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Abstract

The purpose of this research was to test the usedslof the 13 lean principles for product
development by Morgan & Liker when improving an egring change (EC) process.

The EC-process was studied at four firms. The fwase active in three different industrial
branches. Two of the firms are situated in Swedeht@&o in Finland. First an exploratory
single case study was carried out at one of thedSWwdirms. This study was later merged
into a multiple case study involving three morenst The single case study included a
thorough investigation on lead times in three expkC cases. The problems found in the EC
processes in the multiple case studies were competk the lean principles. If the problem
caused a violation of one or several of the prilesi@ solution to the problem was sought in
line with the principle. From the results of thedies a synthesis was done to develop a lean
Information Model to be used as a framework wheproving information management
aspects of engineering processes. The work wasidaw®peration between Swerea IVF and
Aalto University School of Science (previously Hels University of Technology).

Also a two case study was carried out involving ohthe Swedish firms from the previous
work and one other firm not involved in the prexsomork, both from the automotive

industry. The purpose with this study was to stiytransformation process to lean product
development. The study was done in cooperationdmivbwerea IVF AB and Chalmers
university of Technology. The result from this stwdas later compared with the lean
principles of Morgan & Liker. The results from tleestudies are published in four papers and
further developed in this thesis.

The results show that the lean principles can led as a means to analyze and improve an
engineering change process.

The conclusions are:

- There is a good match between the problems cormhexteCs at the studied firms and
the lean principles.

- Lean principles can be used as guidance when inmg@n EC process in the
industrial context of this research.

- There were no contradictions found between imprar@sof an EC process and the
lean principles.

- Lean principle one, six, eleven, twelve and thimte&plicitly and principle seven
implicitly support transformation to Lean Produa\2lopment at a supplier of
mechanical and electromechanical products in theckeeindustry.

- A better overview of ECs and a reduction of thestiior information transfer are
achieved when an EC process is designed accomlithg tean principles.
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1 Introduction

It is of vital importance to commercial firms to hble to develop products that are
competitive on the market. Many of them have s&mé of company practice for planning
and conducting the realization of products. Ondguractice is a product development
process similar to the phase — review process (€lat§04) or the stage — gate model
(Cooper 1994). Other processes resemble the ogalwksin Ulrich & Eppinger (2012). The
practice of realizing products is often describ®ethie operational manual of these firms or
exists as an informal and undocumented processelpm@cesses have in their simplest
description a linear layout. In the descriptiorthedm it is however not uncommon to point out
that iterations are often required to do necessawyrk in order to achieve the design
objectives. Firms that use this kind of practicgpbasize that design projects often have
problems achieving their objectives on time andgatdFirefighting measures are often
resorted to in order to solve problems regardirgipct performance and performance in
production. Such measures can be late and cosgiyn&ering Changes (EC). Many firms are
therefore seeking an alternative to today’s pradiicbe able to increase the efficiency and
precision in their product realization work.

The practice used by Toyota Motor Corporation (TM@gard 1995) has emerged as a
feasible alternative to the abovementioned prgz@tess. TMCs practice is referred to as
Lean Product Development (LPD) (Morgan, Liker 20Q8)D has been applied in different
ways, and also described in different ways inditere. It is not unambiguous how to
introduce and apply LPD. Morgan & Liker (2006) ddése how Toyota is applying LPD as a
framework of 13 principles. Kennedy (2006) descibaeccessful implementations in the
USA. Ward describes LPD in a third way (Ward 200%)e approach to applying LPD in
these descriptions is slightly different from eather. Another attempt to describe LPD is
made by Holmdahl (2010), who puts LPD in a Swedisfitext. Modig and Ahlstrom (2012)
also describe lean processes in a Swedish.

From the descriptions above, the following main porents in an LPD process can be
identified:

A design process based on Set-based design, where the design spaces of multiple concepts
are thoroughly explored and the least feasibletmwris are successively eliminated in a
converging process. Decisions that put constraintdhe solution are treated as intervals that
are narrowed as knowledge is gained regardingghsegjuences of these decisions (Ward
2009).

Visual planning of product development projects, to control and monitor the work. Product
development projects and the adherent design werklanned using whiteboards and aids
such as sticky notes and magnets to mark work tadks performed and to highlight
problems. The planning boards are often placeddadicated space referred to as an Obeya
room (Horikiri etal. 2008). According to Google Tiidate the Japanese word Obeya means
big room.



Structured problem solving, using loops such as the PDCA (Plan, Do, Check) éwthe
LAMDA (Look, Ask, Model, Discuss, Act). These loopee often documented on paper
sheets of size A3, which are commonly referredstdas (Sobek 2008).

For malized ways of gaining and documenting knowledge during the design process for
later reuse. The design space of a concept is el testing the limits of the design and
documenting the results, preferably on A3s. Wheerestve results regarding a particular part
of the design space are gained, they can be usksbtoibe the dependency between design
parameters in the form of trade-off and limit clgve

A thorough investigation of the customer value of an anticipated product. This value shall
be monitored throughout the development projectsamde as the objective of the project
team to focus on in order to avoid (or at leastimire) waste.

The concept of waste (Womack & Jones 1996) anddheept of lean principles (Morgan &
Liker 2006) are often used in the descriptions BDL

In the work of Womack & Jones (1996), differentezpiries of waste are used to describe
which operations add value to the product and whrehwasteful, and should consequently
be avoided. An extensive description of differemidels of waste categories and the relations
between them is given by Bauch (2004). From thesergptions and from descriptions of
Lean Production (LP), work that is not value addimghe product being developed and
manufactured is classified as wasteful. For thesoa, it is referred to and named waste.
Another significant part of the description madeMbyrgan & Liker (2006) is the 13 lean
principles. A similar set of principles exists hetdescriptions of Set-based design by Sobek
(1999). Early adopters of LPD in Sweden have inyr@ases created a metaphor in the shape
of a “lean house” which describes the principled emmponents that they impose on their
organization when practicing LPD and LP.

Many firms in Sweden were considering adapting l&Ehe time of this study. One plausible
way for them to get guidance in the work to reshifye@ product realization process is to use
the lean principles of Morgan & Liker. The produealization process in this sense also
includes Engineering Change Management (ECM).

It is of course of great importance to minimize #meount of waste in the product realization
process. It is therefore tempting to focus on #rmaval of waste as the prime objective and
activity in a lean implementation program.

An alternative way of addressing this issue isaadtto focus on the value adding operations.
If these are improved, the value adding proceastigipated to become more efficient, thus
resulting in better products. If focus is put orstearemoval it is still possible that customer
requirements are not fully understood and the Rrtb@evelopment (PD) projects end up
developing the wrong product in a highly efficievdy.

A third way is to focus on the lean principles agualing aid. They have a wider scope
compared to the approach based on the waste ci@ggbne lean principles point out what to
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do right in PD. The approach based on the wasegodes points out what not to do and
cannot be part of a future vision in the same sasdbe lean principles. Currently and in the
past, research has been carried out on how totdetdanalyze waste in the product
development process (Hicks 2007, Siyam 2012). Nalasi work has been done on how to
use the lean principles of Morgan and Liker togygtdance on whether the ECM process of a
firm, developing and manufacturing assembled machaproducts, is tuned to be
competitive in the sense of these principles. Samix has been done on how to use the
principles of Set-based design (Raudberget & SEm@010). These, although simple, are
assessed to be of good guidance for the practiegiteon of lean industrial design processes
(Raudberget 2013). Examples on the use of thedeaaiples to illuminate possible ways to
implement lean product development are the onddalyede & Collin (2007) and Garza
(2005). A comparison of the lean principles arelway product development and
engineering changes are performed is anticipateeMeal shortcomings in the processes and
point out in what direction to change them. Fos ti@ason the research focus of this work has
been on the usability of the lean principles asideyto improve the engineering change
process in a firm developing and manufacturingraséed mechanical products.

1.1 Research Questions
Regarding what is stated above we pose the folipwasearch questions.

RQ1: How do the lean principles match the curreablems in ECM?
RQ2: How can the lean principles provide guidantéaw to improve an EC process?

RQ3: How can the lean principles provide guidamca fransformation process to LPD?

1.2 Delimitations of research

The focus of the suggested research is on proéwelapbment and engineering change
management in the manufacturing industry. The tybgsoducts that are in focus are
assembled mechanical and electromechanical proditatsresearch does not include the
development of electronic and software intensieetebnic products. Neither are product
service systems included in the scope of the reBed@he studied firms are all located within
Scandinavia and for this reason the research dutésciude environments with a culture
different from the Scandinavian corporate culture.



2 Frame of reference

Systematic descriptions of the product realizafiootess and different perspectives on the
product to be developed are given by many. In algr Pahl & Beitz (1996) describe
systematic design with some focus on the productlrdassen & Hein (1987) describe
Integrated Product development, with a wider saopthe process compared to Pahl & Beitz.
Hubka & Eder (1988) describe the product to be kbpesl with a Theory of Technical

System and Suh (1990) prescribes two axioms toll®ved when developing products.
Blanchard & Fabrycky (2006) have a system enginggoerspective, and Ward (2009)
describes Lean Product development. Table 1 disleyabove-mentioned references, their
branch in design science and an abbreviation obthech.

Table 1.

Authors Branch Abbreviation
Andreassen & Hein (1987) Integrated Product Devakanmt IPD

Hubka & Eder (1988) Theory of Technical Systems TTS
Suh (1990) Axiomatic Design AD

Pahl & Beitz (1996 ) Systematic Design SD
Blanchard & Fabrycky (2006) Systems Engineering SE
Ward (2009), Morgan (2006)| Lean Product Development LPD

Ulrich & Eppinger (2012) Systematic Design/IntegdaProduct Development  SD/IPD

One way to classify these descriptions is to userthp of design science suggested by Hubka
& Eder (1988). This classification uses two dimensi The first dimension is the different
types of design science: descriptive (describirgpihenomena of development) or

prescriptive (having a purpose to influence theettgwmment). The second dimension is to

what extent the design science is oriented towdrelproduct to be developed or towards the
process of how to develop it. Each of the sciemaadhes in Table 1 are classified according
to these two dimensions in Figure 1.



Prescriptive

A
AD sD IPD,SE
Product « >» Process
TTS LPD
A 4
Descriptive

Figure 1. Classification of science branches inspi red by Hubka & Eder (1988). The
positions in the diagram are approximate.

