment, by the decomposition of a system into physical elements. This was requested,
by the candidates from Husqvarna Construction Products, to be performed before the
functional analysis. The reason behind it is because, at Husqvarna Construction Prod-
ucts, the concept development projects usually derive from already existing products,
described as the project type of customized products in section 4.1.1.1. Hence, the
product structure and the parts of the system are known, and it is easier to begin a
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product decomposition by describing it by the known physical elements.

However, sometimes it is not appropriate to perform a system breakdown preceding the
functional analysis. For projects concerning products or solutions that are completely
new, where the system or product structure is unknown, functional decomposition
might be more suitable as a first step.

Decomposing systems into sub-systems supports the identification of areas that are di-
rectly affected by the problem that the development team is addressing in the project.
Having the system decomposed also helps to perform TRL assessments, to identify
the critical areas that need further focus and the areas that can be carried over from
existing solutions. The identified critical areas are what needs to be addressed in the
upcoming development activities. The tool presented for the activity of system break-
down is called Goal mind map, which is a tool that is internally used at Husqvarna
Construction Products. It is a tool that supports visualization of the decomposed
systems, the critical areas, and the elements that will be carried over.

Another request that appeared during the iterative creation process was to include the
activity of assembling attributes for the defined critical areas. The key-requirements
defined in the first phase are addressing the whole project, hence it necessary to compile
the different attributes that are directly associated with each identified critical focus
area. The attribute can be items from key-requirements, or other items concerning
relevant aspects needed to be considered for the specific area, e.g., constraints such as
the available space for a solution. Attributes can be integrated into the decision-making
process.

Functional breakdown

The functional breakdown aims to provide an understanding of the intended behavior
of the system without expressing any geometry or design solution, to support system-
atic concept generation in the next phase. If critical areas were identified from the
system breakdown, the functional breakdown is performed for each identified critical
area. Otherwise, a functional breakdown can be performed directly for the defined
problem or challenge.

Functional decompositions are abstract representations of the product and its intended
behavior. Described in theory, functional decomposition is a method that supports the
exploration of more innovative solutions in the concept creation phase. It facilitates
consideration and identification of different ways to solve a function, which Husqvarna
Construction Products currently are struggling to do during the conceptual design
phase. Functional decomposition is usually described as an initial part of concept gen-
eration, but this proposed methodology defines it as an own phase, based on that this
activity needs to be emphasized at Husqvarna Construction Products.

The hierarchical tree is the tool presented for the functional breakdown in this method-
ology, due to its simplicity. Other tools, such as the enhanced function means modeling,
were proposed during the iterative creation process but excluded since most of the can-
didates considered it too complex and comprehensive. Further, solutions should not be
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considered until the next phase of concept generation, hence function means-modeling
is not suitable during this phase since it can lead to solutions being considered when
defining means for the functions.

5.2.2.3 Phase 3: Concept Generation

The third phase serves the purpose of exploring the solution space by generating sets
of concepts. The phase is divided into two activities, sub-solution generation, and
concept creation. The phase begins with sub-solutions generation, where the aim is
to freely generate sub-solutions to each sub-function, which is derived from the func-
tional breakdown from the previous phase. Continues with concept creation where the
sub-solutions are combined into total solutions. The outcome of this phase is several
alternative concepts, minimum of three. The reason why there is a minimum of three
is to indicate that at least a couple of alternative concepts must be created in this
phase. Otherwise, the purpose of exploring the solution space by generating sets of
concepts is not served.

This phase focuses on presenting a systematic concept generation method and thus
no methods for creative idea generation are presented. It was described that some
engineers may find it difficult working with methods for freely concept generation, as
it can be perceived as too abstract. They need some form of guidance or boundaries for
the concept generation activity, which a systematic method can provide. Furthermore,
the content of each phase should be lean and no one mentioned during the iterative
creative process that they needed explanations on how creative methods should be
performed. The sub-solution generation activity, however, encourages the user to make
use of brainstorming, analysis of competitors’ products as well as search in literature.

Sub-solution generation

The sub-solutions generation aims to freely generate sub-solutions to each sub-function,
which is derived from the functional breakdown. Generating sub-solutions to sub-
problems is beneficial because it helps solve problems in a focused way. The sub-
problems are presented as functional elements, named sub-functions. In this activity,
a combination matrix is used, where sub-solutions from the functional breakdown are
inserted.

In the templates available at Husqvarna Construction Products, it was evident that
they had been using a combination matrix to generate sub-solutions and then combine
them into concepts. Thus, those who have used the templates should be familiar with
the method.

Sub-solution generation can be done to different degrees of detail and can also be an
iterative process. First, different classes or categories of sub-solutions can be gener-
ated, which enables a broad exploration of the solution space and works well when you
are at low TRL levels and aims to explore different sub-solutions. The process can
then be iterated by examining detailed sub-solutions within each category, which will
create more detailed concepts in the next activity.

A request that arose during the iterative creation process was to enable a preliminary
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assessment of each sub-solution against key requirements or attributes, as well as
organizational readiness. It was considered that the preliminary assessment would
provide support for the identification of clearly inferior or unfeasible sub-solutions.

Concept creation

Concept creation aims to create concepts by systematically combining sub-solutions
into total solutions in a combination matrix. This method is used to generate as many
conceivable concepts as possible, to create a set of concepts.

In many concept development projects, all conceivable concepts will not be generated
in the matrix. Combinations that are clearly incompatible or inferior will be excluded,
due to the fact that there is not worth investigating, which relates to the set-based
approach of narrowing the sets of solution. However, it is important to comment on
the reasons for exclusion as well as ensure that the generated concepts represent dif-
ferent principles or classes of concepts. It is important to generate several alternative
concepts, it does not have to be the “best” combination or a combination that is likely
to be the final, what is considered to be the “best” or final combination might not be
true and it requires further evaluation to make those judgments.

Considering how Husqvarna Construction Products develops its products by selecting
critical areas of a product to be further developed, a combination matrix is advan-
tageous. The combination matrix can first be used for each critical sub-system and
create a set of concepts for each. Then the matrix can be used to combine those sets
of concepts for different critical sub-systems, resulting in a set of concepts addressing
several critical areas.

5.2.2.4 Phase 4: Concept Evaluation & Elimination

The purpose of the fourth and final phase presented in the methodology is to sys-
tematically evaluate and eliminate concepts based on knowledge to converge on the
final concept(s). It supports a decision-making process, in which the decision of final
concepts is a result of an elimination process rather than a selection process.

It was found through the empirical findings that one of the severe issues with the
current approach to concept development is that the decision-point of concept usu-
ally takes place early on when sufficient knowledge is not yet obtained and without
considering alternative options. Hence, this methodology proposes that the generated
alternative concepts should be evaluated and systematically narrowed by elimination
if deemed unfeasible or inferior, leading to convergence towards a final concept. The
emphasis is to make decisions based on knowledge and facts.

Different perspectives can effectively be integrated during the decision-making pro-
cess, through reflection in the evaluation criteria used throughout the decision-making
process. The evaluation criteria must reflect the key-requirements defined in the first
phase, attributes from the second phase, and other relevant items needed to be ad-
dressed for decision-making.
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Concept comparison matrix

Decision matrices are effective tools that support systematic evaluation and elimina-
tion of concepts. As described in the literature, different matrices can be found with
distinguished purposes. For this methodology, a concept comparison matrix is pre-
sented as the tool to support the evaluation and decision-making process. A concept
comparison matrix is an appropriate tool for systematic evaluation and elimination,
and it is also beneficial for documentation of the decision-making process since the
matrix is self-documenting. Further, the matrix provides a good overview of a great
amount of information, which can be used as visual means to support communication
of project status.

The methodology presents a concept comparison matrix that originates from a concept
selection matrix that has been used internally at Husqvarna Construction Products but
has been modified following principles from established decision matrices, such as the
Elimination matrix and the Pugh matrix. The concept comparison matrix takes both
requirements and wishes into consideration, and is used to eliminate concepts based
on criteria fulfillment and based on comparison.

