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The requirements set by the market for electrical machines become increasingly demanding
requiring more sophisticated technological solutions. Companies producing electrical ma-
chines are challenged to develop machines that provide competitive edge for the customer for
example through increased efficiency, reliability or some customer specific special require-
ment.

The objective of this thesis is to derive a proposal for the first steps to transform the electrical
machine product development process of a manufacturing company towards lean product de-
velopment. The current product development process in the company is presented together
with the processes of four other companies interviewed for the thesis. On the basis of current
processes of the electrical machine industry and the related literature, a generalized electrical
machine product development process is derived. The management isms and —tools utilized by
the companies are analyzed. Adoption of lean Pull-Event —reviews, Oobeya —management and
Knowledge based product development are suggested as the initial steps of implementing lean
product development paradigm in the manufacturing company. Proposals for refining the cur-
rent product development process and increasing the stakeholder involvement in the develop-
ment projects are made.

Lean product development is finding its way to Finnish electrical machine industry, but the
results will be available only after the methods have been implemented and adopted by the
companies. There is some enthusiasm about the benefits of lean approach and if executed suc-
cessfully it will provide competitive edge for the Finnish electrical machine industry.
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Markkinoiden séhkdkoneille asettamat vaatimukset Kiristyvat koko ajan ja niiden tayttamiseen
tarvitaan aina vain hienostuneempia teknisia ratkaisuja. Sahkomoottoreita tuottavat yhtiot
kohtaavat haasteen kehittdd koneita jotka tarjoavat asiakkaalle kilpailukykyéa
energiatehokkuuden, luotettavuuden tai jonkin muun asiakaskohtaisen erityisvaatimuksen
muodossa.

Diplomitydn tavoitteena on muotoilla ehdotus lean tuotekehitykseen siirtymisen ensimmaisista
askelista sahkokonetuotekehityksen osalta valmistavan teollisuuden yrityksessa. Yrityksen
nykyinen tuotekehitysprosessi esitellddn yhdessa neljain muun tyotd varten haastatellun
yrityksen s&hkokonetuotekehitysprosessin kanssa. NyKyisten prosessien ja Kirjallisuuden
perusteella muotoillaan yleismuotoinen sdhkokonetuotekehitysprosessi. Yritysten kayttamia
johdon ismeja ja —tyokaluja analysoidaan. Valmistavan teollisuuden yritykselle ehdotetaan
Pull-Event —katselmuksien, Oobeya —johtamisen ja tietoperustaisen tuotekehityksen
(knowledge based product development) kéyttoonottoa lean tuotekehityksen ensiaskeliksi.
Ty6ssa annetaan ehdotus myds nykyisen tuotekehitysprosessin jalostamisesta ja
vastuunkantajien (stakeholders) tiukemmasta sitouttamisesta tuotekehitysprojekteihin.

Lean tuotekehitys on l6ytdmassa tiensd suomalaiseen séhkokoneteollisuuteen, mutta tuloksia
sen hyodyistd saadaan vasta kun kaytdnnot on otettu kayttéon ja omaksuttu yrityksissa.
Innostusta lean tuotekehityksen hyddyista on aistittavissa ja onnistuneesti kayttoonotettuna se
voi tarjota kilpailuetua suomalaiselle séhkdkoneteollisuudelle.
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1 INTRODUCTION

1.1 Background

Electricity is vital for modern society as it enables low-loss transfer of energy over long dis-
tances and makes it possible for us to enjoy central heating during winter and air conditioning
during summer. Even though heating is rather a pleasant commodity in the northern part of the
globe as well as the air conditioning is in the tropic, in developed countries the major part of
the electricity is consumed by industry. For example in Finland during the 4™ quarter of year
2011, industry used 46 % of the produced electric energy (STATFI 2011). Figure 1.1 depicts
the power consumption in 4™ quarter of year 2011 broken down by sectors.

Other; 13%

. Industry; 46%
Heating of

buildings; 24 %

Traffic; 17%

Figure 1.1. Power consumption of different sectors in Finland during 4™ quarter of year 2011 (STATFI
2011)

Electric-motor-driven systems form the most common load type in the industry and also a sig-
nificant part of the load in the tertiary sector. In the European Union (EU), motor systems use
about 70 % of the electricity consumed by industry and about a third of all electricity con-

sumed in the tertiary sector (de Almeida, et al. 2001).
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The operating costs of motor systems are dominant over the acquisition costs in industrial ap-
plications. Estimates of the impact of energy cost on the product lifetime total cost vary from
77 % to as high as 98 %, depending on the source of the information. During its lifespan, an
electrical motor consumes energy worth of multiple times its purchasing price (Aarniovuori
2010; Bartos 2005; Prator 1998). Increasing the awareness of the total lifetime costs of elec-
trical motor systems has led to the point where the buyer is ready to pay more to get an effi-
cient motor. To maximize the efficiency motors have to be dimensioned correctly to fit the

application.

In today’s tightening competition, manufacturers strive to offer supreme quality, reliability
and user friendliness for their customers. As products and applications grow more specialized,
they also set more specified requirements for motors used in them. Nowadays, the required
special, or non-standard, motor properties can be almost anything from minimum torque ripple
to maximum starting torque, or from nominal speed to frame size, depending solely from the
application the motor is used in. This may lead in a situation that the classic one-power-level-
over-dimensioning principle for standard induction motors cannot be used if the over-
dimensioned motor meets the requirements poorly. This may be the case in applications that
require high efficiency; motor of required power may not be available, due to the rough power
level stepping of standard motors. Also other properties, or rather the combination of proper-
ties, of a commercial motor may not meet the requirements of the application. It may be that a

motor of sufficient power is found, but its nominal speed does not match the specification.

One possible solution for meeting uncommon motor specifications is to order a customized
version of a standard motor from the supplier. This of course increases the costs, but the
amount of the cost increase depends on the changes that are made in the motor. When custom-
ization of a standard motor does not yield satisfying results in improving the properties of the
motor, developing an own specialized motor for the solution is the only viable option. This of
course is multiple times as expensive as buying a commercial product, but if the product gains
competitive edge in the market through the motors improved properties, the investment is jus-
tified. To minimize the risk involved with developing new products, every company tries to

maximize the efficiency of its product development (PD) functions. Effective execution of PD
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allows the company to react swiftly to changing market demands by minimizing the time-to-

market along with the resources and investments required in the process.

1.2 KONE CORPORATION

1.2.1 History

KONE Corporation is a global elevator and escalator manufacturer. The company founded in
Finland in 1910 and at that time it had 10 employees. The first KONE elevators made with
Finnish components were installed in 1918. The oldest KONE elevator still in service is the
13™ elevator delivered by KONE and it was installed in 1919 in Helsinki. This may give an
idea about the lifetime of KONE’s elevators. (History of KONE 2012)

During the years, the small company grew and through some large corporate acquisitions like
the acquisition of ASEA’s elevator business in 1968, or the Westinghouse’s European opera-
tions in 1974, it gained strong position in the elevator market. From the various acquisitions
along the way, KONE inherited many kinds of businesses and it has manufactured many kinds
of goods over the years; from carbide lamps and ice hockey skates to cranes and wood-
handling systems. In the beginning of the 1990’s the diverse corporation had become too diffi-
cult to manage and KONE sold all other operations to focus on its core competence area; ele-
vators and escalators. (History of KONE 2012)

In the past an induction motor with a worm-gear was the most common type for hoisting ma-
chine in KONE elevators. In 1996, KONE released its revolutionary EcoDisc® axial-flux
hoisting machines along with its machine-room-less elevator KONE MonoSpace® (History of
KONE 2012). The first EcoDisc® motors belong to the MX-motor family that has since grown
to include nine motors covering the elevator range from small residential buildings to the
highest skyscrapers. In addition to these KONE has developed specialized motor solutions for

its escalators and for modernization of old elevators.
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1.2.2 KONE Today

KONE is one of the global leaders in the elevator and escalator industry. KONE’s vision is to
deliver the best people flow experience and strategy to deliver a performance edge to its cus-
tomers by creating the best customer experience with innovative People Flow® solutions.
(KONE Corp. 2013)

Currently KONE has some 40,000 employees in some 50 countries across the world and an-
nual sales that reached EUR 6.3 billion in the financial year 2012 (KONE Corp. 2013). Some
800 of the employees are working in the various tasks of R&D. KONE has a hoisting machine
development organization with global responsibility over the motor development functions in
Hyvinkad, Finland. Another hoisting machine development organization is located in Kun-

shan, China. KONE’s global operations are presented in the Figure 1.2.

Hyvinkaa
Helsinki
Essen A
.. Usti nad Labem
‘ Coal Valley Cadrezzate ‘ 0
@® Allen
.Torreén ‘Kunshan

. Chennai

KONE is present
Head office
@ Global R&D site
@ Production site

KONE collaborates with authorized
distributors and agents in over 60
countries

Figure 1.2. KONE’s locations worldwide (KONE Corp. 2013)

KONE designs and manufactures the motors used in its elevators to ensure the best eco-

efficiency and ride comfort possible. In 2012 KONE announced the followers of its axial-flux
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MX-motor family; the first motors of the new NMX-motor family together with renewed
MonoSpace® elevators. KONE hoisting machines act not only as motors, but as generators
also. The machines feed energy back to the network whenever excess energy is produced by

the elevator for example during deceleration of the elevator car.