Axiomatic design (AD) is based on two axioms (SB9Q):

1. The independence axiom: Maintain the independehftenotional requirements
2. The information axiom: Minimize the information dent

From these axioms and other basic knowledge thesyréesign rules are formulated (Shu
1990). The axioms, the theorems and the desigs gulele designers in the design process.
The process is described as a simple loop wheredsign is compared with the specification
of the design and improved in an iterative manmeit & good enough design is achieved. The
methodology has a clear product focus and is séagpiptive nature and is classified to be in
the upper left quadrant iFigure 1

The Theory of Technical Systems (TTS) describeslésign as a system having an input and
an output with a transformation process in betw@trbka & Eder 1988). The transformation
process is dependent on the technical system utimar system and the active environment.
The TTS is of a descriptive nature and focuseserptoduct. It is therefore classified to be in
the lower left quadrant dfigure 1

The process oriented branches all describe se@lpnbiduct development processes of
different kinds. Typical steps are the ones desdrity Pahl & Beitz, who divide the process
into four main phases:

1. Planning and clarifying the task
2. Conceptual design



3. Embodiment design
4. Detailed design

Task
Market, company, economy
*‘ = A
foo
Plan and clarify the task: @
Analyze the market and the company situation éa
Find and select product ideas =
Formulate a product proposal <
Clarify the task -§
Elaborate a requirement list s
o
g
Requirements list . o
(Design specification) o T
 I—
Develop the principle solution: %
Identify essential problems <
Establish function structures =]
Search for working principles and working structures ‘g
Combine and firm up into concept variants 2 A
Evaluate against technical end economical citeria 3
| —
'~
Concept o ]
(Principle Solution) T _“_

|

Develop the construction structure:
Preliminary form design, material selection and calculation
Select best preliminary layout Iy
Refine and improve layout
Evaluate against technical and economical criteria

i:

< Preliminary layout —

'

Define the construction structure:

Eliminate weak spots

Check for errors, disturbing influences and minimum cost
Prepare the preliminary part list and production and assembly
documents

~a———— Optimization of the principle

Upgrade and improve
Embodiment design

Optimization of the layout, forms and materials

'v:

< Definitive layout v

'

Prepare production and operating documents:

Elaborate detail drawings and part list

Complete production, assembly, transport and operating instructions
Check all documents

Optimization of the production

Y

-
-

Detail design

< Product documentation —

\

[ Solution ]

Figure 2. The product development process according to Pahl & Beitz (1996)
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SD has a clear focus on the process but also mewdvice on the product to be developed.
The description is of a prescriptive nature. Fas teason SD is classified to be in the left part
of the upper right quadrant ifigure 1

Ulrich & Eppinger (2012) divide the process inte fiollowing sequential steps (Seigure 3:

Planning

Concept development
System level design
Detail design

Testing and refinement
Production ramp up

S e o

i

E.

1Y & o=
D Bﬂﬂ QQ e _&%Q________%_Q

-

. C Concept [C ’Svstem—Leve! C Detail Testing and C Production
‘ Flanning Development Design Design Refinement Ramp-Up O

Figure 3.  The product development process accordin g to Ulrich & Eppinger (2012)

These resemble the steps of Pahl & Beitz but aldode the start of production (Production
ramp-up).

The Systems Engineering (SE) model described bydBlard & Fabrycky (2006) puts a
system perspective on product development. Theugtaealisation process as described
encompasses the total life cycle of the produalr Eoordinated life cycles are mentioned:
Product life cycle, production life cycle, mainteca and support life cycle, and Phase out
and disposal life cycle. The product realisatioocess described needs to be tailored to
specific product development programs. Blanchaieb&rycky (2006) mention the waterfall
model, the spiral model and the Vee model as plessystem engineering processes. Figure 4
shows the Vee model.



“Vee” Process Model

~ |Define System
| Requirements §§ :

Testing

/_ Full Syétéﬁn
Operation and |
| Verification )

Functions to
Subsystems

__ llocate Syste __ "

Components

Verify

Figure 4.

| Detail Design fi
of Components i

Grar J.- : L

The Vee-model is one of many possible pr
engineering according to Blanchard & Fabrycky (2006

ocess models for systems

).

In systems engineering, subsystems of the prodadeveloped, tested and then integrated.

A variant of the sequential view is the one by Agatisen & Hein (1987). They describe the
process by using a matrix with parallel tracks (Sigeire 5) that are executed in an integrated
manner. The name of this model is Integrated Pitodagelopment (IPD). The tracks
correspond to the activities performed by the mamgefunction, the design function and the
production function. In Figure 5 the top trackhs tctivities of the marketing function, the
middle tract represents the design function andtiem track displays the production
function (whereas the approach by Pahl & Beitz $@sumore on the product development
process that corresponds to the middle track inr€i®).The need that is the prime driver to
start the design process is represented as a atdhd beginning of the tracks.

Determinin . t : |
the basic@ Uger inve- {‘3\%{2&_ = Repaaation Sales
heed = stigation 5 gation fot sales
"{\lne;a = Eg}eﬁm‘mm ﬂwwfle, = el wrg =|Moditication = Goquct %
e e o nia od = - =
. produiec = 65{@% % qun = Wanutacture £ adaptation
=| Consideration =] Deterwining = Determining E| Reparation 5 =
—lof process | type of ~ = prduction” H for  H Foduckion E
— type = pljodwchon =| principles = preduction =
0 4 & a3 4 5
Rccojniﬁon Tvestioation  Product Froduct freduction  Execution
of veed of n'w?o‘ rinciple design prepamtion Phase.
phase phase hase phrase phase
Figure 5. Integrated Product Development (IPD)  according to Andreassen & Hein

(1987).



The parallelism of the IPD model enables betterrmamication between different activities
compared to the linear step by step model by PaBégz. In IPD, a cross functional team
works together to solve the overall task. One wfetae IPD model is to shorten lead time by
executing activities in parallel instead of seqiadiyt IPD is in the above sense similar to
concurrent engineering, where activities of différeinctions are executed in a simultaneous
manner.

SE and IPD both have a clear focus on the proeesgrescriptive by nature and are hence
classified to be in the right part of the uppehtiguadrant in Figure 1.

Another approach is Lean Product Development desdipy Ward (2009), who divides the
process into two flows. One is the knowledge véllo and the other is the product value
flow. The knowledge value flow represents the leggiprocess in the organization. The
product value flow represents the steps neededrplete a product realization project. The
learning in the project is fed back into the knadge value flow.

Product

lue flow >

Productvarﬂ';flow >

Figure 6.  The knowledge value flow consolidates kn  owledge from the product value
flow

Morgan and Liker (2006) describe Lean Product Dewalent as a socio-technical system
governed by 13 principles. The system has three c@nponents:

1. Skilled people
2. Tools and technology
3. Process

Both variants of LPD are of a descriptive natureey focus on the process and are classified
to be in the lower right quadrant in Figure 1.

The descriptions by Pahl & Beitz, Andreassen & Hellich & Eppinger, Hubka & Eder and
Blanchard & Fabrycky originate from the traditian€EEuropean and American industry.
Descriptions of LPD by Ward (2009) and Morgan & @iK2006) originate from studies of
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the product realization process made at Toyota Motwporation and some of its supplier’s.
One of the pioneering papers describing this waioking is the one by Ward (1995).

2.1 Components and features of Lean Product

Development
Some of the characteristic features and comporeatdescribed in the following.

2.1.1 Principles of LPD by Morgan & Liker

There are several efforts to group a set of priesip the lean domain. One example is
Sobek (1999) which describes three principles ¢fEsed Design (see section 2.1.5), and
was elaborated on and tested by Raudberget (28h&)her set of principles is described by
Liker (2004). His set of 14 principles is applicalalt the firm level, while a third set that is
geared towards product development was designétbibgan & Liker (2006). Their set of 13
principles imposes working methods to be usedendisign process. One of these principles
imposes the use of Set-Based design. This prin@iaciple 2 of the 13) is not in conflict
with the principles of Set-Based design mentiort@ala (Sobek 1999). The 13 principles of
lean product development by Morgan & Liker (200& as follows:

1. Establish customer-defined value to separatsevatided from waste.

2. Front-load the product development process pdoes thoroughly alternative
solutions while there is maximum design space.

3. Create a leveled product development process flo

4. Utilize rigorous standardization to reduce Viaoig and create flexibility and
predictable outcomes.

5. Develop a chief engineer system to integrate@ldgvnent from start to finish.
6. Organize to balance functional expertise andszfanctional integration.

7. Develop towering technical competence in allieegrs.

8. Fully integrate suppliers into the product depehent system.

9. Build in learning and continuous improvement.

10. Build a culture to support excellence and ri#dss improvement.

11. Adapt technology to fit your people and process

12. Align your organization through simple, visaammunication.

13. Use powerful tools for standardization and oiz@tional learning.
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These principles are described in detail in Mor§drker (2006).

In the following some of the components of LPD @escribed. Each component corresponds
to one or several of the principles above.

2.1.2 Visual planning

Visual planning is used to visualize the staterobagoing set of activities to all involved in
or having an interest in the outcome of the ae#igitOn whiteboards resources are planned
towards the activities to be done within a spedifiene frame. The layouts of the boards are
often adjusted to suit the needs of the organimaiging them. Two common layouts exist. In
one, time is on the horizontal axis and resourcethe vertical axis. The rows on the board
(see Figure 7) represent individuals and each coligpresents a unit of time (Séderberg
2012). In the intersections between columns and istigky notes are placed to describe a
task to be carried out during the unit of time tingt column represents.

Name M|T |W|T |F | Week | Week | Month | Quarter
Dave O\agooy o |0 [] []
Lucie O/0djdmo o ododn

Eve O/0moo O

John oooop|8 |0

Peter 0000000 00 /0000
Laura O 0/mooo

Figure 7.  An example of a visual planning board. Y  ellow sticky notes represent
work tasks and red represent tasks where there is a problem..

Typically project groups have recurrent meetinggaont of the board to plan activities in the
time frame denoted by the marking on the horizost& of the board.

Another layout is to have resources like departshenfunctions on the horizontal axis and
projects on the vertical axis (see Figure 8). Tiersections represent the state of a project
activity handled by the department of that coluifime intersection can be marked with
something having colours representing the statpically red denotes problems, yellow
potential problems and green signals that evergtisOK. Marks can be sticky notes or
magnets of different colours.

The latter type of board is often used to plan ipldtprojects where achievements are made
by several departments in the same project andenhest departments are involved in more
than one project.
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Project Issue
Project 1
Project2 | []
Project 3
Project 4 B
Project 5
Project 6

O =

SRS
| | (|||
=== ==

O mEE =
| | D\ 9| O -
=N S

Figure 8.  Visual planning on projects versus funct ions. Green sticky notes
represent normal conditions. Yellow represent a sma Il problem and red a
severe problem

2.1.3 Structured problem solving

Structured problem solving in lean product develeptns often done by using a process in
the form of a loop. Figure 9 shows two of the penblsolving loops most often used in LPD.
To the left is the LAMDA loop and to the right iset PDCA loop. The capital letters in
LAMDA stand for: Look, Ask, Model, Discuss and AWard 2007), see Table 2.

Table 2. The steps of the LAMDA loop

Letter M eaning Anticipated activity

L Look Go to the place or source of the problem and dee yiourself. Do not
rely on second hand information.

A Ask Ask others about the problem. Ask five whydeepen the analysis

M Model Make a model to better understand the problems.eldathn be simple
such as a sketch on a piece of paper

D Discuss Use collected information and the model(s) andudis¢he problem with
others
A Act Decide what to do and act according to the findifigst, evaluate and go

back to Look
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LAMDA PDCA

Decide what to do Gotothe place or source of the
and act accordin roblem and look for yourself
- g P y Analyze the problem and
to thefindings lan how to solve it
Ask others about P
the problem

Look I
, \ / Plan
Act ) Ask 1
If results are good, Test the
‘ ‘ implement, — Act Do — (oiution
else back to plan L
Discuss - Model Check J
/ \

_Usethe c_ollected Make a model to better Evaluate the
information and the model understand the problem result

and discuss the problem

with others

Figure 9. The LAMDA loop (Ward 2007) and the PDCA  loop (Sobek 2008).

The PDCA (Plan, Do, Check, Act) has its originskiacthe 1950’s. One of the recent
descriptions is made by Sobek (2008). PDCA resesrthie LAMDA loop in many ways. It is
however more geared towards production but carsbd in a similar way to the LAMDA
loop. The steps Plan, Do, Check and Act are giveexéended meaning in the applications of
PDCA. Table 3 describes the steps of the PDCA loop.