Comprising the requirements in the evaluation criteria provides an effective way to
eliminate unfeasible concepts that are not fulfilling what is required of the product.
The wishes support derivation of pros and cons for each concept, and also comparison
of concepts, similar to a Pugh matrix. However, Pugh provides methods for relative
comparison using a reference datum, which is not comprised in the comparison ma-
trix. Evaluation against the different criteria also serves the purpose of identifying
knowledge gaps to bridge. Information and knowledge of the concepts are crucial to
make adequate decisions of elimination and comparisons between the different con-
cepts. Further, the evaluation also provides support for the identification of relevant
modifications or enhancements of concepts.

5.2.3 Concept Development Toolbox

The Concept Development Toolbox presents the proposed methodology, described in
section 5.2.2 Proposition of methodology. The Toolbox consists of two parts, a Hand-
book and a Template. The Handbook aims to describe the methodology, the purpose
of each phase, and how to execute the activities in each phase. The Template aims
to support the execution, facilitate documentation and provide templates for each
presented method and tool suggested in the Handbook. In Figure 5.2 the Toolbox

structure can be seen.
Handbook
Digital guide of how to apply the proposed
concept development methodology

~
Template

Toolbox o i Excel-file with templates for the methods
and tools described in the Handbook,
to support execution and documentation

—

Figure 5.2: The Toolbox consists of a Handbook and a Template
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The Toolbox has been divided into two parts for different reasons. One reason being
that the information included in the Toolbox is extensive and to present it in one place
was considered inappropriate, due to users perceiving it as too complex and compre-
hensive to take in. Another reason is that the information also addresses different
aspects, one being the theoretical aspect and another is the practical aspect. Hence, it
was decided suitable to divide the information and present it into two parts. It should
be emphasized that the Handbook and the Template complement each other. In a
concept development project, they should be used simultaneously to ensure that the
methodology is applied correctly. However, when the methodology has been used in
several concept development projects and there is enough knowledge and experience,
only the Template can be used.

To make the Toolbox user-friendly, both Handbook and Template follow a structure
based on the four phases of the methodology. Each phase is assigned a different color,
which is used to color-code the different sections related to each phase. The color
codes and names of the sections and activities are the same in both the Handbook and
Template.

The Handbook and Template are presented in the file formats Microsoft PowerPoint
and Microsoft Excel, respectively. These are established file formats used at Husqvarna
Construction Products. Presenting the Toolbox in digital format facilitates accessibil-
ity for users since it can be stored and shared easily through SharePoint and/or email.
Digital format in combination with established file formats also facilitates and enables
the users at Husqvarna Construction Products to change, add, and/or update the
Toolbox themselves.

5.2.3.1 Handbook

The Handbook is a digital guide that aims to give the user an understanding of the
methodology regardless of the user’s previous knowledge and experience of design
methodologies. The Handbook describes the purpose and importance of each phase in
the methodology, instructions for execution of each phase, how the suggested methods
and tools within each phase should be used, and what the expected outcome is. The
complete Handbook can be seen in Appendiz A.

Handbook structure

The Handbook is divided into different segments and chapters. It begins with a presen-
tation of general information of the Handbook, the usage and application, and the core
of the methodology, to provide the prerequisites essential for the appropriate usage of
the Handbook. The chapters are presenting the phases of the proposed methodology,
where each phase is assigned a chapter. Each chapter follows the same structure of
presenting theoretical information about the phase and also explanations of how to
execute the methods and tools proposed in each phase, see Figure 5.3. References and
appendix can be found at the end of the Handbook.
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Comnatit

B 1. Understanding the Challenge
Phase 1

Problem description

iua hanchmarkina

1.2 Competitive benchmarking L |

Understanding o

Selection of content

From the findings from the interviews and the creation process, it was found that
the Handbook should not comprise too extensive content to support the reading and
grasp of it. Hence, the content should be balanced and comprise the least amount of
information necessary to support understanding of the methodology and why and how
to execute each phase. Thus, the content mainly focuses on descriptions of the purpose,
benefits, execution, and expected outcome, of each phase and associated methods and
tools, see Figure 5.4. Descriptions of other aspects, such as theoretical backgrounds
and challenges, may provide a more thorough understanding, but it was not included

due to limitations of content.

o4

Figure 5.4: Chapter 2 in the Handbook with the two main types of content
highlighted: purpose, expected outcome and benefits to the left, and the execution of

System- and function analysis facilitates
the decomposition of a complex
problem into more easily managed sub-
problems. Decomposing a problem
benefits the concept development work
by allowing the identification of critical
areas to be tackled in a focused way and
derive solutions to sub-problems in
parallel.

Purpose

Identify focus areas and
understand product
functionality to support

solution space exploration

Outcome
System definition and
functional description

2.1 System breakdown

System breakdown provide a good basis for
understanding the system structure and
interactions between physical elements*.
The system can be decomposed into sub-
system and components. Decomposition
helps to determine which subsystems are
affected of the project and the TRL level of
the system.

*Physical element = Physical means which
achieves a product function.

2.1.1 Goal mind map
Goal mind map is a tool for system decomposition and helps to identify the

areas affected by the project.

13

1.4 Key-requirements

Execution
« Define sub-systems for the product system
« If possible, further decompose
sub-system into component-level

« Assess which sub-systems are affected by the project

« Perform TRL assessment for the affected sub-systems, see Appendix A for
TRL definitions

+ Define which sub-systems are carry over and which are critical and
requires further focus and development

the methods and tools to the right

Figure 5.3: The structure of the the chapters in the Handbook
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Figures and examples

During the feedback loops, it emerged that several methods in the Handbook needed
to be exemplified to facilitate understanding. Throughout the Handbook, figures and
examples appear, to explain and clarify parts of the content. Some examples demon-
strate the result of the method, e.g. Figure 5.5 exemplifying a decomposed system
with a Goal mind map. Other examples illustrates how to use the method or tool,
e.g. Figure 5.6 demonstrating how to combine sub-solutions to total solutions with a
Concept combination matrix.

Example of concept creation for a system that consists of a tool that spins.

Spin tool

Example of a goal mind map for a DXR 300. A: Hold tool B;z:cq;:i:e C: Allow on/off

- Solution

= . P it t
& 1 Screws GEEEILITESS Switch
)IQI__.
? x 2 Ve\cr'o/

Asynchronous motor Touch sensor
| —o

Manuat™
3 ue //roﬁwuoa:\
-

—

Excluded due
to impractical

(Certain information is excluded in the picture to comply with confidential
agreement with Husqvarna Construction Products.)
14

Figure 5.6: An example of the tool
Figure 5.5: An example of the tool goal combination matrix presented in the
mind map presented in the Handbook Handbook

It was mentioned that the examples used in the previous efforts to introduce set-based
concurrent engineering did not bring clarity of understanding of the methods. Hence
it was important to create the examples for the Handbook together with candidates
during the creation process, to ensure that the examples bring value to them. The
examples are showing the basic principles of the methods and are simplified versions,
thus not as extensive as the methods would be if applied in a real project. One
example illustrates a functional tree for a sub-system with the main function spin tool,
decomposed into three sub-functions. Several products at Husqvarna Construction
Products comprise the function of spinning a tool, hence this simplified example was
proposed by a candidate to be an appropriate example since many people can relate
to it. The example for concept combination matrix derives from the same decomposed
sub-functions, see Figure 5.6. In this example, classes of different kinds of solutions
are used for the sub-functions, to illustrate how the matrix and sub-functions facilitate
broad exploration of solutions, which is something rarely done currently at Husqvarna
Construction Products.
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Hints

In each phase, hints appear that should catch the reader’s attention. The hints aim
to provide tips and tricks that can support the execution. Each hint is presented in
the same way, in a box with a dashed line colored in accordance with the phase. The
hints can either provide tips and tricks to ease the execution of a specific activity or
make the user aware of something specifically important, as seen in Figure 5.7.