1.3 Objectives and scope of the study

So far in KONE Corporation (KONE), hoisting machineries have been designed as individual
projects with no clear process description at the actual machinery design, although KONE has

established a process for new product design at more general level.

The objective of this study is to analyze the electrical machine development process of KONE
and four other companies that manufacture electrical motors in order to derive a proposition
for improving the process for developing hoisting machineries at KONE through lean product

development principles.

1.4 Structure of the study

The structure of the thesis is briefly introduced below:

Chapter 1 gives backgrounds for the electrical machine development trends and basic infor-
mation about KONE Corporation is presented along with a description of the structure of the

study.

In chapter 2, the product development process is discussed on a general level and related pro-
cess models are presented along with process development tools and management isms used

by the industry today. The basic principles of designing electrical machines are also presented.

In chapter 3, the product development processes and management isms used by the companies
are described on the base of interviews of the companies’ representatives. Companies other

than KONE and their processes are presented anonymously and are referred alphabetically on-
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ly as companies A, B, C and D. The interviewees are not identified in this study, but their po-

sitions in the companies are given in the references.

In chapter 4, the electrical machine development processes are analyzed to identify any major
differences between the companies. A general electrical machine development process is de-

rived on the base of the five processes.

In chapter 5, improvements based on the current management isms and findings of chapter 4
are proposed for the electrical machine development process of KONE Hoisting Machinery
Category to initialize the transmission towards lean product development.

In chapter 6, the general electrical machine development process, the proposed improvements

and possible future actions for improving product development process are discussed.
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2 PRODUCT DEVELOPMENT OF ELECTRICAL MA-
CHINES

Although the basic equations that describe rotating electrical machines are well known, large
Research and Development (R&D) units are still needed to design new machines, despite the
stunning pace of development in computer calculation power and computer-aided design
(CAD) tools that has continued for the latest decades. Electrical machine development aims to
optimize the machine to fit the application seamlessly. It requires vast amounts of calculations
to fine tune the machine and the work may take months, even years, whereas a simple calcula-
tion algorithm will produce a solution that fits the purpose at some rate. New calculation tools
allow more accurate optimizing of the machine as the calculation time reduces. The tools of
R&D are continuously developed to be more efficient and the way of working in product de-
velopment projects should also evolve accordingly.

The ability to design new products is the lifeline of a technology oriented companies, as the
company with the most innovative and technologically advanced product with a competitive
price tends to get the biggest share of the market. It is thus in the company’s interest to get the

product development to function as fluently and effectively as possible.

Companies strive to reduce the risks involved with product development. Possible sources of
risks are the market acceptance, profitability, technological feasibility, quality, reliability and
time-to-market. If the product enters the market without demand or after the competitors have
taken over the market, the company’s investment in the PD may be in vain. Same applies if
the products’ quality or reliability is poor. This may affect the company’s reputation and re-
duce the market share. The company has to balance the risk involved with the product so that a

profitable product reaches the market in time to compete and is also reliable and competitive.

In the beginning of a development project, when the risks are highest, the company’s com-
mitment to the project is low as is the capital the company is ready to invest to the project. As

the idea is refined and the risk reduced, the company is ready to commit more to the project
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and invest to it. As the project matures and proceeds towards the market launch of the product,
the development of the product is decreasing the risk until it settles to some constant level.
There is no new product that would be completely risk free for any company. At the same time
the development costs cumulate and increase the development cost of the product. The com-
pany has to determine a suitable time to make the market launch, where the risk is manageable
and the cost is reasonable. Overdevelopment may give some other company the advantage of
entering the market first and in the other hand underdeveloped product increases risks. Figure

2.1 represents the relationship of product development cost and new product risk.

Market
launch

Risks

Cost

=
Cd

Commitment

Figure 2.1. Relationship of new product risk and development cost in product development project

2.1 Product development as a process

According to Cooper (1996) there are three cornerstones for successful product development
and they are; process, strategy and resources. Having a high quality new product process is the

most influential of the three critical success factors.

Traditionally the product development is usually described as a linear, point-based develop-
ment process, where a single solution is chosen as a base for the development in the early
stage of the project. The project commits to this decision and develops this chosen concept

through test-and-fix loops.
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It is emphasized by Cooper (1996) that the fact that a company has a formal product develop-
ment process does not guarantee a high performing new product development. He utilizes the
term new product development (NPD) to highlight the fact the he is talking about the devel-
opment of completely new products, not about redesigning old products. He also points out
seven essential ingredients for a high quality NPD process:

1. Solid up-front homework
e Build detailed homework (preliminary study) phase into the NPD process.
e Make sure no project enters development without this homework.
2. Sharp, early product definition
e The definition includes: the target market; the product concept, its benefits and
positioning strategy; the requirements for the product and high level specifica-
tions.
e Make sure no project enters development without a product definition, agreed
to by the project team and signed off by senior management.
3. Strong market orientation (voice of the customer)
e Focus on the customer to identify needs and wants and to solicit new ideas.
e Ensure that customer tests are organized before commercialization.
4. Tough Go/Kill decision points in the process
e A gating mechanism featuring a series of rigorous Go/Kill decision points is es-
sential for the NPD.
e Move towards funneling process where mediocre projects are culled out at each
gate and resources are focused on the meritorious projects.
5. Quality of execution throughout
e Set high standards for the gate reviews and make the gates the quality control
check points of the innovation process.
e Quality of execution is one of the key drivers of cycle time reduction.
e “Taking the time to do a quality job saves time later!”
6. A complete, thorough NPD process
e Flexibility and shortcuts can be built in for lower risk projects.
e For significant and high risk projects, adopt and adhere to a disciplined, thor-
ough NPD process.
7. A flexible process
e Remember that the NPD process is a risk management model and the adher-
ence to every step depends on the risk level of the project.
¢ In aflexible process stages can be collapsed and gates combined.
e These decisions are made consciously, ahead of time and at the gate decision
points, not on an ad hoc, spur-of-the-moment basis.

These points should be kept in mind when renewing the NPD process of any company, even

though the point-based approach towards product development is not used everywhere. For
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example Oosterwal (2010) promotes set-based development over the traditional point-based,

but the message of the points Cooper (1996) highlighted applies also in that approach.

2.2 NPD process models, tools and management isms

NPD project is a rather curious creature to be described accurately with a single model, as they
come in all shapes and sizes. Due to the great variation in the actual projects different compa-
nies and instances have least as many ways to describe the entire NPD process as there are
companies running NPD projects. Normally the driver for process modeling or mapping is the

desire to increase the efficiency of the process.

The methods for modeling and improving processes are heavily affected by the current man-
agement trends. Today’s methods differ from those that were in use during the 1990’s and
surely ten years from now, we are using different methods than today. Some isms also seem to
experience some sort of a renaissance, in some form or another, after being forgotten for some

decades.

In literature, concurrent engineering (CE) has been an integral part of the product development
management paradigm family since the early 1990’s and constantly evolving it is still actively
applied in new companies (Swink, et. al. 1996 I; Kincade, et. al. 2007). According to Rikkila
(2010) lean product development (Lean PD) and agile product development are more recent
additions to the family of PD management isms. In this chapter these isms and some of the

most commonly used modeling methods and tools are discussed briefly.

2.2.1 Gantt chart
The interest in process modeling woke at the beginning of 20™ century, when Henry Laurence
Gantt developed his chart for following the scheduled and the realized progress of a specific

project. These charts are still today known as Gantt charts. (Kumar 2005)

Gantt chart is formed by placing each task of a project to its own row in the chart. Each task’s

starting and ending times are then marked according to the calendar dates running along the
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top of the chart. Current date is displayed as a vertical line over the chart according to the cal-
endar dates and current date. By locating the tasks that are crossing the “today”-line, one can
see which tasks are running. On the left from the line are the tasks that have been completed
and on the right those that are about to start in the future. It is also possible to mark the cur-
rent completion status of the tasks in the Gantt chart by drawing another bar for each task and
updating it as the task proceeds. In small projects this may be useless, but when managing a
larger project it may come in handy. In addition to the tasks also important turning points of
the project can be marked as milestones. A good example of a milestone could be a design re-
view. Milestones can be marked with any kind of a symbol, but one of the most commonly
used is a triangle that points downwards.

Gantt charts have achieved a strong position among management in the industry due to their
ease of use and they are commonly used all over the world by project managers and team
leaders. An example of a Gantt chart with five tasks and one milestone is presented in Figure
2.2.

tammi 2013 halmi 2013
1D Task Name Start Finish Duration
.?ﬂl.?ﬁ 1|2|3|-f[5|6|T|B|Q‘\‘O|H|TE|1S|H
1 | Milestone 1 13.2.2013 13.2.2013 0d v
2 [Task1 30.1.2013 1.2.2013 3d | ]
3 [Task2 422013 52,2013 2d _
4 [Task3 5.2.2013 7.2.2013 3d —
5 [Task 4 722013 822013 2d [ ]
6 |Task5 11.2.2013 12.2.2013 2d [ ]
Figure 2.2. Basic Gantt chart with five scheduled tasks and one milestone

By observing the red “today” —line one can see that tasks 2 and 3 are running and task 4 is

about to start day after tomorrow.