Table 3. The steps of the PDCA loop

Letter Meaning | Anticipated activity

P Plan Analyse the problem, ask five why to deepen thdyarsa plan how to solve
the problem

D Do Test the solution

C Check Evaluate the result

A Act If the results are good implement else gokitacplan

2.1.4 Trade-off and limit curves

Trade-off and limit curves have a long history ngmeering design. The concept has been
brought forward by the lean product developmentenis. One typical example of a trade-off
curve is a Wohler curve describing the relatiomleein the number of load cycles and the
stress amplitude of the load when the object reatthendurance limit (see Figure 10).
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Figure 10. A Wohler curve is an example of atrade  -off curve (Boyer 1986)

A Wohler curve can be used as a trade-off curvaddoffs can be done to achieve more load
cycles by using more material to lower the str&@ten trade-off curves are the result of
extensive testing of a solution to explore thetsnaf a particular design regarding a
parameter that is important to the customer expeei®f a product. For a car it could be top

speed versus fuel consumption.
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Figure 11. The diagram shows the limit of strength of different materials at different
temperatures, from (Ashby 1999)

Figure 11 shows a collection of limit curves foe tyield strength of different materials at
different temperatures. It denotes the maximum tgatpre for an application using any of
the material types in the diagram. The diagramatsm be used to do tradeoffs. Either a

stronger material can be selected or the compowantbe made thicker to decrease the
tension.

2.1.5 Set-based design

Set-based design is an approach where multipl¢igotuor sets of solutions are explored.
The design space of each set is explored to fiadl&sign limits according to the design
intent. When knowledge about the solutions or gksblutions is gained, less feasible
solutions or parts of the sets of solutions areldesed (Ward 1995, Raudberget 2012, Sobek
1999). The process hopefully converges to oneisol(see Figure 12).
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Function 1 ‘*: (’—‘ Function 2
/--_ — . Function 3
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Time
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Figure 12. Set-Base design adapted from Bernstein (1998)
Set-Based design is governed by three principlebds 1999):

No | Principle Description

1 Map the design space Test different solutions and gain knowledge in whic
regions of the design space that they are feasible
according to customer interests. Do trade-offs betw
different solutions. Communicate sets (intervafs) o
possible solutions based on knowledge from expdorin
the capability of the sets of solutions.

2 Integrate by intersection Integrate subsystems by using sets of solutiorishthze
overlapping feasible regions. Abandon the leastilida
solutions.

3 Establish feasibility before Always explore the capability of design solutionsia

commitment assure that the solution is feasible before making

commitments towards others like customers, dowastre
functions etc.

In Set-Based Design, sets of solutions are explangdthe least feasible parts of the sets are
abandoned as the design process progresses. Eeasblals of the sets are communicated
within the product realization process and narroweiil they have converged towards one
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solution. This is in contrast to the design methogies (SE, SD, IPD, TTS) where the most
feasible solution is selected from a set of sohdiearly in the process and then explored. If
this solution is found not feasible it is iteratmdand another solution is selected. In contrast
to Set-Based Design this is often referred to astfBased Design. The descriptions of SD
and IPD have a more thorough description of they gdrases in the PD processes such as
planning and identifying the design task and deuielp the principal solutions.

2.1.6 Waste

Waste is a human activity that consumes resourabsut creating value. The first definition
of waste was given by Taiichi Ohno of Toyota (Wok&cJones 1996) who defined seven
types:

Defects in production

Overproduction of goods not needed

Inventories of goods awaiting further processingamrsumption

Unnecessary processing

Unnecessary movement (of people)

Unnecessary transport (of goods)

Waiting (by employees for process equipment teshints work or an upstream
activity)

NoOohs~wDNDPE

Womack and Jones (1996) added to this list:

8. Design of goods and services that do not meetsisegds

Since waste by its definition is unproductive oieotive in LPD is to minimize the amount
of it in all engineering processes. The first ofrigln & Likers 13 principles state:

Principle one: Establish customer-defined value to separate \added from waste

2.2 The Engineering Change Process

2.2.1 General

In this thesis engineering changes mean changes toa$sembled products that are
designed and manufactured in an industrial conEexdamples of such products in general are
cars, heavy vehicles, rock drilling equipment, auttive components, white goods, airplanes
and other mechanical or electromechanical prodiussally the documents or other sets of
information which describe the product are modifitich results in a change of the actual
product. An example could be that a mechanical aymapt is not performing well and that

its design has to be changed to make it perforteb&tDA 4965 states the following reasons
which regularly motivate the wish to initiate chasg

Legislative changes

Changes to market conditions or the competitiueasion
Internal inadequacies in development, planning anufacturing
Quiality or safety problems

hrwpE
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5. Exploitation of additional optimization potential

When the new design has been decided the doculfueatgings, part lists, etc.) describing
the new design are communicated to all departneamserned in the company and in
particular to departments purchasing and/or matufiag the product (VDA 4965). Figure
13 shows a flow chart of the EC process accordingDA 4965.

Identification of Dewvelopment of Specification of and | Tnglnetertmg P | MlanufauitL:rlng .
Potential for Change ‘Alternative Sclutions /# Decision on Change Mplementation @ mplementation ©
Change Change

M4 M5-
ECR ECreleased
decided

Figure 13. The EC-process. M1 to M6 are milestones  of the process.

M2:
Change
Potential
identified

M3z
Potential
Solution
defined

M1:
Change
Idea

Engineering changes are sometimes desired andgaldnut just as often unplanned or
unwanted. Typically in cases when the reason fangh is either of:

1. Internal inadequacies in development, planning anufacturing
2. Quality or safety problems

it is likely that that the change is unplanned, anted and implemented under harsh time
constraints.

In the following sections, the nature of enginegichanges will be described and it will be
explained why EC needs to be subject to researck. wo

The engineering change process is often dividextimd main phases. These are:
1. Engineering change request (ECR)
2. Engineering change order (ECO)

During the engineering change request phase tlsemdar change is captured, described and
analyzed. The consequences of the change areigatest If the change is found feasible it

is decided to be implemented. In the Engineerirange order phase, the documents
describing the product are changed and communi¢ateoincerned departments.

The engineering changes process resembles thegbmbekelopment process in many ways
(VDA 4965). Table 4 shows a comparison betweemthm phases of the EC process
according to VDA 4965 and the main phases of the&idess of Ulrich & Eppinger (2012).
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Table 4. A comparison between SD (Ulrich & Epping@i2) and VDA 4965

SD VDA 4965 ECR | ECO
Planning Identification of potential to | X

change
Concept development Development of alternative | X

solutions

Specification of and decision X

on change

System-level design Engineering implementation X
of change

Detail design

Testing and refinement

Production ramp-up Manufacturing X

implementation of change

The difference between the development of a nevaniof a product and an extensive
engineering change of a product can be subtle ehgaeering change process will have a
new variant of a product as its output and becatifi@s there are reasons to put the similar
demands on the engineering change process as prothgct development process

2.2.2 Product complexity and EC

Many of today’s products are complex. They oftentam a large number of parts based on
different kinds of technologies. Products basedhaittiple technologies will require expert
knowledge and multiple view of information to charthem and to understand the
consequences of the changes (Keller et al. 200®3, ih turn, will increase the number of
people affected by the change and needed intenadtiong the change process. Pure
mechanical parts can still be complex if they conszveral parts. If a part is used in several
product variants or in several different producthange in that particular part might cause
changes in several other assemblies. Dependeretsdn different parts in a product can
also cause consequential effects when the pantisged (Eger et al. 2007).

If the product architecture is made up of standaodiules with interfaces between
subassemblies and modules, it is likely that a ghanside a module or subassembly will not
affect, or propagate to, other modules or parth@fproduct as long as the interface of the
module or subassembly is unchanged.
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If the change propagates to other parts and separtd are affected, which are produced and
handled at different sites, the production anddbgifacilities at those sites will also be
affected.

2.2.3 Consequences of Engineering Changes

As mentioned in the text above, due to dependemhetgeen parts and systems a change can
cause undesired consequential effects. A changedrmpart can propagate to other parts,
systems and products.

If the changed part in its changed condition has Kee same fit, form and function as in its
previous condition the practice is to classifystfally interchangeable (SS-EN ISO
11442:2006). If it is fully interchangeable, itusually sufficient to change its version number
and keep the part number unchanged (if the veesionpart numbers are used in the
organization managing the change). If one or séwéffi, form or function of the part is
affected by the change, the practice is to clask#ychanged and the unchanged parts as not
fully interchangeabile. If the parts are not fultyarchangeable it is of utmost importance to
give the changed part a unique identity that candael in production and in the logistic flow.
This usually means that the part will be assignadwa part number different from the
number of the unchanged version. If the part isdtpn-moulded it can be wise to engrave
the part number inside the cavity of the injectwoulding tool in order to mark the new part
with the new part number. This makes it easiernigtirdjuish the changed part from the
unchanged one.

As part of the EC administration work the team ngamgithe EC has to decide about the
consequences of the change. Usually a part is elddngcause of some malfunction or a
possibility discovered to improve the part or proelit more cheaply (see above for a more
complete list of possible reasons for changes).cBmsequence of this is often that
unchanged versions of the part in the logistic feovd in stock, should be replaced by
changed versions. Common practice is that the cuesee of the EC can be classified in
levels such as those shown in Table 5 (Strom 2008):

Table 5.
Consequence Explanation
Change when suitable. (Usually) the change will be made

when all old versions of the part or
material in stock are used up. The old
version of the part is working well
and the shift to the new part is ofte
done for economic reasons.

—

Scrap all parts in production and use thefrhe old version of the part works
as spare parts. sufficiently well and can be used as a
spare part to replace the unchanged
version, but it cannot replace the
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Consequence

Explanation

changed version.

Scrap all parts in production and all spa
parts.

parts of the old version reach the

be delivered.

Scrap all parts at the customer’s.

This alternative is used when there

customer (often an OEM). The

the customers and scrap them.

Recall all parts delivered.

This alternative is used when the
malfunction of the part is so severe
that it can cause serious damage a
jeopardize the health of the user.

The logistic flow has to be managed and the remgisiock dealt with. If more of the
unchanged version of the part is needed for progluctr as a spare part, the size of the last

production batch or purchase order has

The change can also affect the tooling and theymtomh equipment. When the change is
released the team managing the change must déeidg changes to equipment or tools are

needed.

to be décide

From the above it can be concluded that the ECgs®©bas an impact on

customer. Only the new part should

a serious malfunction of the part. No
more parts should be delivered to the

supplier has to collect all old parts at

ré&his means that it is desirable that ho

is

nd

1. The environment of the product subject to changh ss logistic flow and

production

. The design of the product and consequently quatity cost of the product

2
3. The time to market of the product

According to Ulrich and Eppinger (2012), charadics of successful product development

are

Product quality

Product cost
Development time
Development cost
Development capability

ogkrwbR
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It is obvious that the performance of the EC predsdikely to affect the characteristics of
how successful the product development activitresohan industrial firm.

This fact, together with the resemblance of thepgtess to the product development
process and the resulting impact on the productldpwment activities justifies that research
is carried out on how to better perform ECs andsisdar (LPD) principles for control and
improvement as are used for the PD-process.

Table 6 contains an elaboration on some of thelpnab often associated with ECs and why
means of lean product development can probablyatéithem.

Table 6. Problems in the EC process motivatingarebeon how LPD can be used to improve

the situation.

Problem

Components of LPD that are expected to
mitigate the problem

ECs due to ill performing products in the mark
represent, in some cases, the voice of the
customer.

ein lean product development, customer value
shall be defined to separate value adding
activities from waste.

ECs are often made late in the product
development process and are in that sense a
potential reason for delay of the launch of the
product.

In LPD the design space shall be thoroughly
explored while there is time. If that is not doite
is likely that a less feasible solution is selected
close to the launch of the product.