[. Make use of existing ‘:
E product structure/BOM .
. for identification of sub-
: systems.

Figure 5.7: Example of a hint used in the Handbook

5.2.3.2 Template

The template is a Microsoft Excel file with predefined templates for the methods and
tools presented in the Handbook. This will support the practical execution and usage of
each method and tool, as well as facilitate documentation. In addition, each template
can be used as a visual means to communicate the status and results of the concept
development project during meetings. The documentation is done digitally directly
in the Excel file and is advantageous because the amount of documentation will differ
between projects and the required space can be adapted. The complete Template can
be seen in Appendix B.

Template structure

The template consists of several excel sheets, Figure 5.8 illustrates the different sheets
in the bottom of the figure. The first sheet provides general information of the Toolbox,
the usage, and application, and the core of the methodology, to provide the prerequi-
sites essential for the appropriate usage of the Template. It also used to write down
and specify information about the project that the template is used. Further, the fol-
lowing sheets are presented in accordance with the phases of the methodology. Specific
templates for each of the methods and tools presented in the Handbook are provided
in the sheets. In each sheet, references to associated pages in the Handbook are given.
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Start with

« Define project name and the team.

Identify and collect existing information created for the specific
project prior the upcoming concept development work, such as
project initiation, requirement specification, CAD models, etc.

The Concept development toolbox s developed for Husqvarna
Construction Products with the aim to support structured and pragmatic
way of working with concept development. It is developed from
established approaches to concept development but adapted to suit the
needs of the users at Husqvarna Construction Products.

Handbook

Digitial guide for how to approach concept
development work and how to use different
methods and tools

Project name:
Team members

Template Name Role
The Toolbox presents a methodology to support concept generation and El Excel-file with defined templates for the
decision-making in concept development. Other factors, such as U presented methods and tools in the
resource planning and team structure, are important in successful handbook, to support execution and digital
concept development but are not treated in this Toolbox documentation

Area of focus

The area of focus in this toolbox is how you go from requirements to final
concept(s), which s divided into four phases to support a purposive and
focused approach to concept development:

Handbook and Template complement each other
work with them simultaneously!

Type of information | _Created by File name. File format Stored place

Phase 1:
Understanding the
Challenge

Phase 2: Phase 4:

Phase 3:

System- and
Function Analysis

Concept Evaluation
&Elimination

Concept Generation

Toolbox Application

The core of the Toolbox is to explore broadly,
consider sets of solutions, and gradually narrow
by elimination of solutions that are deemed
unfeasible or inferior, leading to convergence
towards a final concept. This s strongly related
to set-based concurrent engineering, which is an
approach to concept development that is
claimed to support innovation and increase the

probability of successful design.

The phases are presented as a linear process, but concept development is almost always
iterative. Hence, this Toolbox provides a baseline from which the users can adapt and refine
1o suit their own problem-salving style. The toolbox presents a methodology that supports
structured and purposive concept development execution, which allows for modifications or
usage of other methods and tools if deemed more suitable - as long as the purpose of each
phase is achieved!

Adaptation to complexity

The toolbox can be used for projects of different levels of complexity, where higher
complexity requires parts of the process to be iterated. For example, if the project scope
considers a complex system with several critical sub-systems requiring development, the tools
and methods from Phase 2.2 Functional Breakdown and forward, should be applied for each
sub-system in parallel. This will result in sets of concepts, one set for each sub-system. These
generated sets of concepts need to be evaluated together, which can be done by reiterating
the process from Phase 3. Concept Generation and forward.

Exemplification of use

The examples in the handbook are simplified and used to demonstrate the application and
use of the presented methods and tools. Application in real projects will be more
comprehensive.

This handbook is a result of the Master Thesis “Concept Toolbox", Viatilda Al and Olivia spring 2021
ot Chalmers university of Technology in collaboration with Husqvarna Construction Products.

L. Understanding the Challenge 2.1 System breakdown 2.1.2 Assemble Attributes al breakdown 3. Concept Genera

Figure 5.8: Visualization of the first sheet of the Template, also visualizing access
to the other sheets at the bottom of the figure

Selection of content

The Template aims to facilitate the practical application of the proposed methodology,
thus the selected content is focused on describing the execution of the various methods
and tools in each phase and providing templates for each one. In opposite to the
Handbook, the Template does not provide extensive information about each phase,
but the purpose and outcome of each phase are presented along with the description
of execution and the templates. In Figure 5.9, one sheet from the Template can be
seen.

p. 13-14 in Handboo

Purpose Understand the product system to identify focus area
[Outcome System descpription, defined critical sub-system and associated attributes

Make use of existing product
structure/BOM for identification
of sub-systems.

NOTE | TF knowledge of the product structure is lacking, go directly to 2.2 Functional breakdown |

2.1.1 Goal Mind Map
- Use the tree model or create the Goal mind map in your preferred way - But make sure to include the goal mind map in this sheet!

- Define sub-systems for the product system

- If possible, further decompose sub-system into component-level

- Assess which sub-systems are affected by the project

- Perform TRL assessment for the affected sub-systems

- Define which sub-systems are carry over and which are critical and requires further focus, to bring to 2.1.2 Functional breakdown

Legend

Critical/Focus [ | |

Product Name TRL
Sub-system
name

1|2)3|4]|5]|6]|7]|8]9|Comment

Figure 5.9: One of the sheets presented in the Template
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Templates for tools and methods

The templates provided for each of the presented methods and tools mainly constitute
tables, matrices, and forms, see Figure 5.10 for a combination matrix and Figure 5.11
for a functional tree. These templates are all easy to adjust and modify to suit the
needs of the project and user. Having it in Microsoft Excel allows for easy changes,
such as adding, removing, reshaping, or resizing different parts of the templates.

Main function

Organizational
readiness

Organizational
readiness

Organizational
readiness

Sub-function A Sub-function B Sub-function C

Attribute 1
Attribute 2
Attribute 3
Attribute 1
Attribute 2
Attribute 3
Attribute 1
Attribute 2
Attribute 3

Solution

1 Sub-solution A1 Sub-solution B1 Sub-solution C1

2 Sub-solution A2 Sub-solution B2 Sub-solution C2

3 Sub-solution A3 Sub-solution B3

4

Figure 5.10: A template for the combination matrix presented in the Template

]

Figure 5.11: A template for the functional tree presented in the Template

5.3 Summary of Results

Chapter 5 presents the different results from this project; the empirical findings of the
current situation at Husqvarna Construction Products in terms of concept develop-
ment, and the result of the Concept Development Toolbox developed for Husqvarna
Construction Products. The empirical findings define the current way that concept
development is executed at Husqvarna Construction Products and the challenges re-
lated to it, with the purpose to highlight aspects for consideration in the development
of the Concept Development Toolbox.

The Concept Development Toolbox is the main result of this project based on the
project purpose. It is a Toolbox that aims to facilitate structured and pragmatic con-
cept development execution at Husqvarna Construction Products. It presents a pro-
posed methodology divided into four different phases, to support focused and purposive
execution, and prescribes activities of how to go from requirements to a solution. It is
developed from theoretically established concept development methodologies adapted
according to the empirical findings and the input from the candidates during the cre-
ation process. The proposed methodology is influenced by set-based approaches to
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concept development to support the exploration and consideration of several alterna-
tive solutions according to the project scope.

The final result is a Toolbox of two parts with distinguished purposes, a Handbook,
and a Template. The Handbook aims to facilitate understanding of the methodology
and descriptions for the execution of the presented activities. The Template aims
to support the practical application of the methodology by providing templates for
each of the presented methods and tools in the Handbook. Together, the two parts
form the Concept Development Toolbox that has been developed in collaboration with
candidates from Husqvarna Construction Product, to facilitate implementation and
usage at Husqvarna Construction Products.
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0 Discussion

This chapter will reflect and discuss the following instances found upon completion of
the project; Project task, Adaptation of theoretical methodologies for an industrial set-
ting, Concept development at Husquarna Construction Products, Concept Development
Toolbox creation process, Usefulness and shortcomings of the Concept Development
Toolbox as well as Improvement potential for concept development.