2.2.2 Flowchart
Flowcharts are graphical representations of logical sequences, processes, algorithms or similar
structures (Damij 2007). They are widely used in various tasks ranging from functional de-
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scriptions in software development to management of projects and processes for their univer-

sality and simplicity.

A flowchart represents a sequential process from the beginning to the end. The process can
also include loops or parallel sub-processes. Each step of the process is represented by a sym-
bol and they are connected with arrows to depict the flow of the process. The symbols include:
start and end, activity, input and output and decision (Damij 2007). A simple flowchart is pre-

sented in Figure 2.3.

Data output

Figure 2.3. Basic flowchart

The start and the end of the process are depicted with terminal symbol, a rectangle with round
ends, inputs and outputs with parallelogram, actions with rectangles and decisions with dia-
monds. In the flowchart of Figure 2.3, data is inserted in the process at the beginning (Data
input) and some actions are taken (Action 1). Then the data, or the state of the process, is
evaluated in the decision block (Decision). Decision symbol contains a simple condition that
determines the next step in the process. If the condition is filled, the process continues, other-

wise the process waits for new data input. After the decision block is passed, the data is shared
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for two parallel steps that are performed simultaneously (Action 2 and Action 3). After this
some actions are taken and the data is put out from the system before terminating the process
(Action 4, Data output and End).

2.2.3 Stage-Gate

Stage-Gate, also known as phase-gate, is a modeling method commercialized by Robert G.
Cooper and Scott J. Edgett (Stage-Gate 2013). In State-Gate model the NPD process is divided
into smaller stages with “gates”. The actual work is done inside the stages in parallel projects,
but the gates monitor and keep up the quality standards for the work done. (Cooper 1990 &
1994; Hamél&inen 2011)

A gate can be described to be like a quality checkpoint in a factory assembly line, where the
quality of deliverables of the proceeding stage is inspected and evaluated. As an output the
gate gives a decision, for example Go, Hold, Recycle or Kill. The process cannot move for-
ward to the next stage without a “Go”-permission from the gate (Cooper 1994). Typical Stage-
Gate model of a NPD is presented in Figure 2.4.

Detailed Full
Investigation Production
Preliminary (Business Case) Testing & & Market
assesment Preparation Development Validation Launch

Idea Initial Second Decision Post Pre- Post
Screen Screen on Development Commercialization Implementation
Business Review Business Analysis Review
Case
Figure 2.4. Stage-Gate model as presented by Cooper (1990)

In the 2" generation Stage-Gate model, gates are predetermined and if some criteria for the
deliverables from the previous stage are not fulfilled, the process halts. In some cases this
could be seen as a unnecessary hold-up, since some deliverables may not be crucial for the
next stage, or that they can be finalized during the next phase.
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In order to avoid pointless delays in NPD, more flexibility is required. Cooper suggests that 3"
generation Stage-Gate model could have some overlapping in the stages and conditional deci-

sions in the gates in order to increase fluency of the process. (Cooper 1994)

2.2.4 PDCA
The Plan-Do-Check-Act (PDCA) cycle is a development cycle that is used to implement con-
tinuous improvement. It provides the steps that they need to take for implementing the sugges-

tions. The method was popularized by W. Edwards Deming. (Deming 1982)

The steps of PDCA cycle are:

e Plan
- Set the goals for the improvement
- Decide on the actions that should be taken to reach the set goals
e Do
- Set your plan in action. If possible, start small.
- Gather data about the performance of the process, or whatever you are improv-
ing
e Check
- See what kind of results the actions yielded
- Compare to the set goals
e Act

- If the results differ from the goals, take corrective action

The PDCA is very light and easy to understand as the goal is to involve every employee in the

continuous improvement without special trainings.

2.25 LAMDA

The LAMDA cycle is similar to the PDCA, except that it was developed by Allen Ward for
executing learning cycles in an organization. The abbreviation stands for Look-Ask-Model-
Dialogue-Act and it outlines the actions needed to identify, refine and address a problem

through acquisition and application of knowledge. (Oosterwal 2010)
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2.2.6 Kanban

Kanban board is a tool for visual control and management. In essence it is a board that is used
to change information. For example material replenishments can be handled by a kanban. Eve-
ry material order is posted on a supplier kanban that is read by the supplier every time materi-
als are delivered to a plant. This way the orders are relayed directly to the supplier and if the
deliveries are done on a daily basis, the ordered materials would arrive the next day. The note
should contain the information what is needed and where, so that the supplier can deliver it to
the correct workstation. Another way of utilizing kanban is to give instructions via it. For ex-
ample a production order can be posted to a production kanban of a production line in a facto-
ry. This way the workers coming to work have immediate information about what is to be
produced and how much. (KONE Lean, 2012)

2.2.7 Design for X

The original ideology behind different “Design for” — ideologies (DFX), or —isms, is Design
for Manufacture (DFM). The basic ideology behind DFM is that there is a definite set of rules
that a product design has to fill to enable easy and effective manufacturing of the product. This
is achieved by including the manufacturing point of view in to the choices of the product de-
sign phase. Originally it was it was introduced to enable smoother transition from product de-
sign to production (Lu and Wood 2006).

By the principle of DFM, several other “Design for” —ideologies have been introduced. Design
for testing (DFT) and design for assembly (DFA) are named as examples of these different
variations by Lu and Wood (2006). They also discuss about several “Design for”’-components
and possibility of upstream dependencies of the product realization process in their paper.
These components are Product Design for Process Execution, Process Design for Process Ex-
ecution, Product Design for Process Design and Process Design for Product Design and they

are presented in Figure 2.5 as presented by Lu and Wood (2006).
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Figure 2.5. “Design for”-components in the product realization chain as presented by Lu and Wood (2006)

The “Design for”-ideology offers a lot of flexibility in the sense that the company implement-
ing it may choose the critical areas it should concentrate on, for example manufacturing, in-
stallation, maintenance, modularity, or whatever feature is seen important for the product. The
key for effective process, according to this ideology, is choosing the right “Design for”-
components for the company and knowing the process realization chain they are about to be
implemented in. The “Design for”’-components presented in the Figure 0.5 present the result of
a process development project of a Singaporean electronics manufacturing plant studied by Lu
and Wood (2006) and should not be implemented directly to any company without careful

consideration of the company’s own priority areas.

2.2.8 Concurrent engineering

The term concurrent engineering is nowadays used quite loosely when referring to various ac-
tivities of NPD. It has evolved from the original framework of DFM toward a comprehensive
consideration of the total lifecycle of a product, by integrating customer needs, marketing

strategies and environmental issues in the design phase’s decision making. (Swink, et. al. 1996

1)

The basic idea behind CE is simple, transforming processes from sequential to parallel form.
In a NPD project there are many tasks that are possible to do in parallel instead of sequential

order. If we consider the development of an electro-mechanical device, say an electrical mo-
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tor, we could divide the electrical design for example into stator- and rotor winding design and
the mechanical design into specification, frame- and rotor structural design. First the specifica-
tions for the motor are made, the rotor windings designed and then the structural design of the
rotor is made. After that the stator and motor frame are designed to finalize the motor. This
type of sequential process is presented in the Figure 2.6 along with the corresponding parallel,
or concurrent, process. In the parallel version the rotor structural design is started along with
the electrical design and the same applies to the stator design. This is called design concurren-
cy (Swink, et. al. 1996 I1).

Sequential process:

EDEDEDEIDITDY D

Concurrent process:

D e D e )
L -

Figure 2.6. Traditional sequential process and a parallel, or concurrent, process

As a result the process lead time is reduced significantly. It has to be borne in mind, concur-
rent approach works only if there is a good communication channel between the electrical and
mechanical designer. This eliminates the iterations that occur in a sequential process, as the

electrical- and mechanical design in a sense “grow together” as the project proceeds.

In addition to the design concurrency, CE concept can be applied as both product concurrency
and project phase concurrency. Product concurrency means that separate, but for example
technologically, similar products are developed concurrently. This can be carried out for ex-
ample when designing a whole product family at once. Project phase concurrency in the other
hand means that for example product support, marketing and production processes are devel-

oped simultaneously with the product design (Swink, et. al. 1996 II).
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When there are only a small number of parallel tasks the project is easy to steer and keep the
focus on the next milestone. As mentioned before, the perspective of CE is constantly broad-
ening as different aspects are added to the project as parallel tasks. The situation is somewhat
similar as in DFX, the predecessor of CE; the company has to determine the most pressing
matters on which to concentrate and try to keep the project manageable. The wider the view of

CE, the heavier the project gets.