Late execution of ECs means that they have t
cope with dependencies inside the product an
the environment of the product such as
manufacturing equipment created in the
proceeding parts of the development process.

» Same as above and also cross functional
ditdegration in the work force and visual
communication is important to enlighten

dependencies affecting the outcome of the EC.

If an EC is not synchronized with the PD proje
affected by the EC, the overview of the PD
project is lost, potentially resulting in cost,dea
time or quality problems.

ciThe same lean principles applicable to PD-
projects are probably applicable to the EC
process. Synchronization by using visual aids

communication is probably worth investigating,

for

The above-mentioned reasons motivate an invesiigatio the lean principles of Morgan &

Liker (2006) to find out if they can be used

asuadg to improve an EC-process.
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3 Research approach

Research in product development can be carriechauainy different ways. Product
Development is a highly multidisciplinary domainl€Bsing & Chakrabarti 2009) and to try

to find a general method that supports efficieseegch in this domain as a whole is a task too
difficult to incorporate in this work. The type pfoduct development that we focus on has to
be described in order to be able to narrow dowmtireber of research methods that are
reasonable to choose from. The technical framewo@hapter 2 of this thesis frames the

part of the total product development domain thatfecus on. Also, the delimitations in
Chapter 1.2 state that we focus on developmengsg#rabled mechanical and
electromechanical products which are charactetizecbntaining physical parts made of
different materials and sometimes also electrom@chhsubsystems.

With this view on product development, the typeaxfearch methods can be narrowed down.
When searching for methods some of them standsobeimg more tested, more established
and also being subject to scientific review. ThHéofeing methods were found to fulfil these
criteria:

Design Research Methodology (DRM) by Blessing ahdkegabarti (2009)
Scientific Work Process by Jérgensen (1992)

Case study research by Yin (2009 )

Action research

Process mapping by Strém (2008)

Literature surveys

Interviews

Questionnaires

. Other methods for data collections

10. Transcription of interviews

e I L

The process mapping method FLEXmap (Strom 2008)d&asloped and described to have a
tool suitable for the mapping of engineering preess It evolved from work in several
projects. FLEXmap was described in a report (St2®®8) in conjunction with the work on
papers A, B and C as a means of communicating bawsé FLEXmap.

In the following these methods are briefly desatibe

3.1 Design Research Methodology (DRM)

The intention behind this methodology is to helpeg@chers to become more efficient and
effective. DRM has a clear focus on acquiring kremigle on how to be more successful in
designing products. The design of industrial praslisca complex and multi-faceted activity.
Several different methodologies, not geared towprdduct development, were used to carry
out research in this domain, causing a risk of p@didity of the results (Blessing &
Chakrabarti 2009). DRM was created to minimize tigk and provide a reliable method
dedicated to research in product development. Taie tomponents of the DRM framework
are (see Figure 14):
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1. Research Clarification, RC
2. Descriptive Study I, DS |
3. Prescriptive Study, PS
4. Descriptive Study II, DS lI
Basic means Stages Main outcomes
Literatm_‘c = Research Clarification | = > Goals
Analysis lﬂ
Bmpirica dat.a 0 Descriptive Study 1 =" > Understanding
Analysis
i
Assumption
Experience = Prescriptive Study = > Support
Synthesis l ﬂ
Emplr.ica] dat_a Descriptive Study IT = Evaluation
Analysis

Figure 14. The DRM framework.

In the RC the research work is prepared and atakifThe researchers set the goals and focus
of the research. Research questions and hypothesésrmulated and other preparatory
measures are undertaken. In the DS | stage reléiemture is reviewed and the current
situation is investigated to achieve a better ustdeding of what has an impact on the
situation that we want to improve. In the PS staggporting measures of the current situation
are developed based on the findings from DS |. Aleans and plans on how to evaluate
these measures are developed. In DS |l the sugbestasures from the PS stage are
evaluated and necessary improvements of the supponeasures are suggested (Blessing &
Chakrabarti 2009). As indicated by the arrows guiFeé 14, iterations can be made between
the different stages in the DRM model to developebesupport in the PS stage and evaluate
this in the subsequent DS Il stage.

3.2 Scientific Work Paradigm

The approach of the Scientific Work paradigm (SWéR)ivided into two consecutive parts.
The first part is a research part and the secortdga development part. The research part
has two flows; one problem oriented and one theasnted (see Figure 15). The problem
oriented flow starts with an empirical study analgsis of a problem resulting in a diagnosis
followed by a synthesis resulting in new scientifisights. The theory oriented flow starts
with a synthesis of pieces of theory into a modae model is then analyzed regarding
validity, consistency and usefulness resultingcierstific insights. In the development part
scientific insight from the two flows are combinieda knowledge transfer activity where
practical results are assumed to be achieved thrimglementation.
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Figure 15. Scientific work paradigm (Jorgenssen 19  92).

3.3 Case study research

A case study is an empirical inquiry that inveségaa contemporary phenomenon in depth
and within its real-life context. Often the bouridarbetween phenomenon and context are
not clearly evident. The case study methodologyitable to study technically distinctive
situations in which there will be many more varegbbf interest than data points. To support
the results of a case study, multiple sources wleece are used. As data is collected the
results of a case study shall support a convergamgeption of the phenomenon studied. The

study, data collection and analysis are often gllaea theoretical proposition developed
prior to the study.

Case studies can be a multiple case study invésiggaore than one case of similar nature or
a single case study investigating only one caseKggurel6).

Some common components of a case study are:
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—_ Unit of

|/ analysis
/

1. Research questions to be answered
2. A study proposition (similar to an anticipated resd the study)
3. Unit of analysis
4. Logical links between data that will be collectedidhe anticipated result of the study
5. Criteria on how to interpret the collected data
Simple case study Multiple case study
Context Context Context
Case Case
Case
Holistic
case StUdv Context Context
Case Case
Context Context
|:| Case |:| Case
Imbedded Unit of analysis
case study ' :l - .
Context Co_n_‘gext —
Unit of analysis E'a’éé' T Case/ /
[ ]
Figure 16. Principle view of different variants of case studies.

Prior to a case study the literature is often ctteduo provide a framework for a theoretical
understanding of the cases. The framework can belpfwhen interpreting the collected data
in the case study and when formulating the studpgsition.

3.4 Action research
Action research is an approach where the reseapetngcipates in the action subject to
research in contrast to many other approaches whenesearcher is required to have a
detached role as an observer (Williamson 2002)ioAaesearch is done in a cyclic manner.
The researcher participates in an action partppzbaess and collects data to be analyzed from
the same process. The action research cycle cdedoebed as in Figurkr.
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[ Plan ] [ Results ]
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Figure 17. The Action research cycle (Williamson 2  002).

Action research is suitable for exploratory reskdectest solutions to practical problems and
gain knowledge at the same time. Action researall b seen as a means for building
transferable knowledge rather than generalizabdsviedge.

3.5 Process Mapping

When studying an empirical environment having bessnprocesses or work processes as
significant constituents, it is suitable to use sddamd of process mapping method. This can
be the case when using a framework based on &Rt or SWP. Several types of process
mapping methods exist. Examples are IDEFO (Integrddefinition for Function modeling
1993), Value Stream Mapping (Rother & Shook 1998}jvity Diagrams (UML 2.1.1) and
many more. The method used in this work is the Firad method of Strom (2008). Figure
18 shows an example of a map of an integrated wieavsection of an EC process created
using the FLEXmap method. FLEXmap has views foivAnes, Information, Organisation
and an integrated view where all the other viewa&bogether. The graphical syntax has
support to document times in the process and resswrsed. The method is implemented in
MS Visio.

Handling instruction
for test equipment

Requirements 3D models L 2D drawings

\% Simulate

Design 4h, 2d, 5d

ready \_‘
| | |
CAD tool Design Slmtulalilon
engineer a0

Test
equipment
ready

Make
prototype
5d, 5d, 10d

Test prototype
4h, 1d, 30d

Prototype

ready ’%

Prototype

1L

Prototype Rapid )
builder prototyping Test engineer

tool

Figure 18. The FLEXmap method developed by Strom ( 2008), h = hours, d= days.
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3.6 Interviews

Interviews can be of different kinds, for exampésictured, semi structured and unstructured
(Williamson 2002). Structured interviews are sugalshen answers shall be compared. In
structured interviews all respondents are askedeéhgsame questions in the same order, and
it is like a questionnaire conducted as an intevvi®emi structured interviews also have a list
of prepared questions, but the interviewer is aldwo add questions depending on the
answers. In an unstructured interview, the nexstjome is simply generated from the previous
answer. Unstructured interviews are therefore blatéor explorative research.

3.7 Questionnaires

Questionnaires are a subtype or tool to carry omeys. Surveys can be either descriptive or
explanatory. One type of questionnaire used inwlagk to support a descriptive survey is
shown in Figure 19. In the leftmost column in Fgd®, worst case scenarios are described
from different perspectives, and in the rightmagdtumn there are descriptions of an ideal
situation (in this case the project execution pssc a firm). In the middle there are five
columns representing the current state and theedksiate. Respondent’s mark how they
experience the situation today corresponding tatineent state and how they think it ought
to be corresponding to the desired state. All answee summed up and shown as hand
drawn histograms for each level. Unfilled staplexkenup the histogram of the current state
and dashed staples make up the histogram of thedeasate. Each questionnaire sheet is
designed to penetrate a certain topic. The shabeifigure is designed to support the study
of the project execution process. Different sheatsbe used for different topics. The sheets
are typically posted on the walls of a meeting raomd the respondents can walk from one
sheet to the next and put their answers on thenervdh answers are in, they are summarised
and the histogram is drawn by the respondents thleas We call this a “live questionnaire”.
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Figure 19. The result from a "live questionnaire”. Sticky notes in the figure are
suggested measures to achieve the desired state.

Instead of posting the questionnaire on the wiatlan be presented to the respondents in a
traditional way on A4 paper size to be filled ittiag down at a desk. The answers can be
summarized, analyzed and presented as histograspsdar charts (see Figure 23) by using
an office based calculation software. We call ¢hitraditional questionnaire”.

3.8 Other methods for data collection

Data was also collected through observations @ Isyt participating in meetings as an
observer, collection of narratives such as docusehtlifferent kinds, copies of e-mails,
records in databases and notes in diaries.

3.9 Transcription and computer assisted analysis

Interviews can be recorded with e.g. a tape recadsimilar device. It can then be put in
writing to provide easy access for different pugmsThis process is often referred to as
transcribing (Bryman and Bell 2007). The transatibgerviews can be analysed using
computer tools, to sort the content according tieint schemes (Yin 2009) for detection of
patterns, relations etc within the transcribed spe&he final analysis still has to be done by
the researcher (Yin 2009).
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3.10

Below follows a description of the relations betwelkfferent studies, papers and firms used

as study objects.

3.10.1

The studies in this thesis are described in papeBs C and D, and they were carried out at
the following firms (see Table 7):

Course of studies

The relation between firms and papers

Table 7. Studied firms and their type of production

Firm Type of operation

A Supplier to the automotive industry. Designs andufectures vehicle component
such as gear shifters, seat heaters, cables,lufdveomponents etc. in series
production.

B Designs and manufactures mechatronic productsasiaieasuring instruments,
optical media devices (e.qg., offline quality assumtesters) in series production.

C Manufactures rock drilling equipment in short sgrie

D Designs and manufactures made-to-order speciabparpucks in short series

E Supplier to the automotive industry. Designs andufectures vehicle components,

mainly tubing and hose components, in series pitaatuc

The involvement of the firms in the studies desauliim paper A — D is shown in Table 8.