6.1 Project task

The project made it evident that the project task, of developing a Concept Develop-
ment Toolbox that aims to support structured and pragmatic concept development
execution, is of relevance. From the empirical findings, it showed that the current
way of working does not comprise structured methodical concept development, dif-
ferent approaches are undertaken and commonly a point-based approach is used. A
point-based approach is described in the literature as an approach that does not sup-
port the exploration and consideration of several alternatives, which was highlighted
as an initial request for the Toolbox developed in this project. Further, the literature
presents the set-based approach to concept development as more suitable in terms of
improving time-to-market in product development projects since it prevents problems
in later stages in the development process, which further justifies the project task of
proposing a methodology that facilitates consideration of several alternatives.

The findings also highlighted that there are different levels of knowledge and experi-
ence of concept development design methodologies, which currently make it difficult to
introduce methods and tools to support the execution. This project presents a Concept
Development Toolbox that serves as a common approach for concept development, pre-
sented in a format that supports the usage without previous knowledge and experience.

Different attitudes towards the purpose and necessity of this project task were found
at Husqvarna Construction Products throughout the project. The project is initiated
from higher organizational levels, and not from the intended users of the Toolbox.
The users that were interviewed in this project were not all positive to the Toolbox,
mainly because Husqvarna Construction Products currently and historically develops
successful products, thus the need to change the way concept development is executed
may not be apparent. This clearly demonstrates one of the main challenges of this
project: creating a Concept Development Toolbox that also appeals to the individuals
not fond of the idea of using it.

6.2 Adaptation of theoretical methodologies for an
industrial setting

Design methodologies for concept development are in theory commonly described for
an ideal use case. The descriptions rarely consider the challenges that exist in industrial
settings that affect practical applicability. The challenges at Husqvarna Construction
Products mainly concern pressured time plans and different levels of knowledge and ex-
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perience of design methodologies. This project has comprised proposing a methodology
for purposive concept development, that is not complex, comprehensive, or demanding.
Hence, the methods presented in theory have had to be adapted by simplifications, re-
moval of execution steps, and merging of different methods. Thus, one of the challenges
in this project has been to find a balance where adaptation of theoretical methodolo-
gies has not been carried out to the extent that the purpose of the methods is missed.

Several different alternative methods and tools can be used for the same purpose
and the choices in the proposed methodology are mainly based on analysis and syn-
thesis of theoretical findings and the findings at Husqvarna Construction Products.
However, the researcher’s knowledge and experiences of concept development design
methodologies from academia, through studies in mechanical engineering and product
development, were also considered for the decision of methods and tools to include
in the proposed methodology. This may lead to biased choices, but practical expe-
rience and knowledge were deemed valuable for the work of adapting the theoretical
methodologies for industrial settings.

6.3 Concept development at Husqvarna Construc-
tion Products

Interviews were conducted to understand how concept development is executed in
practice at Husqvarna Construction Products. To further understand, the documents
available in the Product Creation Process have been used. Observations of concept
development execution in practice in a real project were not conducted in this project.
Observations could have provided additional relevant aspects to the practical applica-
tion, and perhaps the content and design of the Concept Development Toolbox would
have been different. Relying on explanations of how concept development is executed
may imply a risk of relevant aspects not being mentioned, such as aspects that the
interviewee is either not aware of or does not recollect.

6.4 Concept Development Toolbox creation process

The creation process for the Toolbox involved candidates from Husqvarna Construction
Products, as an endeavor to reach user acceptance. This provided them the opportu-
nity of voicing their opinions and sharing feedback, as the basis for refinements and
changes in the Toolbox. However, it was performed on a small scale considering the
involvement of seven participants. How well the inputs from the candidates reflect the
opinions of the larger scale has not been examined.

Participation in the creation process was voluntary. Several candidates were asked,
but many rejected the invitation. The candidates that participated considered the
Toolbox as helpful support and had a positive attitude towards working according to a
structured methodology for concept development. Involving candidates that were not
as willingly installed to the Toolbox could have provided other perspectives to consider
in the creation process. Hence, the created Toolbox might not appeal to the different
crowds of users at Husqvarna Construction Products.
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6.5 Usefulness and shortcomings of the Concept
Development Toolbox

The Toolbox is created to support the practical application of the concept development
methodology, to facilitate structured and pragmatic concept development execution.
The possibilities to test and evaluate the practical applicability together with the can-
didates were limited, due to delimitations of time and availability. Thus, the user
assessment did not comprise the practice of applying the methods, but only comprised
reflection and consideration to the aspect of practical applicability during the assess-
ment of the proposed Toolbox.

The Toolbox is presented in a digital format and is designed for digital use. Both
the handbook and the template can be printed into physical form, but they are not
designed for that intent. Hence, the Toolbox may not appeal to someone who prefers
to work with physical tools. To create the toolbox in a physical format was not found
as a need during the interviews nor requested by any of the candidates, though it
was brought to our attention during the creation process. However, the Toolbox is
presented in file formats that are easy to adjust and modify to suit as a physical tool
as well.

The Toolbox consists of two independent parts, but they are suggested to be used si-
multaneously to ensure that the methodology is applied correctly. However, consisting
of two parts induce the risk of usage of only one part, assuming the template since
it supports the practical application. This risk was considered during the creation
process but presenting all the information and templates together in one place was
considered worse. Presenting all information and content in one place would affect
the possibility of using the Toolbox as a visual means to support communication of
project status. Further, it was found that users at Husqvarna Construction Products
are resilient to read and make use of tools if the content is too extensive.

6.6 Improvement potential for concept development
at Husqvarna Construction Products

The project aims to improve the early product development project phases where the
conceptual design is performed, by addressing the issue of not working structurally
and purposive with concept development execution. Thus, this project mainly focuses
on the methodology aspect, but other factors and aspects are essential for improving
concept development. The empirical findings highlight other aspects not addressed in
the Toolbox that Husqvarna Construction Products can incorporate in the endeavor of
improving concept development. The aspects concerns project types, the collaboration
between segments, and the development of robust solutions, that should be considered
before initiating the concept development process. Further, the documentation aspect
must be considered, in terms of storage and accessibility. Otherwise, it may be difficult
to sustain the benefits of documentation, and the reluctance towards documenting may
persist.
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7 Conclusions & Recommendations

This report summarized the work done in a master thesis project for the company
Husquarna Construction Products. The following chapter will present the conclusions
drawn during the project and recommendations for further work.

7.1 Conclusions

The purpose of this project was to develop a Toolbox aimed to support structured
and pragmatic concept development execution at Husqvarna Construction Products.
Husqgvarna Construction Products are continuously striving to improve time-to-market
for their product development projects, and the result of this project is a part of that
endeavor. The Toolbox presents a methodology derived from theoretically established
concept development methodologies further adapted to the situation at Husqvarna
Construction Products to facilitate implementation and usage.

Initially, the project comprised research of the state of the art of concept development
approaches, processes, methods, and tools through literature studies. The synthesis of
relevant literature revealed deficiencies in descriptions of the practical applications of
concept development methods in industrial settings. Thus, the methodology presented
in the Toolbox is mainly based on concept development methodologies as described in
academia.

The identification of the current status at Husqvarna Construction in terms of con-
cept development justified the need for improving concept development and provided
findings of different aspects to be addressed for that purpose. However, the project
scope comprises the aspects directly related to concept development execution and
methodologies, thus not for all the findings compiled in section 5.1. Aspects related to
team structure, collaboration between different organizational segments, and storage
of documentation were not addressed in the development of the Toolbox.