The appropriate size of CE approach is heavily dependent on the company itself and the re-
sources it is able to invest in the project. For example, for a small start-up company the con-
currency of electrical- and mechanical design may be enough and a larger scale of concurren-
cy could be too much for the company to handle with limited resources. As the company ma-
tures, more and more is expected from it and the concurrency increases. This happens also
partly because of the cumulated knowledge that the company gathers during the projects. In a
second- or third generation NPD process the designers already know quite much about the
product and can thus take into consideration greater amount of things than in project with

completely new product. This could be regarded as some sort of internal concurrency.

2.2.9 Lean Production

Toyota laid the foundation for development of lean after the Second World War, by introduc-
ing the Toyota Production System (TPS). The basis of TPS was Eiji Toyoda’s instruction for
his workers to eliminate all waste due to the shortage of materials and money after the war. He
defined that everything else than minimum amount of resources (time, space, parts, equipment
or material) required for adding value to the product, was waste. The actual development of
TPS was done by Taiichi Ohno and his associates, who were working for the Toyota motor
company. In the 1990s, manufacturers in the United States (US) and Europe started also im-
plementing TPS under the name of just-in-time (JIT). The companies were forced to rational-
ize their production to remain competitive against their Japanese competitors. (Pepper and
Spedding 2010)

Lean extends the scope of TPS, but the key focus is still in the value stream of a single prod-

uct. The target is to eliminate all waste, or muda, in the system. (Womack and Jones 2010)
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There are seven forms of waste (Pepper and Spedding 2010):

1.

2
3
4.
5
6
7

Over-production

Defects

Unnecessary inventory
Inappropriate processing

Excessive transportation

. Waiting

Unnecessary motion

In essence lean strives to maximize the flow of products through the process adding value to

them. Womack and Jones (2010) define five lean principles of value, value stream, flow, pull

and perfection as follows:

Value is defined by the customer;

The value stream is the set of all the activities that increase the value of the product;
Flow is making the transition between the value-creating steps of the value stream as
smooth and uniform as possible;

Pull refers to pull scheduling in the production, as the production is adjusted according
to the demand,

Perfection is the goal that is tried to achieve through continuous improvement.

Next some basic lean methods and terms are explained shortly. In addition to the methods pre-

sented below, lean utilizes also techniques commonly used in quality management; Fishbone

(ishikawa) diagrams, Check sheets, Control charts, Histograms, Pareto charts, Scatter dia-

grams and Flowcharts. Kanban boards are also used as a lean tool for visual control. (Soder-
quist and Motwani 1999)
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VSM

The initial step of implementing lean is mapping the value stream of a product by the methods
of value stream mapping (VSM). VSM is used to depict also the flow of information in the
system, in addition of the obvious mapping of material and goods. First the current state of the
system is mapped and the bottlenecks of the process are pinpointed in the map. To form a val-
ue stream map of the desired state of the process possible solutions to the bottlenecks are gath-
ered and evaluated by different methods. Traditional form of doing VSM is the “paper and
pencil” —approach, where the value stream is sketched just by hand. There is also wide range
of software for VSM available in the internet. The strength of these software based approaches
is their ability to not only map, but simulate changes in the system. Thus the process developer
does not have to go through trial and error when deciding about the possible changes in the

system, but he/she can also base the decisions on the simulations.

After systematic VSM, the adoption of other lean tools, like single minute exchange of die

(SMED), total productive maintenance (TPM) or 5S may be initialized.

SMED

The total time that is used to change batches in the production is referred as setup- or change-
over time. Setup time is waste as it does not add any direct value for the customer. A produc-
tion machine, or process, setup activities can be divided into two categories: Internal setup
that includes all the activities that have to be completed when the machine, or process, is shut
down and External setup that includes all the activities that can be completed while the ma-
chine, or process, is running. Single Minute Exchange of Die refers to a setup time reduction

technique where as much of the internal setup as possible is converted to external setup.

The basic steps of SMED are (KONE Lean, 2012)

e Document the setup and classify each element as either internal or external.
o Observe if the work element is planned accordingly, if better tooling is required
or if the methods used are inadequate.
e Change internal setup to external setup whenever possible.
o Focus on elements that stop the process.
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e Eliminate all possible adjustments required as part of setup routines.
o Quick-lock tooling.
o Mistake proofing.
o Visual control for ensuring correct parameters.
e Streamline the external setup.
o Reduce the amount, or even eliminate unnecessary work.

The setup time should be treated just as any other process time and reduced by implementing
the following steps:

1. Track the setup time

2. Find the best method of reducing it
3. Standardize the process

4. Train the operators

5. Follow up the development

TPM
Unplanned downtime of equipment is classified as waste. The goal of Total Productive
Maintenance is to reduce downtime until lowest possible level is reached. In TPM there are

two different approaches: Preventive Maintenance and Maintenance Prevention.

Preventive maintenance includes both periodic maintenance (done with regular intervals; year-
ly, monthly, etc.) and predictive maintenance that is based on signals or diagnostic techniques
that detect deterioration of equipment. Maintenance prevention in the other hand aims to de-
sign and construct new equipment in a way that the occurrence of problems is minimized. Al-
so improvements done to existing equipment with the same goal is categorized as maintenance

prevention.

5S
5S refers to a systematic approach of organizing the work place and keeping it tidy. The name
comes from the five steps of its implementation:

1. Sort
- Are the items in the work place:
a) Used frequently
b) Used infrequently
¢) Not needed
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2. Stabilize
- Mark a place for every tool and part
- Keep everything in their assigned places
3. Shine
- Define person responsible for each areas cleanliness
- Keep your area clean
4. Standardize
- Make check lists of the work phases and duties
- Create procedures to prevent equipment from breaking and unnecessary items from
accumulating
5. Sustain
Audit the cleanliness and tidiness
Check-ups
Signs and posters
Newsletters

5S was originally developed to increase the efficiency of production and was applied on the
factory floor level to the actual production lines, but it has been adopted widely also in the of-
fices. There is also an extended version of 5S, called 6S, which incorporates safety as the sixth
step and according to McClenahen (2006) Lockheed Martin utilizes it in its missile and fire

control manufacturing plant in Camden, Arkansas.

Continuous improvement - Kaizen
Continuous improvement is based on the idea of sharing the right and responsibility for every-
one to identify, reduce and eliminate waste on their work place. Usually this is realized as a

suggestion box and a process for reviewing the received suggestions.

The original idea of Kaizen is to also include the person, or group, that made the suggestion in
to the planning and implementation of the suggestion. Also a small task force of employees
whose work is affected by the suggestion can be utilized. These task forces are called Kaizen

groups.
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2.2.10 Lean Product Development
The success of lean production principles in increasing the efficiency of production plants led
numerous product development managers to ask the question if these same principles could be

used to increase the efficiency of product development.

Lean Product Development was the answer to this question and it was developed to apply the
lean principles to knowledge work done in product development projects, where the products
are not visible and the flow of the work is difficult to observe. Morgan and Liker (2006) list

out thirteen principles of lean PD:

1. Establish customer-defined value to separate value-added from waste.

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

3. Create a leveled product development process flow. Create only what customer re-
quires.

4. Utilize rigorous standardization to reduce variation, and create flexibility and predicta-

ble outcomes.

Develop a chief engineer system to integrate development from start to finish.

Organize to balance functional expertise and cross-functional integration.

Develop towering competence in all engineers.

Fully integrate suppliers into the product development system.

© © N o O

Build in learning and continuous improvement.

10. Build a culture to support excellence and relentless improvement.
11. Adapt technologies to fit your people and processes.

12. Align your organization through simple, visual communication.

13. Use powerful tools for standardization and organizational learning.

Both organizational and individual learning are emphasized in lean PD. According to Ooster-
wal (2010) organizational learning is achieved through systems thinking, mental models,
building a shared vision, collective team learning and by creating a system that uncovers mis-

takes and errors. Individuals should strive to discuss about sensitive and controversial subjects
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without getting too personally involved or launching into personal attacks. He also points out
that “learningful” conversations should have equal amount of advocacy, stating your own
point of view, and inquiry, asking about another’s point of view and encouraging others to ask

about yours.

Lean PD sees product development as a factory. The process time required by different pro-
jects varies according to the scope of the project, just as process time of different production
machineries varies. The release cycle, or the “takt time” of the factory, is defined on the scale

of the whole product portfolio as presented in the Figure 2.7.

Release cycle
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Figure 2.7. Lean PD release cycle

To enable easier control of the product portfolio, Harley-Davidson introduced a “bin”-system
to their product development projects (Oosterwal 2010). Bin-classification of the project tells
the duration of the project and whether the project uses standard methodology or not. This al-
lows accurate planning of the product- and feature releases. Even though the standard project
length allows some projects to be more loosely scheduled, the drawback is compensated by

the well-controlled portfolio.

Knowledge based product development
One key principle highlighted by Oosterwal (2010) is knowledge based product development.
Creating re-usable knowledge is a key element of Lean PD. In essence knowledge based prod-

uct development means that if knowledge about some design related phenomena does not ex-
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ist, the knowledge is created and stored in a form that it is easily interpretable. For example, if
there is no clear understanding of how some particular design parameter effects to the perfor-
mance of the actual design, the phenomena is studied by varying the parameter and then re-
cording the effects. When the results are stored in a form of trade-off and limit curves, the
knowledge is easy to adopt for others in the future. These cycles are referred to as learning cy-

cles.