Table 8. Studied firms versus published papers

Eirm \ Paper A B C D
A X X X X
B X X
C X X
D X X
E X

Data regarding the firm in paper A is input to papexnd C. The study in paper D is
independent of the work of the other papers, Witheéxception that the status of firm A
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before the transfer to lean product developmett &large extent mapped in the work of
paper A.

3.10.2 Methods used for papers A, B and C

Paper A is a single case study of firm A. It wastsid before the studies of firms B, C and D
commenced. At the end of the study of paper A thdiss of firm B, C and D were started as
a multiple case study. In this study parts of #msuits of the study of paper A were included
since the scope of the studies was identical. €kalts from the multiple case studies
(including firm A, B, C and D) were used in papeaiid C.

The DRM and SWP methodologies, and in particularfthmer, can be used as a framework
for the course of the studies. The SWP framework evdy partly used in the synthesis of the
LIM model in paper C. In Table 9, DRM is displayaslia framework, and the other methods
are placed at the steps where they belong. Therpéf, B and C) are listed in the rightmost
column of Table 9.

Table 9. Employed methods in papers A, B and Ciwite DRM framework.

DRM step Used methods Paper
Research Literature survey and preliminary screening of iheblem A, B,
clarification C
Descriptive study | Process mapping, interviews and exploratory singée study. A
one

Process mapping, interviews, traditional questimerand B, C

exploratory multiple case study

Transcription and computer supported analysis

Prescriptive study | Synthesis of a model of the EC process, connenfedmation A
one model and implementation in PLM. The lean princpleere used.
Program to educate users of the new EC tools. \Wonle in an
Action research manner.

Analysis to test the lean principles against tisealered problems| A, B,

in the EC process C
Synthesis to create the Lean Information Model C
Descriptive study | The use of tools was studied and reflected on A
two
Prescriptive study | Improvements were implemented in the EC-processratice A
two Product Lifecycle Management (PLM) system
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DRM step Used methods Paper

Descriptive study | The use of tools was studied through interviews A
three

After the study in paper A the author of this thdsad close contact with firm A by
participating in a training program in LPD therergad out by a consultancy firm.

3.10.3 Methods used in paper D

The work of paper D was done after the work of papeB and C. It is a two case study of
two automotive suppliers. An explanatory studyha transformation process to LPD at firm
A was made, and the coaching during the transfoom@trocess was done by the firm’s own
personnel. At the other firm (firm D) the reseatem served as coaches during the
transformation process and was highly involved in an action research manner. The used
methodology framework and methods of paper D aserd®ed in Table 10.

Table 10. Methods used at one of the case firnpgajper D

DRM Step Stepsin the action research Method used

loop
Research Literature survey and preliminary screening
clarification of the situation at the firm.
Descriptive study Live questionnaire, interviews and
one exploratory case study
Prescriptive study | Action Education in lean product development and
one suggestion on how to implement.
Descriptive study | Results and reflection Interviews, demonstrations of
two implementations by the personnel at the

firm and exploratory case study

Prescriptive study | Plan and action Advice on site on how to adjust the

two implementation

Descriptive study | Reflection on results Interviews, demonstrations of

three implementations by the personnel at the

firm and exploratory case study

3.104 Reasons for used research methodology
For all papers a literature survey was used t@getss to previously published work.
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Paper A: This paper describes the redesign of an engirgerimcess. The study was carried
out as a single case study, because this was:

1. A suitable method for studying contemporary phenume

2. A suitable method for answering ‘how and why’ queess related to the study

3. Suitable for incorporating data collection methedsh as observations, process
mapping, interviews, collection of narratives amdtigipation in meetings

The process mapping metod FLEXmap (Strém 2008)usad to get a picture of the
process subject to redesign, because:

1. Process mapping was found suitable for buildingraent state map and also a future
state map of the EC process

2. The process maps were a convenient means to coroatefioth the current and the
future state of the process

3. The process mapping method can document lead @taevwchich came in handy as
part of the study was to explore lead times dutimrggEC process

As part of the process mapping, several unstrudtanel semi structured interviews were
conducted as a complementary method for data tiolfecrhe reasons for using semi
structured Interviews were that:

1. The preparation work of semi structured intervi@assured that the interview resulted
in the answers needed.

2. The possibilities to add follow up questions, sinoswers to one question lead to new
questions.

Narratives such as e-mails, records in adminiseaystems, process descriptions and
diary notes were collected since:

1. They were an excellent means to determine wheimm steps were taken in the
mapped process

The redesigned process was communicated to thelnoagh an extensive education
program by the researcher before the final evalnaif the results. This step included action
research. The reasons for using this were that:

1. It was suitable at this stage because it alloweddkearcher to observe the
implementation of new tools, draw conclusions, ieaom observations and suggest
improvements at the same time.

2. Improvements of the new EC process could be madagh iteration between
education occasions, allowing for new observatmm&iow the improved process was
received by the users.

Paper B and C: The engineering change process was studied irfifows. For this purpose a
multiple case study was found suitable (Yin 20@nswer the question how and why
engineering changes are performed. The reasonsifoy a multiple case study were that:
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- Itis suitable for answering ‘how and why’ quesso

- It offered good possibilities to compare resultsrirthe cases. Cross case checks
could be made to assure validity to some extent

- Tools such as process mapping, traditional quesdioe, and interviews were used for
data collection in the case studies. Multiple sesraf information made it possible to
triangulate from data and draw more secure coramgsi

Paper C: This paper uses the same data as paper B. Thelggpa synthesis where an
innovative solution is suggested. For this reasamtspof the SWP framework by Jorgenssen
(1992) was used since it supports synthesis bas@devious analysis and theory. The path of
this framework was very suitable for this synthesis

Paper D: This paper has an ambition to describe and conthargansformation process to
lean product development of two similar, but aleatcasting, cases. To answer the question
how LPD can be introduced and what experienceireegaa multiple case study was found
suitable (Yin 2009). The reasons for using thatenbat it:

1. Offered good opportunities to compare data and a@velusions
2. Allowed the researchers to get close to the firoigext to study
3. Offered a possibility to study contemporary phenoanat the firms

Data was collected through a live questionnaire fidasons for using this were that:

1. The questionnaire is very transparent to all redpats

2. The analysis and the results are instant and tasespfor all respondents.

3. The instant results encourage the respondents atogg with the intention of the
research work.

4. The results from the live questionnaire shows aneag a potential for
improvement

5. The results from the questionnaire served as a gt@wting point for the coaching
activities in the study

Action research activities were used at one ofithes, because:

1. They offered a good way to get close to the firrd emroduce improvements and
follow up the results
2. New knowledge could be taught to the people afithreinvolved in the study

Semi structured interviews were carried out toestilbdata. The reasons were that:

1. They offered a good way to follow up the implemdiotaof LPD at the firms

They could be used during the coaching event wheretwas time available

3. The possibility to ask follow up questions was tural way to deepen the data
collection

N
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4 Results

In the following, the results of all studies perfad are summarized and described in four
papers that are attached to this thesis as apg=ndi®. The results are described paper by
paper. At the end of this chapter there are somentents on them.

4.1 Paper A: REDESIGN OF THE ENGINEERING CHANGE
PROCESS OF A SUPPLIER IN THE AUTOMOTIVE
INDUSTRY

This paper describes the research conducted aedlesign of the engineering change
process of a tier one supplier in the automotideigtry. The results are divided into three
main sections. These are:
1. Analysis of the situation before improvements wateduced
2. Design of improvements
3. Evaluation of improvements
Section one and section two are intertwined institese that the sequence of the new,
improved process is compared with the process rhtestate before improvements were
introduced. The aims of paper A as described irpHper are to:
1. Provide empirical data on the engineering changeqss in a firm
2. Evaluate the applicability and utility of waste deen product development principles
when redesigning an engineering change process
3. Evaluate the benefits of automating the engineerirange process in a PLM system,
essentially to reduce lead-times for informati@nsfer

4.2 Analysis of the situation before improvements w ere

introduced
The analysis section is divided into four partsetepng on the approach of the analysis. We
use the following approaches:
- Process mapping, interviews and documentation
- Lead-time data analysis
Categories of waste analysis
- Lean principle mapping

4.2.1 Analysis based process mapping interviews and

documentation
The process mapping approach begins with intervigyweople working in the process which
is the subject of the analysis. From the resuthefinterviews, a graphical representation of
the process was drawn by using a predefined gralpgyotax (see Strém 2009).
The results from this analysis are problems inojeration of ECs that are detected by using
this approach. The general EC process was mappaedlleas three explicit EC issues. In
conjunction to the process mapping interviews veargied out and documentation on EC
issues was studied. Table 11 lists the probleriswire detected.
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Table 11. Problems found related to ECM by usirggess mapping,
interviews and EC documentation

No | Problem

Al | Lack of overview of an EC issue affecting more tbae part due to a one-to-one
relationship between the existing EC document hacchanged part.

A2 | Communication in the firm made more difficult deethat seven different EC documents
were used at different sites of Supplier A for $hene purpose

A3 | Difficult to coordinate the introduction of panivhen several parts are changed

A4 | Lack of EC status information due to a lack of fafsignal from production when the
change was implemented

A5 | Lack of visibility of EC status for all involveand affected actors

A6 | Time consuming physical handling of documents

A7 | Alot of paper work in production even for smellanges

A8 | Long lead-time for approval of drawings whentonsers are involved

A9 | The use of paper documents imposes a serial mpnoegss instead of a parallel process
with shorter lead-time

A10 | Information transfer takes time, manual routinesuesed

All | No way to capture and reuse knowledge gained iprtheess

Al12 | Process was too focused on the release of the elsmagifications in contrast to a more
front-loaded process

A13 | The relation to the current process for producettgyment was weak

Al4 | Unclear roles in engineering change process

The process mapping approach, created as a maahssfanalysis, was also used in the
subsequent analysis.

4.2.2 Analysis based on lead-time data
This assessment was done by looking at the pracapsof the old informal process created
in the preceding data collection. The old proceas mapped from start to implementation

and closure of the EC with the aim of describirgeaeral case of EC. It was done at one site
of the firm. The activities in the map showed sighghe process having 7 sequential phases

as shown in Table 12. The map was then broughsezand site where people working with
EC issues were asked to scrutinise the mapping. @ small correction was needed. Lead
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time data and delays of activities from the olebmnial process were collected by asking
people at the second site working with EC issuessess the shortest and the longest as well
as the average time for each activity in the preces

Lead time data were also collected through retrasgestudies of three explicit EC cases
(not general as above) completed at the time efghidy. Methods employed were
interviews, studies of personal agendas and recdoritie PLM-system. The lead time from
the general process and from one of the explicitgsses was then plotted in a coordinate
system, see Figure 19, with time in days on th&cadraxis and the main phases of the old
general process in chronological order on the botal axis. The design of the new tentative
process was based on the same main phases foundwapping the general case.

Table 12. Informal phases of the old general ECgss.

Step Explanation

Awareness Awareness of the need or wish for change

Analysis Analysis of the consequences of the change

Decide Decision to implement the change or not

Perform Implement the change on the documentsilesgithe product

Release Release the changed documentation, internal res@abkeustomer approval of
release

Implement Implement the change in production and/or at sepjpiicluding distribution of
documentation

Close Close the issue and document lessons learned

The data collection of lead time data of the gdne@process only comprises the first five
phases. The collection of lead time data of thdiexjgC issue comprised all phases. In
Figure 20 only the first five phases are included.