A critical part of this project was the creation process of the Toolbox. This process
was essential for reaching user acceptance, one of the objectives for this project, and
creating something that would be of use for the development teams at Husqvarna
Construction Products. The creation process of the Toolbox elicited new findings in
addition to the findings addressed from the preceding interviews. User assessments
and feedback loops provided necessary findings that heavily affected the decisions for
the proposed methodology and the design of the Toolbox, thus had a large impact on
the final result.

The practical applicability of the Toolbox was only evaluated through user assess-
ments, by reflection and considerations of that aspect. To fully understand and make
fair judgments of the Toolbox’s applicability and how it supports pragmatic concept
development execution, it must be applied in Husqvarna Construction Products spe-
cific development projects.
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7. Conclusions & Recommendations

The Concept Development Toolbox is derived from theories claimed to support the ob-
jectives of long-term effects of improving innovation and time-to-market to maintain
competitiveness. Those objectives have not been possible to evaluate in this project. To
be able to evaluate whether the Toolbox contributes to these objectives, it is required
to implement and use the Toolbox in one or several concept development projects.

Concluding, this project provides a Toolbox developed to support and facilitate struc-
tured and pragmatic concept development execution for Husqvarna Construction Prod-
ucts. It is developed from currently available theoretical concept development method-
ologies and adapted to suit the current situation at Husqvarna Construction Products.
Hence, the Toolbox as presented now, may not comply with future needs or new
methodologies. The Toolbox provides a baseline for continuous adaptations and im-
provement based on new needs and insights. The result presented now should be
considered as a starting point in the endeavor of improving concept development exe-
cution at Husqvarna Construction Products.

7.2 Further work

This project provides a starting point for improving the early phases in product devel-
opment projects, where the conceptual design is performed. The following recommen-
dations are given to obtain the benefits that the Concept Development Toolbox can
entail:

o A prerequisite for obtaining the benefits entailed from the Toolbox is to imple-
ment it in the current concept development processes at Husqvarna Construction
Products. It is recommended to implement the Toolbox in the Product Creation
Process, making it accessible for everyone at Husqvarna Construction Products.

o User acceptance is crucial for the usage of the Toolbox and this project comprised
activities to reach user acceptance on a small scale. To reach user acceptance
on a larger scale, it is recommended to provide opportunities for discussions and
practice of using the Toolbox. Seminars and workshops are suggested for this
purpose.

o The practical applicability was only evaluated to a certain degree, without prac-
tical testing. It is recommended to pilot the Toolbox in a project to further
evaluate practical applicability and identify improvement potentials for that as-
pect.

Since this project is a starting point for improving the early phases of product devel-
opment projects, it is recommended to continuously develop and change the concept
development toolbox to ensure that it is adapted to the current situation of concept
development and provides the best possible support for Husqvarna Construction Prod-
ucts.
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A Concept Development Toolbox -
Handbook

Concept Development Handbook

- Part of a Toolbox that supports structured and pragmatic concept
development execution at Husqvarna Construction Products

This handbook is a result of the Master Thesis “Concept Development Toolbo»
conducted by Matilda Alfredsson and Olivia Andersson during spring 2021 at Chalmers
university of Technology in collaboration with Husqvarna Construction Prod!

Concept Development Toolbox

The Concept development toolbox is developed for Husqvarna Area of focus

Construction Products with the aim to support structured and pragmatic The area of focus in this toolbox is how you go from requirements to final

way of working with concept development. It is developed from concept(s), which is divided into four phases to support a purposive and focused
established approaches to concept development but adapted to suit the approach to concept development:

needs of the users at Husqvarna Construction Products.

The Toolbox presents a methodology to support concept generation and Understanding the (;hallgnge: Create alcommon; understanding of the
decision-making in concept development. Other factors, such as resource challenge and the direction of the project

planning and team structure, are important in successful concept

development but are not treated in this Toolbox. System- & Function Analysis: /dentify focus areas and understand product

functionality to support solution space exploration

Concept Generation: Explore the solution space by generating sets of concepts
Toolbox Structure
— Concept Evaluation & Elimination: Systematically evaluate and eliminate
Handbook concepts based on knowledge to converge on final concept(s)

Digital guide of how to apply the
proposed concept development
~ methodology

Template The core of the Toolbox is to explore broadly, consider sets of solutions, and

gradually narrow by elimination of solutions that are deemed unfeasible or

Excel-file with templates for the :

Toolbox o ' methods and toolspdescribed in the inferior, leading to convergence towards a final concept. This is strongly :
handbook, to support execution and : related to set-based concurrent engineering, which is an approach to concept %

-~ I development that is claimed to support innovation, improve time-to-market, =

S documentation : P pp p :

and increase the probability of successful design. H

Handbook and Template complement each other
- work with them simultaneously!



A. Concept Development Toolbox - Handbook

Toolbox application

The phases are presented as a linear process, but concept development is
almost always iterative. Hence, this Toolbox provides a baseline from which the
users can adapt and refine to suit their own problem-solving style. The toolbox
presents a methodology that supports structured and purposive concept
development execution, which allows for modifications or usage of other
methods and tools if deemed more suitable — as long as the purpose of each
phase is achieved!

Adaptation to complexity

The toolbox can be used for projects of different levels of complexity, where
higher complexity requires parts of the process to be iterated. For example, if
the project scope considers a complex system with several critical sub-systems
requiring development, the tools and methods from Phase 2.2 Functional
Breakdown and forward, should be applied for each sub-system in parallel. This
will result in sets of concepts, one set for each sub-system. These generated
sets of concepts need to be evaluated together, which can be done by
reiterating the process from Phase 3. Concept Generation and forward.

Exemplification of use

The examples in the handbook are simplified and used to demonstrate the
application and use of the presented methods and tools. Application in real
projects will be more comprehensive.

Table of content

1. Phase 1: Understanding the Challenge 5 3. Phase 3: Concept Generation

1.1 Problem description 7 3.1 Sub-solution generation

1.2 Competitive benchmarking 8 3.2 Concept creation

1.3 Voice of the customer with Kano-model 8

1.3 Key-requirements 10 4. Phase 4: Concept Evaluation & Elimination 25
4.1 Concept comparison matrix 27

2. Phase 2: System- & Function Analysis 11

2.1 System breakdown 13 References 29

2.1.1 Goal mind map 13

2.1.2 Assemble attributes 15 Appendix A: TRL definitions 31

2.2 Functional breakdown 15

2.2.1 Functional tree 16
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A. Concept Development Toolbox - Handbook

Problem description
Competitive benchmarking

Voice of the customer with Kano-model

Phase 1 Key-requirements
Understanding the Challenge

I 1. Understanding the Challenge 1.2 Competitive benchmarking ]

Benchmarking is a way of understanding your competitor's products and
technologies as well as your competitive position. It provides a point of

Purpose In order.t.o develop an innovative and reference to measure and judge product quality, value or performance of
Create a common competitive product, it is important to the product that intends to be developed. Results from the benchmark
understanding of the havglsufflc_lent.knov:]ledge about the can be presented as items in 1.4 Key-requirements.
challenge and the direction problem situation, the competitive
. gro'ect landscape, and targets for the intended Execution

el product. This phase in concept « Identify relevant design issues and properties

development provides a common view
of the challenge, the problem to be * Identify competing or related products, both internally and externally

Outcome
Concretized problem and
key-requirements

solved, associated focus areas, and
guidance for upcoming activities. * Conduct the information search

.

Systemize the information
1.1 Problem deSCFIptIOH * Analyze best in class per property, industry trends and opportunities for

A problem description supports a solution-independent exploration obtaining unique selling points

of a problem, where the focus is on concretizing the problem to be
solved without stating any solution. X .
1.3 Voice of the customer with KANO model
Execution

Write down a problem description for the project. Describe and
justify the problem - without stating any solution. The problem
description should consider the problem itself and the context of the
problem.

It is crucial to focus on customer and user needs in order to develop
competitive products, and the focus should prevail throughout the
entire development project.