Controlled knowledge management is vital when knowledge based design is applied. Natural-
ly most of the information created is confidential and access to it has to be controlled. Over
time the amount of data also increases rapidly and it has to be collected in an organized man-
ner for it to be re-useable. Here different types of databases can be applied. Every test per-
formed to a prototype should add information to the database. Before performing any tests it
should be checked if information on the subject already exists; here the organized database

proves to be vital.

Set based development

Set based development addresses the second principle on Morgan’s and Liker’s (2006) list;
“Front-load the product development process to explore alternative solutions thoroughly while
there is maximum design space”. In the beginning of the project several alternative concepts
can be studied on parallel. As soon as any of them prove to be not applicable, it is dropped out
and development continued with the remaining concepts. This also addresses the fact that the
further the product is in the development process, the smaller changes can be done to it.

Pull event

Oosterwal (2010) states that there are natural points in the product development process where
the knowledge gathered converges. These points exist for example where the results of the
preliminary studies are gathered together, the drawings of the first design are about to be sent
to the suppliers or the test results of a prototype are pulled together. The timing of these con-
verging points creates the natural cadence of the project and between the pull events, a learn-
ing cycle is completed. These are the places where project pull events should be located. Visu-

alization of these points in a set based development process is presented in Figure 2.8.
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Figure 2.8. Natural converging points of a set based development process and corresponding pull events

A pull event is an event where the project personnel, management and the stakeholders are
gathered to review the project. Sometimes they have been also called “mini-launches” of the
product. Oosterwal (2010) lists six points that are required from a successful pull event:

e Pull events must be scheduled to set the cadence for the projects and to establish in-
teraction across the portfolio. They should evolve out of naturally occurring activities
of the development process.

e Eventis binary and data driven. The end result should be clear yes or no outcome.

e Integrate leadership in the project through pull events. Pull event is also a direct con-
trol point of the product development process.

e Event should be casual to facilitate frank and open dialogue, yet structured so that
everyone involved knows what is expected from whom and when.

e Event should integrate persons across the organization and they should be tangible for
everyone. The more visual or physical the medium used is the more effective the
event. Engage as many senses and organizational disciplines as possible.

e Pull events should be scheduled uniformly across the portfolio to maintain a constant
rhythm. Scheduled in accordance with the practical capabilities of the organization.
Should not create crisis in the project, nor become a whip of the leadership, but rather

to create focus for the organization to converge on key planning events.
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“Big conference room” process (Oobeya)

The Japanese term oobeya refers to a “great room”, “war room” or “big conference room”.
The goal of the oobeya process is to clearly visualize the state of the project and break down
organizational silos by applying visual management in a similar way as agile and production
lean utilize kanban boards. Oobeya process has two primary components, the problem side
and the action side. The problem side is used to agree on the actual problem at hand and to di-
vide it into actionable elements. The action side consists of the actions needed to resolve each
of these smaller sub-problems and collaboratively composed schedule for specific people to
resolve the problems. The individual problems and their solutions are posted on the board by
using Post-It notes of appropriate color. For example red notes can be used for problems, yel-
low ones for tasks and green ones for solved problems. An illustrative sketch of oobeya board

is presented in Figure 2.9.

Problem side Action side
Decomposition

Long-term schedule

Expected output Apr May .. Mar
i ooo | —3 Clear output and
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' / Monthly schedule
Dissection 4' w 2w 3w aw
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@ <> | e Activities and
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‘ . Unscheduled jobs
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‘ﬁ »  Workload Control
\ Process - Weekly schedule
A" -—[:.—> <« Individual time
= > -E- Plan management

Unscheduled jobs

Figure 2.9. The structure of visualized planning according to oobeya process as presented by Oosterwal
(2010)

The figure visualizes how the oobeya board is used to address the problems on the left side of

the board by defining actions to the schedule on the right side of the board. When executed
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with discipline, the oobeya board can completely replace the traditional Gantt charts in the
projects. The usual problem of outdated project schedule is also avoided as all team members

are updating the board regularly. This also reduces the workload of the team leader.

The process itself is initialized by a spew-out where every member of the team involved with
the project is allowed to post questions and their concerns about the project to the board. After
this, the team leader addresses each of the concerns one by one. If the team leader presents
satisfying answer to a question, or concern, it is marked as resolved and moved to the board of
finished jobs. Then the team defines “countermeasures” to resolve the remaining questions.
After the whole board is reviewed in this manner the team moves to the scheduling phase,
where a schedule is set for every action defined in the previous step and who is responsible of
making it happen. This is done collaboratively, instead of the team leader making the schedule
by him- or herself. (Oosterwal 2010)

The oobeya board is a great way for seeing the state of a project in just a few minutes. The
oobeya process can be utilized at any level in the product development organization. In fact it
is at its most effective form as a common management tool for the managers, project leaders

and individual workers.

2.2.11 Six Sigma

Six Sigma methodology was developed by reliability engineer Bill Smith, while he was work-
ing at Motorola in 1980s. The term “Six Sigma” refers to the standard deviation that is noted
as o, sigma, in statistics. It provides a systematic method for improving processes towards the
defect rate of 3.4 defects in a million — Six Sigma (Brady and Allen 2006).

Six Sigma is commonly used in combination with lean thinking to address the problems, or
hot spots, in the process identified by the lean principles and the union of the methodologies is
referred as lean Six Sigma. Pepper and Spedding (2010) depict the relation of the methods in

lean Six Sigma as presented in Figure 2.10.
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Figure 2.10. The structure of lean six Sigma as presented by Pepper and Spedding (2010)

Six Sigma assumes that the output of a process is approximately normally distributed, and thus
the probability density function of normal distribution gives the process yield. The defect rate
of the process is the complement of the yield.

For statistical process data with observations xi, X, ..., X, the standard deviation ¢ is defined
by (Rade and Westergren 2008);

az\/izn:(xi ~-x) . (2.1)

n-143

Normal distribution probability density function @ is defined by (Kreyzig 2006);

2

&(c) = ﬁ j e 2dy. (2.2)

As the integral presented in equation 2.2 cannot be integrated by the methods of calculus, the
interpretation is usually done by consulting reference tables containing values of the density
function @ for various values of ¢. Other option is to use the error function defined by (Kreyz-
ig 2006);
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erf (o) =%Teyzdy, (2.3)
o

which also cannot be integrated, but is a built-in feature in many common spreadsheet calcula-
tion programs such as MS Excel. As the normal distribution probability density function @

can be defined also by (Kreyzig 2006);

D(0) :%Jr%erf (%) (2.4)

the values of @ can now be calculated for any ¢ with a software that can compute the value for

the error function.

The probability P of process output at standard deviation o is defined by (Réde and Wester-
gren 2008);

P = &(0) - d(—0) = 2d(c) —1. (2.5)

After the standard deviation o of a process has been determined on the base of measurements
X1, X2, ..., Xn according to equation 2.1, equations 2.4 and 2.5 can be used to determine the
yield of the process on the base of the standard deviation. Same principle can be applied re-
versely to determine a target for allowed standard deviation in the process in order to reach

certain process yield target.

In the “Sigma levels”, in which the process performance is measured, a shift of 1.5 standard
deviations is assumed to happen in all processes in the long run. Let us calculate the standard
deviation g, process yield Py, the probability of a faulty product P and the systems defect rate
as defects per million opportunities (DPMO) according to the long term Sigma level 6. The

standard deviation ¢ of long term Sigma level 6 is;
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oc=6-15=45, (2.6)
from which we receive the value of probability density function &;

1

P45) =~

1 45
+—erf| — |=0.999997 , 2.7
2 (ﬁJ &7)

From which we can calculate the probability of an acceptable product P, that is the process
yield;

P, =2&(4.5)-1=2-0.999997 —1=0.999993 = 99.9993 %. (2.8)

The probability of a faulty product P is received by reducing the yield from 100%;

P =1-P, =1-0.999993=0.000007 = 0.007 %. (2.9)

The DPMO in turn is received by multiplying the probability of a faulty product P; by one mil-

lion;
DPMO=1000000- P, =1000000-0.000007 =6.8. (2.10)

When observing the possibility of a faulty product, we have to consider the type of the re-
quirement in question; if we have a tolerance area with upper and lower limit, P and DPMO
are calculated as above, but if the requirement is only a one sided acceptance limit, both P and
DPMO have to be divided by two. Thus, when a product is tested by a single limit test, the
DPMO of 3.4 faults, namely Six Sigma, is actually reached with standard deviation ¢ = 4.5.
The “Sigma levels” and corresponding normal distributions’ probabilities for some values of
the standard deviation calculated as demonstrated above are presented in the Table 2.1, along

with the corresponding probability of a faulty product and systems defect rate as DPMO.
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Table 2.1. Sigma levels and corresponding probabilities of the normal distribution
Long term | Standard | Value of dis- Probability Probability ofa | DPMO
Sigma level | deviation, tribution (Process yield), | faulty product,
o function, @ Py P;
2.5 1 0.841 68.27 % 31.73 % 317311
3.5 2 0.977 95.45 % 4.55 % 45500
4.5 3 0.9987 99.73 % 0.27 % 2700
5.5 4 0.99997 99.994 % 0.006 % 63
6 4.5 0.999997 99.9993 % 0.0007 % 6.8

6.5 5 0.9999997 99.99994 % 0.00006 % 0.6
7.5 6 0.999999999 99.9999998 % 0.0000002 % 0.002

The methodology is characterized by statistical methods and its five-stage cycle of define-
measure-analyze-improve-control (DMAIC). Figure 2.11 presents the DMAIC cycle as de-
scribed by Lee and Whang (2005).