The three cases (shortest, average and longests@ad-igure 20) of the general process are
drawn with thin lines and the explicit case is dnawith a thick line. The plot of the longest
process differs from the other two general cashs.ékceptional increase in lead time during
the release phase originates from very slow custameroval activities. The explicit case has
an exceptionally long activity during the analysisase, which originates from a long-time
testing activity of a material. This particular mia&l was then taken off the market and was
thereafter not available. To be able to proces&tbéssue, another material was chosen that
did not need the same type of testing. In the eitlase it is quite clear that the testing could
be classified as waste. Principle one of Morganiléet (2006) was violated.
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Figure 20. Lead time data of a general case (thin  lines) and a particular case (thick
line)

The problems shown in table 13 were identified |®ans of this analysis

Table 13. Problems found related to ECM by usiagl leme data

No | Problem

B1 | Lead times on EC can sometimes be too long dumédonsuming
testing or late customer approval of drawings

B2 | Unwanted rework and loopbacks exist

B3 | Itis difficult to follow a linear process due libopbacks

4.2.3 Analysis based on categories of waste

To further penetrate the old EC process the wagtgories and waste drivers proposed by
Bauch (2004) were used. The following types of wdisted in Table 14 were found in the
process.

Table 14. Problems found related to ECM by usingtevanalysis

No Problem

C1l Work efforts due to rework

C2 Waiting due to busy people

C3 Work due to process redundancy
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No Problem

C4 Waiting because of poor information transfer

C5 Time spent on finding information about the aj@n

C6 Time spent on unnecessary coordination becduaekoof information
C7 Physical handling of documents
C8 Knowledge is scattered and sometimes lost whe i€ issue is closed

C9 The EC process was also strongly affected hytdacks

The waste (C1-C9) was found by comparing detectebl@ms from the subsequent analysis
with the waste categories and classifying them raliieg to these.

4.2.4 Analysis based on mapping lean principles and detected

problems
In order to better understand how to improve thepEgtess, the problems found in the
investigations were compared with the lean priregpf Morgan & Liker (2006). If a
principle was violated it was used as a guide torove the EC process.

Table 15. Problems and imposed changes groupeddangdo the lean principles

Lean Principle accordingto Morgan & | Changeimposed by the principle Problem
Liker

LP1: Establish customer defined value tdnformation shall be gathered in the first B2, C1
separate value from waste step of the process to be able to focus the
work on customer value

LP2: Front-load the product developmenEront load the EC process, use an early Al12
process to explore thoroughly alternatiyeanalysis, design and test loop
solutions while there is maximum design
space

LP4: Utilize rigorous standardisation to| Process steps that are the same or very A2
reduce variation, and create flexibility | similar in the EC process and the regula
and predict outcome PD process are harmonized. One set of
documents is used in the EC process
instead of seven different variants of
documents

=

LP6: Organize to balance functional The process description of the new EC | A4
expertise and cross-functional integratiomrocess states that a cross functional team
shall be part of each EC mission.

LP8: Fully integrate suppliers into the The proagsscription of the new EC | A8
process states that a cross functional team
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Lean Principle accordingto Morgan & | Change imposed by the principle Problem
Liker

product development system shall be part of each EC mission. This
includes the purchase function, which can
include suppliers.

LP11: Adapt technology to fit your Use some kind of powerful tool to Al, A4, A5,

people and process manage ECs. An implementation to A6, A9,
support the EC process was done in the A10, A11,
PLM system of the firm. A new C5

information model was introduced

The way to draw conclusions from the improvementsdntemplating the problems and the
lean principles is based on common sense and gagpdering practice. The research team
discussed each problem and compared the problemthtprinciples. Each lean principle is
of an imperative nature for the organization whickrying to work according to the principle.

The analysis in paper A revealed that the old m®ees too focused on the release of the
change specification. One consequence of thisisthe early phases of the EC process were
not performed thoroughly. This lead to that thesogafor change and the stakeholder behind
the requested change were not thoroughly investigand consequently not always
communicated to the designer performing the changethe team approving the change.
Because of this lack of the origin of the change,EC was not always successful. At the

time of release of the changed documentation thexbbe of the EC needs to be known to
assess if these objectives were fulfilled by thengfe and the documentation could be
released.

The lean principles 1 and 2 state:
LP1: Establish customer defined value to separaigevadded from waste

LP2: Front load the product development procesxpdore thoroughly alternative solutions
while there is maximum design space.

Following these principles it is natural to suggésit information shall be collected early in
the process to enable an early analysis and aubbnovestigation of alternative solutions.
This resulted in improvement 17 (see Figure 21).

4.2.5 Design of improvements

The introduced improvements are divided into maiprovements, which in turn are
decomposed into the sub improvements illustratdegare 21.
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Responsibilities are clear Lp&
The process is front loaded and well described withanearly Lpl,
analysis, design and test loop, early gathering of 2,6,8
information and team members
1| anewEC process for both products thatare Persons involved or affected by the process are gatheredin the | Lp2
in production and products that are not yet in very beginning of the process
production, where early phases are more
thoroughly described
The process uses as much as possible regarding tools and Lp4
routines from the regular product development process to
achieve a higher degree of standardization
110 | The process is flexible to suit different cases and sizes of ECs Lpl, 11
111| Gained knowledge can be stored for reuse Lpll
|112 | The model connects the issue with all parts subject to change Lpll
12 A new information model for storing
information about changes 113 | The model relates better toinformation surrounding an EC Lpll
~.| 114 | The model is commantoall sites inthe firm. Lpd,11
13 | Anew setof documents for control and Lp4, 11
documentation of ECs to replace the seven
different sets of forms previously used
] 115} commoninput and output forms of ECs | Lpll
] | 116 | Searchfunctions for ECrecords and EC Lpll
documents
14 | Asetof functions implemented
inthe PLM system of the firm 117 | Persons involved or affected by the Lpll
process are gatheredinthe very
beginning of the process
“_|118 | Approval functions of EC records and EC | Lpll
™ documents
e | Lfe cycle management routines of EC LP11
documents
IS | Atraining packagetodisseminate | N/A
information about the new set of
improvements
Figure 21. Implemented improvements are in the box  es to the left. To the right are

decompositions of three of the main improvements. T
imposing the improvement is stated in some of the b

section
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4.2.6 Experience from use of the new process and th e new tools

The new process and the new tools were well redaavéhe firm at the time of introduction
and have been used with some success. They prawid#er overview of an EC issue, and
lead-times for information transfer were also dasesl. Some users felt that the new process
was more bureaucratic compared with the previoes ©he time to release drawings has
increased because of lack of skill among managetsow to do this in the PLM system. A
conclusion that can be drawn is that the needdacation on how to release drawings in
PLM was overlooked in the efforts to improve thefpenance of EC handling.

4.2.7 Lean principles in relation to experienced im  provements

Among the principles that are mentioned in Morgahiler (2006), principle 1, 2, 4, 6, 8 and
11 are the ones that are most useful in this ¢ag@ovements, experienced by the firm,
related to those principles were:

- A better overview of the EC issue and surroundmigrmation
- Decreased time for information transfer

These two features are of fundamental importan&CN. In Figure 22 the suitable guiding
lean principles are connected to the experienc@danements through a chain of the actual
improvement measures and in some cases a decoopadithe improvement measures.
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120 | Thedesignspaceisinvestigatedearly |Lp2
Inthe process
A better overview of I7 | The process is front loaded and
the ECis achieved well described withanearly 121 Earlygathering of the ECteam Lp6,8
analysis, design and test loop
122 | Earlycollection of information Lpl,2
112 | The model connects the issue with Lpll
all parts subjectto change
12 A new information model for storing - -
information about changes 113 | The dellil relates better toinformation |Lpll
surrounding an EC
114 | The modelis commontoallsitesinthe  |Lpd,
firm. 11
13 | A new setof documents for control and Lpll,
documentation of ECs to replace the seven Lpd
different sets of forms previously used
115 commoninput and output forms of ECs | Lp1l
116 | Searchfunctions for ECrecords and EC Lp11
documents
14 | Asetof functions implemented
inthe PLM system of the firm 117| Persons involved or affected by the Lpll
process aregatheredinthe very
beginning of the process
118 | Approval functions of EC records and EC | |p11
documents
119 | Lifecycle management routines of EC LP11
documents
112 | The model connects the issue with Lpll
all parts subject to change
Adecrease intime for 12| & new information mode! for storing : :
information transfer information about changes 113 | The mod.f:l relates better toinformation |Lpll
is achieved surrounding an EC
114 | The modelis commontoall sitesinthe  |Lpd,
firm. 11
13 | Anew setof documents for control and Lpll,
documentation of ECs to replace the seven Lpd
different sets of forms previously used
15| commoninput and output forms of ECs | Lpll
116 | Searchfunctions for EC records and EC Lpll
documents
14 | Asetof functions implemented
inthe PLM system of the firm 117 | Persons involved or affected by the Lpll
process are gatheredinthe very
beginning of the process
118 | Approval functions of EC records and EC | |p11
documents
119 | Life cycle management routines of EC LP11
decuments
Figure 22. The relation between experienced improv  ements, implemented measures

and lean principles. The experienced improvements a
the left and improvements are to the right.
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Paper A shows that the lean principles can progiddance when trying to make
improvements in an engineering change process. #awthe principles did not explicitly
provide guidance to suggest more education foigdasianagers on how to release drawings
in the PLM-system of the firm.

4.2.8 Participants from firm A in the study

Process mapping interviews were conducted at tiee tifferent divisions of Supplier A.
Between 5 and 15 persons were interviewed at eadchah. The study of lead time data (see
section 4.2.2) involved 15 persons from two divisio

4.3 Paper B: Lean Product Development Point of View  to
Current Challenges of Engineering Change

Management in Traditional Manufacturing Industries
This paper describes a multiple case study of EQ€kur firms in heavy machinery,
mechatronics and automotive industries in SwedénFamland. The study includes parts of
the results obtained in the study in paper A, wigobne of the four cases in paper B. The
study in paper A started as a single case studgr tlaere was an opportunity to extend it to a
multiple case study, which was done. The studyaipep A was in this way also extended in
time (see chapter 3.10.2 regarding research melibgglased in this work). The results are
obtained using:

1. A self assessment method (see Figure 23) wherdfé8etit parameters of an EC
process are studied

2. Interviews

3. Process mapping of EC processes
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—Current =—[asired

Engineering Change Management process
The extent of ECM processes Flexibility of the EC process

Traceability of EC documentation Resource allocation for EC processes

Productinformation exchange between companies Knowledge storage and retrieval

Information relevance and accuracy roduct data management processes and policies
Accessto information in T systems

Figure 23. Self-assessment result in one case fir m

The self assessment (see Figure 23) shows desatedasd current state of the 18 parameters.
Current state is the red line (inner, irregulantgken line) and desired state is the green line
(outer, irregularly broken line) in the spider dharFigure 23. The scale on the radial axis is
from 1 to 5 beginning in the middle of the spidexgilam with 1 and 5 at the outer
circumference. The assessment was done as a queest®in which the respondents,
assigned grades from 1 to 5 for each parametee,léMels have qualitative descriptions in
the questionnaire where level 1 is described asgvthrst state and level 5 is described as the
optimal state regarding each parameter. Each regpostate both the current and desired
levels regarding each parameter in the ECM prock®e firm where he/she is employed.
The average of all answers was calculated andeplattthe diagram. For further explanation
please see the methodology section of this thesis.