Considerations to the customer and user needs must be taken
before the product design has been decided, to avoid late, costly and

Following questions should be answered: time-consuming product changes. Thus, the customer and user
Where and when is this problem relevant? needs have a vital role in concept development and the needs should
How does it happen? be reflected in the 1.4 Key requirements.

What are specific challenges in the context of the problem?
Who could be the customer or user of a solution for The Kano model is a method to help understand different types of
the problem? customer and user needs, that need to be addressed from a

competitive perspective.

I1I



A. Concept Development Toolbox - Handbook

KANO model

satisfied
cyeners Execution ‘." Make use of market
performance * Compile customer and user needs and customer
: assessments from
* Categorize the needs according to must-be, =  Product management
performance and delighters *  and Global design. :
Not fulfilled ¢——f————> Fulfilled - *

T Mustbe « Consider following:
- Which needs are more important s . K
N . :* View the :
- How will each need be reflected in *.. product/problem from
1.4 Key-requirements; *  acustomerand user %
as a requirement or a wish H perspective. H
Dissatisfied °, .

1.4 Key-requirements

Kano model distinguish three types of needs which influence customer

Key-requirements bring clarity to the task and guide the project in the right
satisfaction in different ways when met. direction by specifying what the solution to be developed must achieve or
/ fulfill. Key-requirements constitutes of items, in this case both requirements

Must-be: Basic criteria of a product that the Screwdriver and wishes. The items describe what to be addressed in the upcoming
customer and/or user takes for granted. These example activities of the concept development work, and at the end used as criteria
needs are not explicitly expressed. If not fulfilled, Must be: for concept evaluation and elimination. Key-requirements can effectively
the customer will be dissatisfied. Rechargeable integrate different perspectives in the concept development process.

. battery .
Performance: These needs are explicitly demanded Key-requirements should be revisited throughout the whole concept
and expected by the customer and/or user, and the Performance: development process - items can be refined or new ones can be added when
satisfaction is proportional to the level of fulfillment. Full day battery new information and knowledge is available. :

runtime euensesesesusssesasesasEsetatastasstatanastasunnenanasaasunnnnsanannes®
Delighters: These needs are neither explicitly 3
expressed nor expected by the customer and/or Delighters: Executmrf . .
user. Fulfillment of these needs leads to more than Indication of * Compile key-l.'equ.lrements fothe project
proportional satisfaction. If not fulfilled, the battery level ) + Consider items from different stakeholders )
customer and/or user will neither be satisfied or . Conﬂderthe outcome from 1.2 'Competft/ve benchmarking
dissatisfied. and 1.3 Voice of the customer with KANO model
« Defineif it is a requirement or wish
9

10

System breakdown

Goal mind map

Assemble attributes

Phase 2 Functional breakdown

System- & Function Analysis Functional tree

. D) D)

v



A. Concept Development Toolbox - Handbook

B 2. System- & Function Analysis

System- and function analysis facilitates
the decomposition of a complex
problem into more easily managed sub-
problems. Decomposing a problem
benefits the concept development work
by allowing the identification of critical
areas to be tackled in a focused way and
derive solutions to sub-problems in
parallel.

Purpose

Identify focus areas and
understand product
functionality to support

solution space exploration

Outcome
System definition and
functional description

2.1 System breakdown

System breakdown with

System breakdown provide a good basis for physical elements is useful for

!
understanding the system structure and _-: development projects where
interactions between physical elements*. % knowledge of the product
The system can be decomposed into sub- % structure exists, e.g.,
system and components. Decomposition incremental changes or
helps to determine which subsystems are  * derivatives of a product.
affected of the project and the TRL level of  :

the system. If knowledge of the product

structure is lacking, go directly
*Physical element = Physical means which t0 2.2 Functional breakdown.

achieves a product function.

2.1.1 Goal mind map

Goal mind map is a tool for system decomposition and helps to identify the
areas affected by the project.

13

. 2.1.2 Assemble attributes

It is necessary to define attributes for each critical sub-system to identify the
allowed solution space. Knowing the solution space provide guidance for
generation of feasible solutions. While key-requirements address the total
solution, the attributes address what needs to be achieved by each critical
sub-system.

Execution .

i Make use of the

Goal mind map

: to support

:  identification of
+**  other aspects to

« Compile attributes for each critical sub-system
« Attributes can be found through items in
1.4 Key-requirements and other relevant

aspects, e.g., adjacent sub-systems can ., consider in
affect the available space for the sub- S attributes.
system.

Example RPM is a relevant attribute for a sub-system that provides torque, and
the feeling of grip is a relevant attribute for a sub-system that consists of a handle.

2.2 Functional breakdown

Functional breakdown provides a good basis for understanding the intended
behavior of the system and important aspects to consider when generating
solutions. This is done by decomposing the system into functional elements*.

*Functional element = Intended behavior of the product. The function should
be expressed as verb + noun and may contain contextual information.

Functional el supports exp: ion of more i
alternative solutions in Phase 3 Concept Generation.

15

.

.

.

Execution
« Define sub-systems for the product system
« If possible, further decompose
sub-system into component-level

Make use of existing

product structure/BOM

for identification of
sub-systems.

Assess which sub-systems are affected by the project

Perform TRL assessment for the affected sub-systems, see Appendix A for
TRL definitions

Define which sub-systems are carry over and which are critical and

requires further focus and development

Upcoming activities in the process will be executed in parallel
for each critical sub-system

Example of a goal mind map for a DXR 300.

N

5 e

(Certain information is excluded in the picture to comply with confidential
agreement with Husqvarna Construction Products.)

N

14

2.2.1 Functional tree .

Functional tree is a tool to help visualize the functional decomposition of
the system.

Execution

* If 2.1 System breakdown was executed, o Create a
define the main functional element of the % Functional tree
critical sub-system, else define the main i foreach critical
functional element for the solution to be -_‘. sub-system .
developed

+ Decompose the main functional element into sub-functional elements

Example of a functional tree for a system that consists of a tool that spins.

Spin tool

[ 1

Hold tool Provide torque Allow on/off

16
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Phase 3

Concept Generation

17

B 3. Concept Generation

VI

Generating several alternative
concepts will support a broader
exploration of the solution space
and increase the possibility to find
the most appropriate solution to the
given problem. A concept consist of
several sub-solutions that are
combined into a total solution.

Purpose

Explore the solution
space by generating
sets of concepts

Outcome

Several alternative
concepts, minimum
of three

3.1 Sub-solution generation

Generating sub-solutions to sub-problems is a method to solve a problem
in a focused way. The sub-problems are here presented as functional
elements. The aim is to freely generate several alternative sub-solutions to
each sub-function and assess each sub-solution against attributes, as well
as the organizational readiness.

alternatives, as well as alternatives outside the allowed solution space.

19

The assessment provides support for the identification of clearly inferior

Sub-solutions generation

Concept creation

Execution

Make use of a combination matrix and * Use a combination
insert the functional elements from 2.2 matrix for each
Functional breakdown : critical sub-system.

Generate several alternative sub-solutions to the decomposed elements.
can be supported by following activities:
- Brainstorming
- Analogies with technical systems in other domains
- Analysis of competitors’ products and internal existing products
- Searchin literature
Interviews with experts and/or lead users

If applicable, assign attributes to each sub-function and perform a
preliminary assessment of each sub-solution , make us of:

* 2.1.2 Assemble attributes if executed, else

« derive attributes from 1.4 Key-requirements

If applicable, assess the organizational readiness for each sub-solution;
Previous experiences, knowledge, production capabilities, etc.

An example of how to use the matrix is illustrated on the next page.

This

20
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Example of sub-solution g ation for a system that consists of a tool that spins.
Spin tool
B: Provide
A: Hold Tool s C: Allow on/off
Solution
1 SEEns Permanent magnet Switch
motor
2 Velcro [Asynchronous motor Touch sensor
3 Glue Manyal
rotation

21

Sub-solution generation can be done to different levels of detail and is
an iterative process. The example above illustrate a sub-solution
generation on a lower level of detail. The sub-solutions in the matrix are
presented as classes or categories of sub-solutions, which allows for a
broad exploration of solution space. The process can be iterated by
looking into detailed and specific sub-solutions within each category,
which enables easier assessment against attributes.