Issues, Stakeholders,
Measurement identification

Control

Root cost analysis,
System update,
Structural correction Tracking, Visibility,

Accessability

Improve

Resolution execution,
Communication,
Restoration to "in-control”

"Whatis out of control?”,
"Whatif’" —scenarios,
Diagnoses

Figure 2.11. Six Sigma DMAIC cycle (Lee and Whang 2005)

For each stage of the cycle, Six Sigma has a set of specific tools that incorporate for example
root cause analysis, Pareto analysis, histograms, cross-functional management, customer re-
quirement measurement, knowledge discovery and failure mode and effects analysis (FMEA)
(Mehrjerdi 2013, Pepper and Spedding 2010).
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Six Sigma creates an infrastructure of certified staff ranked with belts to organize and imple-
ment the methodology in the company. The belt levels include champions, master black belts,
black belts, green belts and yellow belts. (Antony 2004)

2.2.12 Agile development
Along with lean product development, also agile product development has been proposed as a
new alternative to the traditional point-based development in heavy industries like construc-

tion equipment or water- and wind turbines (Jaruzelski and Holman 2012).

The term ““agile” refers to quick, easy and nimble movement. It was also chosen to the name
of Manifesto for Agile Software Development (Agile Manifesto) that describes a set of princi-
ples for software development. The manifesto was born in a meeting of 17 proponents of dif-
ferent lightweight programming methods that had emerged in the turn of the millennium.
(Mellor 2005)

Manifesto for Agile Software Development, (Beck, et al. 2001):

We are uncovering better ways of developing
software by doing it and helping others do it.

Through this work we have come to value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation
Customer collaboration over contract negotiation

Responding to change over following a plan

That is, while there is value in the items on

the right, we value the items on the left more.
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The key point of the manifesto is not that the things on the right would be regarded as bad, or
undesirable, but that the things on the right deserve more emphasis in planned processes. Mel-
lor also points out that it is possible to go too far when stripping the development from unnec-
essary processes. Also in agile development, a lean-like mentality should be utilized and have,
as Mellor puts it; “just enough” process to meet the goal while finishing the project quickly.
(Mellor 2005)

Agile developments’ roots in software industry are visible in its emphasis on adaptability. Ac-
cording to Mellor there are three areas to consider: the market, the technology and the process
itself (Mellor 2005). In the software industry, the market demand can change overnight and
the technology may give new possibilities, or set new limits. It is crucial to repeatedly ensure
that the right things are being done and that they are being done effectively. When applying
agile development in other fields than software development, it should be borne in mind that
cycle times cannot be shortened below the limits set for example by prototype production.

The most common agile development methods include Agile Modelling, eXtreme Program-
ming (XP), Dynamic Systems Development Method (DSDM), Scrum development and Fea-
ture-Driven Development (FDD) (Hunt 2006).

2.3 Design procedure of rotating electrical machines

One could say that designing rotating electrical machine is easy, as the equations for electro-
magnetism have been known since James Clerk Maxwell derived them between years 1856-
1873. His first paper on magnetism was On Faraday’s Lines of Force, where he used fluid dy-
namic analogy to express magnetism and it was published in 1856. As a whole his equations
were published in his book A Treatise on Electricity and Magnetism in 1873. His theory was
improved by Oliver Heaviside, who represented Maxwell’s equations in their famous vector

form in the 1870’s.

In short the Maxwell’s equations describe the interaction between magnetism and electricity.

Faraday’s law of induction states that changing magnetic field induces an electric current in a
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conductor. Ampere’s law states that magnetic field can be generated by electrical current or
changing clectrical fields. Gauss’s law states that electric flux over a closed surface is equal to
the sum of electrical charges inside it. Gauss’s law for magnetism in turn states that there are

no magnetic monopoles, thus the sum of magnetic flux over a closed surface is zero.

An electrical machine can be designed in as many ways as there are designers doing it. Simi-
larly the laws of electromagnetism can be used in various ways with varying initial assump-
tions and simplifications. Regardless of the fact that there are various ways of designing an
electrical machine, usually the design process proceeds as a sequential process on the general
level. Of course there may be some iteration and feedback loops, but if everything would
match at the first try it would be a sequential process. The electrical design of the active parts
of the machine, the magnetic circuit, is the initializing step in the process, followed by the me-
chanical design and thermal dimensioning. In some cases also vibro-acoustic analysis may be
needed to evaluate the noise and vibrations of the machine. This kind of process is shown in
the Figure 2.12.

Electrical Mechanical Thermal Vibro-acoustic
design design dimensioning analysis

an er P, N, P’ T Dse: Fbearing m FF,: OvA dB.r g9

Figure 2.12. Design process of an electrical machine on a general level

In further detail, Pyrhdnen, Jokinen and Hrabovcova (2008) divide the design procedure of the
active parts in 17 distinctive phases as presented in the Figure 2.13. Even though the steps pre-
sented in the figure are for the design of induction motors, with some small modifications they
can be applied for all motor types from synchronous machines to DC —voltage machines and

permanent magnet synchronous motors (PMSM).
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* 1. Check the initial parameters of the machine

* 2. Determine a suitable tangential stress o,,, or machine constant Cy..

* 3. Torque requirement determines the rotor diameter. Select suitable length-airgap-ratio y according to the machine type. The ratio
then determines the air gap diameter D and the equivalent length [”

* 4. Define suitable physical air gap ¢

5. Select winding, define stator- and rotor slot numbers Q,and @,. Also the winding factors of the fundamental frequency k,,; and
the most significant harmonics k&, should be evaluated.

* 6. Selectair gap flux density B; so that it correlates with the selected machine constant C..

» 7. Select the number of coil turns N according to the desired emf

* 8. Calculate the number of conductors per coil slot zy and then a new N according to the value

* 9. Calculate a new value for B;, as the flux density is affected by the changes in the winding turns

* 10. Define teeth widths for the stator by, and the rotor by, according to the desired flux density in the teeth

* 11. Calculate the stator and rotor currents ], and J,. Then calculate the area needed for the windings from the number of parallel
current paths @ and winding current density J, and J. Define teeth heights s, so that the slot is large enough for the winding

* 12. Define magnetic voltages of the teeth U/,

* 13, Define a new factor for the average flux density in the airgap ¢;. If the calculatedvalue for ¢; does not correspondata
sufficient accuracy to the value selected earlier, return to step 9, apply the new value for ¢; and repeat all steps following it.

* 14. Define the maximal flux densites allowed inthe stator and rotor yokes and use them to determine suitable yoke heights /2, and

T

+ 15 Define the inner diameter of the rotor D; and the external diameter of the stator D,,

* 16. Define the total magnetic voltage U, ,, of the magnetic circuit and check that it is equal to the fundamental current linkage
produced by the winding.

* 17. Define all required characteristics, like the resistances and inductances, of the machine from the dimensions solved above.
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Figure 2.13. Design steps of the active parts of an electrical machine as presented by Pyrhénen, Jokinen and

Hrabovcova (2008)

Every company has its own way of doing the calculations related to the machine design pro-

cess. The different initial assumptions and simplifications used depend not only on the design-

er, but on the application of the machine and the ambient conditions it is used in.
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3 PROCESSES AND PRACTICES TODAY

In this chapter the design processes for electrical machines of five companies are presented as

they have been described by the representatives of each company.

From KONE, two Chief Design Engineers (KONE CDE 1 & 2) and Specialist Process Devel-
oper (KONE PDS) were formally interviewed. In addition some information was gathered
from informal discussions and email-exchange with KONE Technology Organization Catego-
ry Manager (KONE KTO CM), Product Development Director (KONE PDP) and Senior Pro-
ject Manager (KONE SPM).

Company A (CoA) was represented by a Chief Design Engineer (CoA CDE),

Company B (CoB) by Electrical Machines Platform Manager (CoB PM), Company C (CoC)
by a Senior Technology Manager (CoC STM) and a Production Unit Manager (CoC PUM)
and Company D by its Managing Director (CoD MD). With each of the representatives, a
formal interview was conducted, except with CoC PUM who was contacted via email.

Each company and its electrical machine NPD process is presented in this chapter along with
possible companywide general NPD processes, description about the management isms used
in the company and the impact that product change management has on the R&D departments

activities.