4.3.1 Analysis of the current situation
In total we found 28 challenges, some of which weem@mon all firms in the study:

1. Roles and responsibilities are unclear — notifyotigers and reacting to an EC was
often delayed, because it was not clear whose nsdpmbty it was

2. Status of the EC process is hard to find — managers not able to tell the status of
ECs related to a product

3. Knowledge storage and retrieval did not work: infation about ECs is difficult to
find — repeating old mistakes, even if similar gesbs have been solved before; not
knowing the reasons for the ECs makes it impossiblaake minor adjustments later
on in the process
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4. Problems with the usability of the IT tools (PDMssm) — ECs were not always
documented, but instead handled outside the sy®etdocumenting the changes
results in repeating the same mistakes if simitablems occur later on.

Challenge number 4 above was not classified asisyadiper A even though the case firm in
paper A was part of the study in paper B. Howetrer secondary effects of this were
detected (see paper A). One example of this isl€igd/problem A6 from paper A: Time
consuming physical handling of documents.

In addition to these common challenges, we dis@a/@4 other issues ranging from poor
process discipline to physical transport of pamsudnents. An example of the three major
challenges in each department of one of the caspanies is presented in Table 16.

Table 16. Challenges in one case firm divided lpadinent

Department Biggest challenges

=

Design No time to do EC tasks the proper way — processtisvell defined and it is not
adhered to because there is an urgency to fixekeproblem
No time or material for training new employeestia tlesign department

Setting the actual date of EC implementation ifalift

Production Not clear who should react on EC notifications hna/
Poor visibility to the progress of the EC process

EC documentation is often omitted because of operargencies

After sales Causal connection of the reason for and the comseguof a change is not clear

Delivered spare part book, user’'s manual and maatham’t match

If a problem is discovered in a machine deliveredohe customer, it is not
known which other customers have similar machimesshould be informed ¢
the problem

W N RWNEPWN

=

Documentation 1. Documentation does not correspond with as-builstraition
Not clear who should realize whether a change &ffeger's manuals and how
3. Not clear when ECs are implemented in production

n

4.3.2 Analysis based on mapping of lean principles and identified
challenges

All challenges identified in all case companiesevelassified according to what lean

principle they violated. The principles most oftealated were LP1, LP3, LP4, LP11 and LP

12. They were related to Processes and Tools &t@opy (Morgan & Liker 2006).

Principles related to Skilled people were not \iethquite as often. One firm, however, found

a significant amount of challenge in principle nianb: Developing a chief engineering

system. A graphical representation of the analysis resalshown in Figure 24. In the figure,

there is a pie chart showing to what extent thdiff8rent lean principles are violated.
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Process Skilled peaple

Broken lean F"ﬂﬂlPlEE 1. Estabhsh Customer- 5. Davelop & Chietf Engireer
Defined Value to Separske System to Integrate
Value-added from Waste. Developrment from Start to
2. Front-Load the Product Finish
Devalbpment Process to 6. Organize to Balance
Explome Thomughly Funcoonal Expertise and Cross-
Alternative Solutions while furictional Tntegration
thara is Maximum Desigr 7. Davelop Towenng Techrical
Space Compstence in all Engirssars.,
3. Create a Leveled Product | 8. Fully Integrate Supplers into
Devalpment Prooess Flow, the Product Development
4. Utdize Rigonous Systam.,

Standardizabion o Reduce 9. Build in Learmning and

Variation, and Croate Continiasus Improvement

Flewibility and Pradictabla 10, Build 3 Culture to Support

Qutoomes, Excellence and Relentiess
Improvement

Tools & Technology
11. Adapt Technology to Fit your People and Process
12, Align your Qrganization throwgh Simple, Visual
Communicatusn.
13. Use Powerful Tools for Standardzation and Organizational
Learmmng

Figure 24. Challenges categorized according to the lean principles (Morgan and
Liker 2006) that they violate.

4.3.3 Consequences and implications

The classification of the challenges accordinghlean principles provides some guidance
on how to best improve the situation regarding Ei@he case firms. The violations of
principles 3 and 12 point out the need for some kihcontrol and communication
mechanism that will induce a levelled flow in th€ Brocess as well as provide visual
communication. With the results from paper D atchauris fairly easy to jump to the
conclusion that visual planning can be the firsisfble step to take. If an introduction of
visual planning is successful and frees time, nione can be devoted to PD instead of EC.
The next step in a process of continuous improvemaumd be to fulfil principle 4 by
standardizing activities in the EC process andistyifor communality at an activity level
with the PD process of a firm. The size of the @ecin the pie chart in Figure 24 indicates
the need of an improvement of the business prateb® firms participating in the study. The
first step in such a process could be to fulfil tiwated principle having the largest slice in
the diagram, provided that this is not too cumbeiesdo do.

4.3.4 Participants in the study

Forty-two people were interviewed after they hdlédiin the self-assessment questionnaire,
and some additional people were interviewed duttiegprocess mapping of the EC process.
Table 17 shows the category of the personnel statezhch firm.

Table 17. Type of personnel participating in thedgtfrom the studied firms

Firm Type of Firm Category of personnel

A Supplier to the automotive industry} Design (mechanical)
The firm designs and manufactures Production

vehicle components such as gear | Purchasing

shifters, seat heaters, cables, drive| Service & warranty
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Firm Type of Firm Category of personnel

line components etc. in series Technical documenting
production
B Designs and manufactures Design (mechanical & electrical)
mechatronic products such as Production
measuring instruments, optical mediBurchasing
devices (e.g., offline quality IT support
assurance testers) in series Sales
production
C Manufacturer of rock drilling Design (mechanical)
equipment in short product series | Production
Purchasing

Test laboratory
Project management

D Designs and manufactures special | Design (electronics, software &
purpose trucks in short product ser|dsardware)
and as made-to-order products Production
Purchasing
Service
Sales

In one of the companies, the exact duration of Bffocases was measured. For this purpose,
another 15 people were interviewed.

4.4 Paper C: Lean Information Management Model for
Engineering Changes
This paper has the same starting point as papEh&same common major challenges among
the analysed firms and the same analysis as pegsenFigure 24 is used. Paper C further
develops the idea of using the lean principles m&ans of improving the EC process and
associated information management. Some of tHeak8principles of Morgan & Liker
(2006) have an impact on EC management and inf@matanagement. To better address
EC management and information management challetigesriginal lean principles of
Morgan & Liker were modified. The reason for thiassto gear the principles towards the
part of the environment in the firm that is suppdnivith IT tools for information
management. This way the principles better addhesglentified ECM and information
management challenges. One example of this igrgtefinciple in paper C:

LIM principle 1: Separate value-added from inforioatwaste

48



This is a modified variant of:
Lean principle 1: Establish customer-defined vatuseparate value-added from waste

In paper C there are 9 modified principles formedatoriginating from the 13 lean principles
of Morgan & Liker (2006). The principles are of iamperative nature and are used as tools to
gear the improvement process. The modified learcipies are categorized into toolboxes for
Process, Technical tools and People.

Process tool box

Separate value-added from information waste

Front load the information exchange process

Create a levelled information exchange process flow

Utilize rigorous standardization to reduce inforioatexchange channels, establish
clear responsibilities and control the transfen@eéded information

A WODNPR

Technical tool box

5 Support people and processes with adequate tecynolo
6 Use visual communication

People tool box

7 Strengthen teamwork
8 Train employees to be effective informers
9 Strive for continuous improvement

To connect challenges in EC-management and infesmatanagement with improvement
induced by the lean principles, a new model catedLean Information Management (LIM)
model was created (see Figure 25).
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Current ECM challenges

Current Current Current
LIM-process tools human factors

Process Technical Tool People

Tool Box Box Tool Box

Desired Needed Needed
LIM-process tools human factors

Change in ECM

Figure 25. LIM model to the left and the spider ch  art from the self-assessment
method to the right. A magnified image of the spide r chart is found in
paper B and in the chapter describing paper B.

The tool boxes in Figure 25 contain the modifieahl@rinciples. A firm using the LIM model
can, when gaining more experience, add this taableboxes. The LIM model acts in this
way as a storage of experience for process imprememeasures.

In order to use the LIM model, the desired statd @nrent state regarding ECM and
information management need to be identified. This be done by using the self-assessment
method described in paper B, i.e. process mappiddraerviews. The self assessment
method identifies the current state and the desitaes of the ECM and information
management process for ECs. Secondly, the chaerggmected to ECM and information
management are mapped. One starting point fonaping can be to utilize the difference
between current state and desired state. Thirdigagce from the tool boxes can be used to
select suitable means to achieve the desired chkandeCM and information management in
order to reach the desired state. An example ofthew.IM model can be used is shown in
Table 18.
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Table 18. An example of how the LIM model can bedus

Challenge Current tools Tool box of modified | ChangeintheECM | Original
lean principles process lean
principle
Process tool box
People have to go | People send the | Separate value added| Information about LP1
through irrelevant | EC notice from waste ECs is targeted to
EC notices according to wide relevant people
mailing lists
Manual makers are Manual makers | Utilize rigorous Defined role in the EQ LP4, LP6
not informed of EC| try to get standardization to process: who is
information about| reduce information responsible for
ECs through exchange and to informing manual
information control transfer of makers of the ECs
channels needed information
Technical tool box
Poor visibility of EC issues are Align your White board is used | LP12
EC progress typically handled | organization through | for visualizing
outside the systemsimple visual progress
and not communication
documented
afterwards
Production does | No component | Adapt technology to fit Include component | LP11
not know which version your people and version information in
component version information in processes ERP system
they should use ERP system
Peopletool box
Setting the time of | Time is set but it | Strengthen teamwork| Create a cross LP6

EC implementation
is difficult for an
individual designer

often changes an
causes trouble

)

functional team that
decides on the date 0
EC implementation

ECs are not
documented

Performance is
not followed

Build in continuous
improvement

Go through lesson
learned after EC
projects. This helps tg
understand if
problems occurred in
some other
department

LP9
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The rightmost column in Table 18 is added to thgimal version of this table in Paper C. In
this column, the corresponding original lean piphes according to Morgan & Liker (2006)
are added.

4.4.1 Consequences and implications

The LIM model is one attempt to develop the uskeanh principles further from the results
obtained in paper A and paper B. The idea of uied_.IM model as a means to improve the
operation of a firm and also store gained expeaeagues well with lean principle 10: “Build

in culture to support excellence and relentlessavgment” even though this is not
mentioned in the paper.

4.4.2 Participants in the study
The basis of the paper is the same as that of apgearticipants from the studied firms are
described in section 4.3.4.

4.5 Paper D: TRANSFORMATION TO LEAN PRODUCT
DEVELOPMENT — APPROACHES AT TWO
AUTOMOTIVE SUPPLIERS

To get a broader view of how lean product develapniePD) can be used, two case studies
were performed. The introduction of LPD was studietivo suppliers in the automotive
industry. Both firms introduced LPD in their PD Wor

This study comprises the introduction of the foliogzcomponents of LPD:

Customer interest A3s

Structured problem solving on A3s
Visual planning

Integration events

Knowledge owners

Knowledge value stream

ouabhwbhpE

One of the firms used a top down approach to intced_PD and the other a bottom up
approach. This affected the transformation prote$#D. The top down approach
represented a stronger larger ambition to achieaege compared to the bottom up
approach. The top down approach however, encouhlarmger resistance to change compared
to the bottom up approach.

In conjunction with this study we also made semikgtured interviews regarding
characteristic success factors of design proj@tis.main result from these interviews was
that good communication is essential to succeBdimn the supply chain of the automotive
industry.

Other results were that structured problem solvARg, visual planning and integration
events are possible to introduce into the operatarthe two case companies. To fully
establish the “Knowledge value stream” and “Customigrests” on “A3s” is more
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problematic due to difficulties to get acceptanmethis among the engineers who participate
in the study. One reason is the lack of time toneand test the methodology. Some positive
results are however noticed.