Example of concept creation for a system that consists of a tool that spins.

Spin tool
B: Provide
A: Hold tool e C: Allow on/off
Solution
1 Screws Perma;\xtprrnagnet Switch
1=
2 Vech Asynchronous motor Touch sensor
—
Man
3 e tation

—

23

The Combination matrix can be used to combine sets of concepts for
different critical sub-systems in a product, resulting in a new set of

concepts to further evaluate:

Sub-functions will in that case be the main functions of each critical

sub-system

Sub-solutions will be the concepts from each sets for the different

sub-systems

Excluded due
to impractical

3.2 Concept creation

Concepts are created by systematically combining sub-solutions into total
solutions in a Combination matrix. This method is used to generate as many
conceivable concepts as possible, to create a set of concepts.

It is important to generate several alternative concepts, it does not have to

be the “best” combination or a combination that is likely to be the final -
what you think is the “best” or final combination might not be true!

Execution A
. & Exclude combinations of
« Create concepts by combining sub- H X .

. . " . clearly inferior or
solutions, using colored lines for each .+ ) .
concept K unfeasible sub-solutions

“ and/or exclude

combinations of different
sub-solutions that are
incompatible or clearly
inferior.

Give names to each concept and
present the set of concepts in a list

If any additional methods have been
used for concept generation, include

the results from that in the list as well Make sure to comment on

reasons for exclusion!

It is important that the different combinations of sub-solutions
represent distinct principles or classes of concepts.
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Phase 4

Concept Evaluation & Elimination

25

I 4. Concept Evaluation & Elimination

VIII

Systematic evaluation is used to gradually
eliminate weaker alternatives based on
knowledge, instead of directly trying to select
the "best" option. Decision matrices are
suitable for systematic evaluation and are
beneficial for evaluation of sets of concepts. It
provides a good overview of great amount of
information, supports documentation of
decisions and effectively integrates different
perspectives.

Purpose
Systematically
evaluate and
eliminate concepts
based on knowledge

to converge on final
concept(s)

Outcome
Final concept(s)

4.1 Concept comparison matrix

The purpose of Concept comparison matrix is to evaluate and compare a set
of concepts against criteria, to support elimination and convergence to final
concept(s). The Concept comparison matrix is beneficial for evaluating
several concepts at once by providing an overview of information that
supports identification of deficiencies and superior concepts. It is also
working as a historical record for future reference of how concepts fulfill
certain criteria.

Documentation of concept evaluation and elimination is significant for
traceability as well as knowledge capture and reuse.

27

Concept comparison matrix

Execution

List the set of concepts in a Concept comparison matrix

List relevant criteria and specify values for each concept.
* Criteria should reflect:
o Requirements from 1.4 Key-requirements
o Wishes from 1.4 Key-requirements
o Attributes and other relevant aspects;
e.g., Level of risk, realizable, aligned with product portfolio

Evaluate if the concept fulfill the - Knowledge can be created and =

criteria, do not fulfill the criteria or captured through further

if more knowledge is needed development and analysis,

.S from other functional areas,

Perform activities to close ~2: expert reviews, and through

knowledge gaps s research. H
.

Eliminate concepts that do not fulfill requirements

Analyze the information in the matrix and define pros and cons for each
remaining concept

Compare the concepts and if possible, decide on concept(s) to proceed with,
consider following:

« Different criteria have different relative importance

« Different stakeholders value criteria differently

Clearly mark the concept(s) to proceed with

28



A. Concept Development Toolbox - Handbook

References

Cooper, R. G. (2019). The drivers of success in new-product development.
Industrial Marketing Management, 76, 36—47.

Holmdahl, L. (2016). Lean product development pa svenska. Lars
Holmdahl.

Kano, N. (1984). Attractive quality and must-be quality. Hinshitsu (Quality,
The Journal of Japanese Society for Quality Control), 14, 39-48.

Kennedy, M. N. (2003). Product development for the lean enterprise: why
Toyota's system is four times more productive and how you can
implement it. Oaklea Press.

Mattson, C. A., & Sorensen, C. D. (2020). Product development
fundamentals. In Product Development (pp. 12-34). Springer, Cham.

Otto, K., Wood, K. (2000) Product Design - Techniques in Reverse
Engineering and New Product Development. Prentice-Hall, Upper Saddle
River, New Jersey.

Pahl, G., Beitz, W., Feldhusen, J., & Grote, K.-H. (2007). Engineering design
— a systematic approach (3rd ed ). Springer, Berlin.

Pimmler, T. U., & Eppinger, S. D. (1994). Integration analysis of product
decompositions. ASME Design Theory and Methodology Conference (held
in Minneapolis,Minnesota)

Sobek Il, D. K., Ward, A. C., & Liker, J. K. (1999). Toyota’s principles of set-
based concurrent engineering. MIT Sloan Management Review, 40(2), 67.

29

Appendix A: TRL definitions

system
environment

Ulrich, K., & Eppinger, S. (2016). Product design and development (6. ed.).

McGraw-Hill Education, New York.

Ward, A., Liker, J. K., Cristiano, J. J., Sobek, D. K., et al. (1995). The second
Toyota paradox: How delaying decisions can make better cars faster.
Sloan management review, 36, 43—43.

Ward, A. C., & Sobek II, D. K. (2014). Lean product and process
development. Lean Enterprise Institute.

cofeal Lok il o ssum a1 pperees oy e market e con o

ertera i,

echnology end gate.

Actual system completed and qualified

Identical
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ind unde . In most cases, this TRL represents the

end of true system developmem

Integrated pilot system

Probype et ot penned operaonl oyser eptescs ok g o e o by e

T in
environment

e in a targeted customer environment. It also includes final

approval according verficaton par wih pars flom hard tools. Compliance tess periormed.

System level prototype demonstration. Representative model or system prototype of the technology is
demonstrated in an operational customer environment, according to the prototype verification plan. Pre-
compliance tests performe

Technology verified in relevant environment

s are integrated with reasonably
logy

ealistic
demonstrated in key test environment.
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environment according 10 sub system verification plan

Technology verified in laboratory and Basic technological components integrated and verified they will work together, relatively basic compared
e rerevne 4 10 the oventual system. Examplos include integration of “ad hoc” hardware demonstrated i laboraory
! e

o physically validate

This includes analytical stud
Experimental Proof Of Concept >\ paraie sler

representaiie, according to CAE plan and/or experimental plan.

y. Examples include

predictions of
or

I
§ sic principles are observed, pr applications can be invented. Applications are speculative,
v haro i b 70 oSO raBod il SUppt 0 Ros oA N s Sy o feomres
) Technology concept formulated have been identiied and expected benefts formulated.
g
&
- Scientifc research transiated into applied R&D. Examples might include paper studies of a technology's
Basic principles observed basic properties that could potentially form the basis of a new or improved technology.
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B Concept Development Toolbox -
Template

Start with

+ Define project name and the team

+ Identify and collect existing information created for the
specific project prior the upcoming concept development
work, such as project initiation, requirement specification,
CAD models, etc.

Handbook

Digitial guide for how to approach
concept development work and how to
use different methods and tools

The Concept development toolbox is developed for Husqvarna
Construction Products with the aim to support structured and pragmatic
way of working with concept development. It is developed from

to concept. but adapted to suit the
needs of the users at Husqvarna Construction Products.

Project name:

Team members

Template Name Role’

The Toolbox presents a methodology to support concept generation and  Toalbox Excel-file with defined templates for
decision-making in concept development. Other factors, such as the presented methods and tools in the
resource planning and team structure, are important in successful handbook, to support execution and
concept development but are not treated in this Toolbox digital documentation
Area of focus Handbook and Template complement each other
The area of focus in this toolbox is how you go from requirements to final - work with them simultaneously!
concept(s), which is divided into four phases to support a purposive and
focused approach to concept development: Type of information | _ Created by File name_|_file format_|_Stored place.