3.1 KONE

At KONE’s premises in Hyvinkéd, the R&D and product change management (PCM) are part
of KONE Technology Organization (KTO) and together with business planning, sourcing and
motor production organizations they belong to MX Competence Center (MXCC). Under the
production organization are also quality, material management, production development and
production coordination functions. MXCC is rather exceptional department due to the fact that
all these functions are located in the same office, whereas in other categories they are scattered
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all over the world. This makes the collaboration between different parties easier and more di-

rect.

If either R&D- or PCM department has excessive work load, some personnel is usually bor-
rowed from the other function. Because both reside in the same office, the PCM can directly
ask help from the original designer in product change related issues and R&D can consult

PCM on the earlier design solutions.

3.1.1 KONE’s NPD Process Model

KONE has established five core processes. These are called Solution Creation, Customer, De-
livery, Maintenance and Management and Support processes. The solution creation process is
most relevant for this thesis, as it contains the PD process of KONE. It comprises of five sub-
processes; Develop Technology, Develop Concepts, Develop Products, Manage Product
Change and Improve Quality & Reliability. The five core processes and the solution creation

sub-processes are presented in Figure 3.1. (Solution creation 2012)

Customer

Maintenance

improve Quality & Reliability

Develop Develop Develop Product

Technology Concepts Products

Change

Figure 3.1. KONE core processes and solution creation process break-down. (Develop products 2012)

The center of the core process “flower” depicts how the common management and support

process governs the rest of the core processes and the overlapping yellow areas depict co-
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operation between processes. As can be seen from the sub-process description, improvement
of quality and reliability is not a single effort, but continuing process that acts in the back-
ground during the product development and product change management processes until the

product is retired.

The technology development process is also called the GREEN process (Green process) and it
contains all basic research that aims to find concept and process ideas as well as enable tech-

nologies for the concept development process. (Technology development 2012)

The tasks of Research Department include:
- Maintaining Strategic Research Areas (SRA)
- Maintaining Research Portfolio
- Negotiating contracts
- Evaluating invention disclosures
- Facilitating IPR-trade
- Following patents
- Running patenting process
- Supporting/facilitating public funding

- Participating in code/standard coordination

Some of the research is outsourced to other companies and universities. Individual studies and
projects are carried out with various different collaborating parties and longest projects may
last even from 3 to 6 years. Due to the varying tasks and project times of the Research De-

partment there is no strict process description of the Green process.

Ideas and opportunities are also gathered from the offering department as well as from
KONE’s other staff that can post its thoughts and development suggestions into Innovation
Tool. Innovation Tool is a portal where employees can post and evaluate each other’s ideas.

(Technology development 2012)



50

The concept development is referred as the BLUE process (Blue process), and its main func-
tion is to gather promising ideas and concepts from the Green process for further study. The
Blue Steering is a board of managers deciding on the projects that move from the Green pro-
cess to the Blue process for further studying. The chosen ideas are tested and benchmarked
from both technological and business point of view. The ideas that do not seem attractive in
either one of these are rejected. The aim of the Blue process is to reject non-viable ideas at the
earliest point possible, with as little time and money consumed by them as possible. (Concept

development 2012)

The product development process is also referred as the RED process (Red process), and it
contains the specification, prototyping, process preparation, piloting and the ramp-up of the
volume production. During the Red process the product change management (PCM) depart-
ment participates to the ramp-up of production. After that it maintains the product until it is
retired and finally terminated. R&D department supports PCM functions in questions related

to product change requests and possible design improvements.

For modeling these processes, KONE uses a traditional point-based Stage-Gate model where
gates are referred as K-milestones. The model fits Cooper’s description of 3" generation State-
Gate, as some flexibility is built in the milestones, so that if some less important requirement
is not fulfilled at the milestone, it can be handled on the next milestone, or even during the

phase between the milestones (Cooper 1994).

Figure 3.2 depicts the KONE PD as presented by Process Developer Specialist (KONE PDS)
from the preliminary study of the Blue process to the production ramp-up and until the product

is eventually terminated.
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Figure 3.2. KONE’s K-Milestone process model

In addition to the Stage-Gate model, KONE utilizes a matrix presentation of the Red process,
referred as the PD-matrix. Initially the PD-matrix was intended as a check list for the project
management, but later it has been formalized as an official tool for the development projects.
The matrix consists of all the milestones lined on the topmost row and all the responsibility
areas like customer relations, or technology development, listed on the first column. Actions
for fulfilling the requirements of the responsibility areas in each stage of the project are

marked to the cells of the matrix. An illustration of the PD-matrix is presented in Figure 3.3.
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Figure 3.3. The principle of KONE’s PD-matrix

The requirements for each milestone are predefined in the previous Milestone review. In the
milestone reviews the stakeholders check if the required information is provided by the project
manager and then they give red, yellow or green color for the project on behalf of their re-
sponsibility area. The colors work with traffic light logic; green means that everything is in
order, yellow shows some concern and may pose some further questions for the next milestone
and red stops the project from entering the next phase. The colors allow some flexibility in the
process, as the project may proceed to the next phase even if some areas are yellow. At least
on behalf of the flexible milestones, the KONE Stage-Gate model fulfills the requirements for

3" generation Stage-Gate.
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The PD-matrix also defines all product related documentation that is needed. In addition the
milestone review reports are archived along with the project report that is compiled upon clos-

ing the project in milestone K6.

3.1.2 KONE’s Motor Design Process

Electrical machine development is driven by the needs of the product platforms, which in turn
strive to fulfill the needs of the customers. Also if the Green process produces a technology
that would be advantageous in hoisting machines, the development of a new hoisting machine
Is initialized. It has to be noted that for hoisting machineries, the development starts early in
the Blue process, when the concept is still being validated and usually the first prototype, re-

ferred as the Blue-proto, is also made during this concept validation.

Re-Use Check is an important tool that is utilized in the project preparation in KONE. The de-
sign of the Blue-proto is scanned through and all technologies and parts are checked for earlier
use. If some part has been used earlier, data should exist about its reliability and it should be
utilized in the design failure mode and effects analysis (DFMEA). Also completely new tech-
nologies and parts that have never been used are also pointed out so that the DFMEA is per-
formed with caution for these items. Safety critical components and materials are identified
and their DFMEA is always required. DFMEA is done in the development project preparation
phase and it is updated through the whole machine development project as new data is gath-

ered about the design.

The requirements for the actual machine design come from the elevator product level. The
torque requirement for the machine is determined by the elevator hoisting mechanics that are
going to be used with the new machine. The platform level determines how fast the elevator
should run and what is the required amount of payload. The traction sheave diameter is deter-
mined by the hoisting mechanics so that the ropes have enough friction and the elevator
works. The power of the motor can then be calculated from the rotational speed and the
torque. The full specification for a new machine is produced as a collaborative effort of hoist-

ing mechanics and -machine designers and the platform level.
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The initial design of the motor is done with similar design steps as described in chapter 2. The
electrical designer determines the number of stator variants needed to cover the elevator speed
range that is required. Also magnet shape may change according to the rated load of the eleva-
tor. After the basic dimensions of the machine are determined, FEM is used to simulate the
motor and fine tune the design. First a rough calculation is performed in 2D-FEM and after

that a more sophisticated analysis is done in 3D-FEM.

The mechanical design is started already when the required traction sheave diameter is re-
ceived from the hoisting mechanics. Parametrical models are used, and the dimensions are just
adjusted at the rate the electrical design proceeds and fixes the dimensions that are relevant.
For example brakes can be designed after the rotor diameter and corresponding brake wheel
diameter have been determined. The bearings also need some input from the electrical design-
er, as the axial forces affecting the rotor have to be taken into account. When the electrical de-
sign is completed, there is already a rough mechanical design of the frame. The thermal design
is done in this phase to ensure that the machine cools sufficiently. If natural convection does
not suffice, a fan is added to the design. A thermal resistance network model is used for the
thermal design if more accurate calculations are needed, but usually the power density of axi-
al-flux permanent magnet synchronous machine (APMSM) is so low that it is necessary only

for the “corner points” of the offering where the loads and speeds are high.

Vibro-acoustic analysis is performed for the mechanical design by introducing the excitations
generated by the active parts in FEM model. After the mechanical design is finished, the parts
for the prototype are ordered from the suppliers. KONESs basic electrical machine development

process is presented in the Figure 3.4.

Hoisting

mechanics design

& platform level  Electrical Mechanical Thermal Vibro acoustic
design design design design analysis & design
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Figure 3.4. KONE’s basic process for developing electrical machines
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The prototypes undergo basic electrical machine testing and various additional measurements,
including noise and vibration measurements. After the basic testing, the prototypes continue to
elevator testing, where they are tested in the real elevator application. The electrical and vibro-
acoustic models are fine-tuned according to the test results and next development round is ini-
tialized. At this point the vibro-acoustic model is utilized to optimize the mechanical design so

that the natural frequencies of the design are not excited by the active parts’ vibrations.

Typically the first calculation and design phase takes 2-3 months. The development time of
the motor depends heavily on the delivery times of the castings that vary from 2-3 months.
Usually motor development project takes from one to two years. Due to the long delivery
times of the new castings, the first prototype is usually made by fitting the new active parts to
an existing frame and verifying the calculations by testing. This way an additional design

round can be made for the active parts.