The corresponding lean principles that can givelgice in a case like this are shown in
Table 19.

Table 19. Tested LPD component connected to leaniples.

L PD component Success Lean principle
Structured problem solving TP, AC LP13

on A3s

Visual planning TP, AC LP12, LP11
Integration events BT, TP LP6
Customer interest A3s BT, AC LP1
Knowledge value stream TP, AC, DI (LP7)
Knowledge owners DI, BT (LP6), (LP7)

TP = Tests are Promising, AC = Accepted as new wwgrethod, BT = Being tested, DI =
Difficult to Implement.

Table 19 summarizes the success of the introduofitime lean components. In this
assessment TP = “Tests are Promising” means taatotimponent is proven to be successful
in practical tests. AC = “Accepted as new workingthod” means that the component is
found feasible and is formally accepted as a nevkiwg method, BT = “Being tested” means
that the component’s feasibility is tested and DD#ficult to Implement” means that the
component was tested and difficulties were enceoadtd’rentices in the right column of
Table 19 principles indicate that the lean prineiithin the brackets provide a weaker
support.

How to introduce the role “Knowledge owner” in tAB organisation is not clear. Some
attempts were made but without success duringriedf the case study.

4.5.1 Participants in the study from the studied fi rms

From firm D, in total 15 people from design, protlo, purchasing, marketing and
management participated in these studies. FromAirin total 18 people from functions such
as design, software, electronics, management, ptiod quality, test, production and project
management participated. Earlier, the previous RPidehhad been examined in a single case
study involving methods such as process mappinjcipaating in meetings of best practice
groups, conducting semi structured interviews, yahglbest practice experience records,
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process descriptions anther relevant documents, conductinga@kshop-based
questionnaire for self assessment and by assidtingg internal training courses. In total 210
people were involved in this study.

4.6 Comments on the results

In this section the results of papers A — D arero@mted based on a deeper analysis. There
are small differences between how IT tools sucR@EI systems are used and experienced in
the organisations participating in the studiesapgr A — D. The result from paper A was that
the PDM system helped shorten the time for inforomatransfer and gave a better overview
of the EC. In paper B and in paper C, the IT systame described as not being adapted to suit
the people and the processes. Also visual plangitrgated differently. In Paper A, visual
planning is not mentioned at all whereas it is nogr@d in paper C and in paper D. In paper D
the introduction and use of visual planning is ohthe key findings. This difference between
the papers originates from the fact that the caseih paper A made vast efforts in
implementing a global PLM system in their organ@abefore the study. This system
provided means for transfer of information and aareiew of an EC issue. There were no
similar efforts at the other firms at the time. Dadhe existence of the global PDM system at
the firm in the study of paper A, visual plannirgyar became an alternative as it did in paper
C and paper D. Paper D also included the caseriqmaper A, but the study in paper D was
done three years later and during the time betvlezse studies the view regarding visual
planning was changed at the firm in the study @epah.

Another observation that can be made is the fattthe lack of competence among design
managers to release drawings that was found isttlty in paper A indicates that principle
11 was not applied on the technical solution fis furpose.
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5 Discussion

In this chapter reliability and validity is disces and the research questions and answers to
them are described.

5.1 Research questions

RQ1: How do thelean principles match the current problemsin ECM?

Paper B shows that seven of the 13 principles cbelchatched to problems to a larger extent
than the remaining 6, but all principles could batched to some problems found in the case
study of paper B.

RQ2: How can thelean principles provide guidance on how to improve an EC process?

In paper A, 23 unique problems were found, andheirt 13 could be matched to six of the 13
principles of Morgan & Liker (2006) resulting in anplemented improvement. Even though

not tested in this study there is nothing found #peaks against using the lean principles of

Morgan & Liker (2006) as guidance to find improvertgeeto mitigate the rest of the detected

problems.

RQ3: How can thelean principles provide guidance in a transformation processto
LPD?

In the subsequent analysis of the results of pBpéris shown that guidance on how to
implement the following components of LPD coulddogported with lean principles:
Structured problem solving on A3s, Visual planniimgegration events and Customer interest
A3s. The implementation of Knowledge owners anchawledge Value Stream could be
supported, but the relation to a lean principle watsas obvious as for the other components
mentioned above.

5.2 Remaining knowledge gaps
The following are some detected knowledge gapsvilkad not investigated:

5.2.1 Usability of administrative IT-systems for ma  naging ECs
The following knowledge gaps were detected butfuldt investigated in the study of paper
A and paper B:

- In paper A it is reported that there were diffiestto release drawings in the
administrative system of the studied firm
- In Paper B it was reported that there were diffieglto manage EC in PLM systems

How and if the lean principles can be used to imerine management of ECs in
administrative systems such as PLM regarding usabil the administrative system was not
investigated. Nor were the IT systems capable ofrdmuting to fulfil all lean principles fully
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investigated. The reason for not investigating Was that resources for doing practical
implementations were limited.

5.2.2 The use of visual aids in the EC process

Visual aids such as visual planning (Soderberg P@E2e not tested as a means of improving
the performance of the EC process, because theyplfirm A prioritized other

developments of their way of working, at the tinfi¢he study.

5.2.3 The capability of the LIM model

The LIM model of paper C remains to be tested acfpcal applications. The reason for not
having done this is limited resources and time.

5.2.4 Mapping of the transformation process towards lean

principles
In the study of paper D, all steps of the transfaron process and all implemented
components were not fully mapped to the lean ppiesiof Morgan & Liker (2006). The
purpose of the study was originally to follow tharisformation to LPD at the firms
participating in the study. In this thesis, Morga®& Liker’s principles are compared with the
results of the study but not actively used whenstinely was carried out. It remains to
investigate how the lean principles can be usegeygtin the transformation process from
traditional product development to LPD. The reasomot having done this was the limited
time available when the study was carried out.

5.2.5 Longitudinal study of the transformation proc ess towards LPD

In the study of paper D, the transformation proeess studied during a limited time. The
long time effects of the transformation processR® were not studied. The reason for this
was the limited resources and time available ferrdsearch team.

5.3 Reliability

Regarding papers A, B and C, observations were fadeur different researchers.
Collected data was scrutinized by all four. Mukiglources of evidence such as interviews,
process mapping, and narratives such as mailsyelateds and process descriptions were
used. Published results were reviewed by repretbezaaof the studied firms. In the lead time
study of paper A, the results of the process mappias scrutinized by other representatives
of the firm than the ones participating in the miagpThe accuracy of the process maps was
found to be very good. The lead time data collectad of a reliable type such as dates on
mails, dates of meetings confirmed by more thanpamdcipant and dates of records in
administrative IT systems. There were no contrazhstbetween the collected data.

Regarding paper D, observations were made by &a@archers in one of the cases and by
two of them at the other firm. On some occasioesghvas only one researcher. The latter
condition could cause a weaker reliability in th&ticular case. However, observations were
communicated frequently with a representative efdase company which probably to some
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extent compensated for this fact. The results wariewed by representatives of the studied
firms.

Enough information is provided in this thesis apgended papers to aid other researchers to
repeat the studies and compare results.

The above-mentioned circumstances strengthen libbiligy of the collected data.

5.4 Validity

Regarding papers A, B and C, data was collectatudifferent methods, and also multiple
sources of data were used. The studies leadinget® tpapers were compared in a multiple
case study and very little inconsistency was disoed. Key informants have reviewed
scientific publications based on the findings. T$tiengthens the validity of the results (Yin
2009), as does the fact that the problems androstances found regarding ECs were similar
to the results of many other studies. The resudt® also found to be supported by other
studies (Huang 1999) arikosz & Malmqvist (1998). Pikosz & Malmqvist (1998) studied
changes of aircraft components, which are subject to rigorous safety regulatiorigeimwork
describes a thorough investigation of design smhgtiwhich is carried out early in the EC
process. This is in line with the improvements |sged in paper A, and it also conforms well
with the lean principles. In paper A, the focusislead time and in the aircraft case of
Pikosz & Malmqvist (1998) the focus is rather owéwing risk. Risk reduction is a clear
intention in LPD (Raudberget 2012), and it is alaplicitly supported by the lean principles
of Morgan & Liker (2006). In the study of Huang @89, a list of influential factors of ECM
is presented. The most significant barriers to sssiul ECM listed are poor communication
and late problem discovery resulting in quick fotugions. This is very similar to the results
of paper A and B. In the studies of Eger (2007 Egller (2005), the change propagation is
highlighted. This is not highlighted in the studieghis thesis, however, it can be seen from
the results in paper A that there is sensitivityt@xpected impact resulting in rework.
According to Eger (2007), the product developmeatess and its environment should be
regarded as a system, involving product, procedganple, where impact in one end can
cause undesired effects at the other end. Thieagery well with the results from both
paper A and paper B, even though change propagatianphenomenon was not highlighted
in these paper3.he collected data also have great resemblancestatidards describing the
EC process (ECM Recommendation Part 0, VDA 4968)saandards describing the
document management process (SS-EN ISO 11442:2006).

Regarding paper D, the results were compared aceses in the multiple case study and
communicated to key informants. Rival explanatioese used. Several individuals at the
case firms were interviewed, and in that sensermifit sources of information were used.

Table 20. Criteria of what is valid design reseacbording to Cross (2007) and fulfilment in
the presented work.

57



Criteriaby Cross

Fulfilment

Purposive — based on identification of an
issue or problem worthy and capable of
investigation

Paper A, B and C: ECs often have a great
impact on the capability of a firm developin
and manufacturing products. Lean principl
seem to have a potential to be of guidance
when trying to improve EC process
performance

Inquisitive — seeking to acquire new
knowledge

Paper A, B and C: Knowledge about the
feasibility of lean principles applied on EC
sought

Paper D: Knowledge about the

transformation to LPD was sought. Measu
and objectives in the transformation proces
were compared with the lean principles

Informed — conducted from an awareness
previous, related research

pPaper A, B, C and D: Studies of research ir
EC and LPD has preceded the conducted
research. Also studies of design theory we
carried out

Methodical — planned and carried out in a
disciplined manner

Paper A, B, C and D: Scientific research
methods such as DRM and case studies
methodology etc. are used

is

N

Communicable - generating and reporting
results that are testable and accessible by
others

Paper A, B, C and D: Four scientific papers
have been published

The criteria in Table 20 are fulfilled, which

cabuites to the validity of the results.

g

£S

[es
5S

The fact that the results were accepted by reptatess of the studied firms also enhances
validity. Buur (1990) suggests the following criteof validity of design theories through

verification by acceptance:

The dominant portion of firms in the study

comeamfrthe automotive, truck and vehicle

Statements of the theory (axioms, theorems) arepaable to experienced designers
Models and methods derived from the theory arepabée to experienced designers

section of the Scandinavian industry. That, thevabwentioned reasons and the fact that the
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studies mainly concern assembled mechanical astt@eechanical products, makes the
results valid for these types of firms and produrcts Scandinavian context.

6 Conclusion

Given the results mentioned in earlier chaptersthadeliability and validity of the results,
the following can be concluded regarding the leamcgples of Morgan & Liker (2006):

- There is a good match between the problems cormhexteCs at the studied firms and
the lean principles.

- Lean principles can be used as guidance when inmg@n EC process in the
industrial context of this research.

- There were no contradictions found between imprar@sof an EC process and the
lean principles.

- Lean principle one, six, eleven, twelve and thimte&plicitly and principle seven
implicitly support transformation to Lean Produa\2lopment at a supplier of
mechanical and electromechanical products in theckeeindustry.

- A better overview of ECs and a reduction of theetiior information transfer are
achieved when an EC process is designed accomlithg tean principles.
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