Phase 1: Phase 2: Phase 4:

Phase 3:
Understanding the System-and Concept Evaluation
h : Concept Generation
Challenge Function Analysis P ! & Elimination

Toolbox Application

The phases are presented as a linear process, but concept development is almost always
iterative. Hence, this Toolbox provides a baseline from which the users can adapt and refine
to sut their own problem-solving style. The toolbox presents a methodology that supports
structured and purposive concept development execution, which allows for modifications or
usage of other methods and tools if deemed more suitable ~ as long s the purpose of each
phase is achieved!

‘Adaptation to complexity

The toolbox can be used for projects of different levels of complexity, where higher
complexity requires parts of the process to be iterated. For example, if the project scope
considers a complex system with several critical sub-systems requiring development, the tools
and methods from Phase 2.2 Functional Breakdown and forward, should be applied for each
sub-system in parallel. This will result in sets of concepts, one set for each sub-system. These
generated sets of concepts need to be evaluated together, which can be done by reiterating
the process from Phase 3. Concept Generation and forward.

The core of the Toolbox is to explore broadly,
consider sets of solutions, and gradually narrow
by elimination of solutions that are deemed
unfeasible or inferior, leading to convergence
towards a final concept. This is strongly related
to set-based concurrent engineering, which is an
approach to concept development that is
claimed to support innovation and increase the

probability of successful design.

Exemplification of use

The examples in the handbook are simplified and used to demonstrate the application and
use of the presented methods and tools. Application in real projects will be more
comprehensive.

This handbook is a result of the Master Thesis “Concept Development Toolbox”, conducted by Matilda Alfredsson and Olivia Andersson during spring 2021
at Chalmers university of Technology in collaboration with Husqvarna Construction Products.

Understanding the Challenge 0in Handbook

Purpose  Create a common understanding of the challenge and the direction of the project
Outcome  Concretized problem and key-requirements.

1.1 Problem description 1.2 Competitive benchmarking

- Describe and justify the problem - without stating any solution - Perform a benchmark to understand the competitive landscape

- How is the problem solved today? Identify relevant design issues and properties
- Look into internal- and competitor' products and technologies.

Problem description
[Where and when s this problem refevant? Properties/design issue Products
Frocuct mame rroduct name Froduct mame

[How does it hoppen?
|What are specijic challenges in the context of the problem?
|Who could be the customer or user of a solution for the problem?
1.3 Voice of the customer with KANO model Make use of market and customer View the product/problem
- Compile customer and user needs assessments from Product management from a customer and user
- Categorize the needs according to must-be, performance and delighters and Global design perspective
- Consider following:

- Which needs are more important

- How will each need be reflected in 1.4 Key-requirements - as a requirement or a wish

KANO model Just-be: Basic criteria of a product that the
Customer and user needs Must-be: B f a product that th
Delighters customer and/or user takes for granted. These
Need Must-be/Performance/Delighter Comments needs are not explicitly expressed. If not

fulfilled, the customer will be dissatisfied.

Performance: These needs are explicitly
demanded and expected by the customer
andfor user, and the satisfaction is proportional
tothe level of fulfillment.

Must-be

Delighters: These needs are neither explicitly
expressed nor expected by the customer and/or
user. Fulfilment of these needs leads to more
than proportional satisfaction. f not fulfilled, the
customer and/or user will neither be satisfied or
dissatisfied.
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- Compile key-requirements for the project, make sure that user needs are considered!
- Define, if possible, target value for the item

- Define if it is  requirement or wish [R/W]

- Justify the item

- Define date for establishment of item

Description

Key-requirements

Target Value

Justification (why/who)

Date of Issue

Purpose  Understand the product system to identify focus area
Outcome  System descpription, defined critical sub-system and associated attributes

NOQTE ‘ If knowledge of the product structure is lacking, go directly to 2.2 Functional breakdown ]
2.1.1 Goal Mind Map

- Use the tree model or create the Goal mind map in your preferred way - But make sure to include the goal mind map in this sheet!
- Define sub-systems for the product system

- If possible, further decompose sub-system into component-level

- Assess which sub-systems are affected by the project

- Perform TRL assessment for the affected sub-systems

- Define which sub-systems are carry over and which are critical and requires further focus, to bring to 2.1.2 Functional breakdown

By Make use of existing product
structure/BOM for identifcaton of

subsystems

Legend
Product
- 1
[ T 1
Critical/Focus.

Product Name i

Subsystem
rame

Comment

XI
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2.1.2 Assemble Attributes

p. 15 in Handbook

- Compile attributes for each critical sub-system e While key-requirements address the total
- Attributes can be found through: *  solution, the attributes address what needs to
tems in 1.4 K ) . ' be achieved by each critical sub-system.
- items in 1.4 Key-requirements "

assmmmnms

AN NN NN NN NN NN NN NN NN NEEEEEEEEEEEEEERS

- other relevant aspects, e.g., adjacent sub-systems can affect the available space for the sub-system.

Critical sub-system
Attribute Comments

3. Concept Generation
[Purpose

£.17-24 In Handbook

outcome

3.1 Sub solution generation. 3.2 Concept creation

| Transfer functional elements from 2.2 Functional breakdown into the matrix below - Make combinations of sub-solutions by using colored lines for each concept. Exclude combinations of clearly inferior sub-solutions.
Generate several alternative sub-solutions to each sub-function,

Give names to each concept and list them in this sheet

If applicable, assign attributes to each sub-function and perform a preliminary assessment of each sub-solution , make us of: - If any additional methods have been used for concept generation, include the results from that in the list as well
- 2.1.2 Assemble attributes if executed, else

- derive attributes from 1.4 Key-requirements

317 Use the assessment of each sub-solution to exclude combinations of clearly inferior or unfeasible sub-solutions and/or
Define organizational readiness for each sub-solution; Previous experiences, knowledge, production copabilities, etc. H exclude of different tare.
Maln functlon
sorsen | F| 3T [ 5] ovmmon | s [ F|F [ 5] F | 5] v | e [T F [T F || oo | onenn | T F|F[E| T | o
glE|E|g|E| ™ |E|8|8|8| ™ glE[g[Ef m HIEE -
Solution_
1 Subolution AL Subolution 81 Subsoluion €1 Suboluion D
2 Subsolution A2 Subsolution 82 Subsolution 2
3 Subsolution A3 Subsolution 83
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4. Concept Evaluation & Elimination 9.25-28 in Handbook

Purpose Systematically evaluate and eliminate concepts based on knowledge to converge on final concept(s)
Outcome Final concept(s)

- List the set of concepts in the Concept comparison matrix below

- List relevant criteria and specify values for each concept

- requirements from 1.4 Key-requirements

- wishes from 1.4 Key-requirements

- attributes or other relevant aspects; e.g., Level of risk, realizable, aligned with product portfolio.

- Evaluate if the concept fulfill the criteria , do not fulfill the criteria or if more knowledge is needed

- Perform activities to close the knowledge gaps

- Eliminate concepts that do not fulfill requirements

- Analyze the information in the matrix and define pros and cons for each remaining concept

- Compare the concepts and if possible, decide on concept(s) to proceed with, consider following:
- different criteria have different relative importance
- different stakeholder value criteria differently

- Clearly mark the concept(s) to proceed with

Criteria should reflect:

significant for traceability as well as
knowledge capture and reuse

Documentation of concept
evaluation and elimination is

More knowledge needed
Concept Comparison Matrix
Criteria Concept 1 Concept 2 Concept 3
1.
2.
PROS
CONS
Comments
Acitivies to close
knowledge gaps:
Concept 1 Concept 2 Concept 3
o Activity Result Activity Result Activity Result
Criteria X
o Activity Result Activity Result Activity Result
Criteria Y
i Activity Result Activity Result Activity Result
Criteria Z
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