After the prototype with new mechanics is tested the results are verified and usually the eleva-
tor tests are initialized. If the characteristics or the noise behavior of the motor do not fulfill
the requirements, the design is modified. The noise and vibration levels are quite commonly
the reason for a re-design loop for the machine.

Product changes are handled by a process separate from the actual product development, re-
ferred as the C —process. When a need for a product change emerges, a Change Request (CR)
is filed. The CR’s are handled by PCM and the product change project is managed by a similar
matrix as PD-matrix, except that all non-relevant cells are stripped of to keep the process as

light as possible.

In principle, according to the official process description the PCM department takes care of
the product changes, but quite often R&D is involved in some way or the other. Commonly
product change projects transform into common effort of the PCM and R&D, when personnel
is borrowed from the development projects to product change related testing or design exer-

cises.
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3.1.3 Lean, other isms and project management in KONE
KONE applies CE in its product development and it is most clearly visible in the PD-matrix
where the concurrency of the development activities ranging from marketing and maintenance

to the hoisting mechanics and -machines themselves is visible at one glance.

Lean production principles are utilized rigorously in the production facilities and the effects
have been clearly visible. 5S is utilized in all functions from the factory floor level to the de-
velopment laboratory. Even the offices are inspected weekly to keep them tidy. Lean methods,
or tools, are utilized across the organization. KONE lean tools include brainstorming, Pareto
charts, SWHY-method, fishbone diagrams, visual management and control, problem solving
in kaizen —groups (also called task forces) and PDCA. Brainstorming is emphasized to encour-
age people to thing “outside the box” when solving problems. SWHY-method refers to a
method used in root cause tracking; the question “Why?” is asked until the initial cause of a
fault or an error is found. Pareto charts and fishbone (ishikawa) diagrams are used to visualize

data and the problem to be solved.

Six Sigma tools are utilized in KONE on a daily basis to analyze product testing data and to
follow the quality of the products. In the R&D department there are three Six Sigma Black
Belts and several Green Belts. In product development, Six Sigma methods are used to deter-
mine suitable test batches and testing cycle counts for product design quality validations and

reliability testing.

Agile software development methods are used in KONE to develop software. Recently it was
studied if agile methods would fit KONE’s product development on a larger scale, but the end
result of the study was that agile methods fit poorly to development of mechanical products.
For example with hoisting machine development, the most time consuming part of the devel-
opment is the long delivery times of the castings. There is no way that the development cycles
can be squeezed in shorter cycles that set by the manufacturing of the parts. Agile develop-
ment makes a good point of how the activities should be prioritized when there is a shortage of
resources, but it was decided that agile development is not the way to go in other than software

development in KONE.
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Project management in a larger scale is handled through Project Portfolio Management Tool
(PPMT). Project manager and the Chief Design Engineers (CDE) have access to the PD-
matrix through the PPMT. The information about who is responsible for producing the
knowledge required by the next milestone, who reports the progress of the development, to
whom and due to what date is stored in the PD-matrix. From a regular designer’s point of
view, the PD-matrix is regarded to be just “nice-to-know” knowledge and the matrix is not
shared to all designers related to the project. All information, if any, about the PD-matrix is

given by the project manager or the CDE’s.

KONE utilizes also a systematic method for keeping track of the project status by organizing
Design Reviews. These reviews are used to conclude the recent findings and proceedings of a
project to the management. The reviews have rather limited attendance, usually only the peo-

ple from the same department and only the department level management is included.

KONE MXCC has some tools that it maintains for its own use. One of these is the Design En-
gineering Guideline (DEG) that is used to store the knowledge relevant for designers. DEG
contains information about the design methods used for current products and also some gen-
eral rules of thumb that have been noted during the years. This allows a fresh engineer to
quickly familiarize him- or herself with the design methods applied so far. DEG acts as a de-

sign principle database also for more seasoned designers.

Other tools utilized are the Data trackers. Data tracker is basically a MS Excel-sheet contain-
ing a links to folders on the department’s network drive and description of their contents. For
example, a data tracker for prototype testing is formed to store the measurement data in an or-
ganized manner. This data tracker is in turn linked to the data tracker of the whole project and
the project’s tracker linked in to the tracker containing all the different projects that are run-
ning. This way a novel database containing all the data from the projects is created. As the da-
tabase is based on Excel sheets, it can be managed by all members of MXCC and no specific

training is needed. A sketch explaining the data tracker architecture is presented in Figure 3.5.
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Figure 3.5. A sketch of MXCC’s Data tracker architecture

MXCC has also compiled “predevelopment information” —form that lists all the information
required to get the machinery development project started. This form can be used by MXCC
as a checklist when receiving the requirements for new machinery as well the hoisting me-
chanics and the platform level when they are compiling the requirements. The collaboration
between the departments is easier when the requirements for the common interface are under-

stood by both parties involved.

3.1.4 Problems with the current approach
In the end of the 1990’s Rekinen (1998) summarized the most common problems of KONE’s
product development in the following statements:
- Product specification changes during the project
- Sharing resources between the projects
- Setting the project goals
- The Blue projects are different, there is no common process
- The needs and wants of the customer are obscure, or not known, for the R&D
- The components are developed as individual parts and not as a uniform end prod-
uct
- Variations in the offering of different countries
- Replacing existing products with new ones is challenging
- Documentation of the projects is incomplete
- Transfer from the Blue project to the Red project is problematic, problems transfer-
ring the knowledge and the reporting is incomplete
- The business effect of a new product is unclear

- Taking the environmental issue into account
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Majority of these issues raised by Rekinen (1998) have been addressed during the years, for

example;

The project goals are nowadays set clearly.

Blue process has been established for concept development.

KONE emphasizes the importance of the customer to its employees and organizes
constant trainings for the product development personnel for them to better under-
stand the needs of the customer. A good example is the yearly organized People
Flow day when personnel from various functions of the company spend a day look-
ing at KONE products through the eyes of the customer and interviewing them.
Process for retiring products has been established.

PD-matrix defines the documents required from a project and the project cannot be
finished before they are ready.

The business effect of new products is clearly communicated inside the company.
The environmental aspect of product design is emphasized along with the fact that
KONE is an environmentally responsible company that produces eco-efficient

products.

Some of Rekinen’s points cannot be addressed on the company level, like the variation in the

offerings of different countries. As long as the legislations, standards and cultures differ all

over the world, the offering must adapt to those.

There are however, some issues that still require attention even though they have already been

addressed in the past:

Specification changes still happen occasionally mid-project. When dealing with
new technology, learning is part of the development process and along with it come
the design changes that cannot be rooted out completely, but their affect should be

minimized.



60

e Resourcing problems are common for development projects as personnel are bor-
rowed in neighboring projects and task forces in the middle of product develop-
ment projects. This affects the efficiency of the product development and the time-
table of the projects.

e Components are developed virtually as individual parts. The PD-matrix gathers the
different responsibility areas of a single component together, but the complete
product level picture containing all the various components is still obscure to the
regular component designer.

e Documentation of the projects has improved due to the implementation of the PD-
matrix as certain documents are required at the milestones and they have to be done
in order to finish the project. There is still the problem of cumulating the
knowledge in a form that it can be easily utilized later without having to go through
the whole project documentation. MXCC has taken action to gather the knowledge
related to product development activities in the form of design engineering guide-
line, DEG.

It has to be borne in mind that these points are based on the opinions of individuals and the

understanding gathered over the duration of making this thesis.

3.2 Company A

Company A (CoA) is an international machine manufacturing company based in Finland.
Electric motors are not its main product, but it designs around two thirds of the motors it uses
in its products. Motors are manufactured mainly in CoA’s own factory, but some manufactur-
ing of the self-designed motors is also outsourced. CoA and its’ subsidiaries also use commer-
cial motors in their products when it is feasible. The products with commercial drives, or mo-
tors, are mainly side products of corporate acquisitions. If the acquired company has a good
product range and market demand for them, the products are kept alive and the production
continues through the same supply channels as before the acquisition. The commercial motors

are replaced with CoA’s own motors as a part of a product refresh, if possible.
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Lifetime of CoA’s product generation can be ten years, or even more. When the next genera-
tion of products is designed, also the motors are renewed. The aim is to consider and satisfy
every customer need by introducing different motor variants. Most of the possible options for
the motors are designed straight away, for example different ventilation solutions and different
brake options. Some additions to the product range are sometimes needed due to demanding
customer specifications. Majority of motors used in CoA’s products are directly connected to
the grid and most of the additions in the range of motors are related to the frequency and/or
voltage of the customers’ country’s grid. Basically changes in the voltage or frequency require
redesign of the motor windings and if the geometry of the winding slots is altered due to the
changes, also the production tools need to be redesigned.

As the product generation renewal cycle is long and the renewals of different product families
occur at different times, CoA can have rather compact organization for electric motor R&D-
functions. CoA has approximately ten people in the motor development team who also take
care of the quality and sourcing functions for the motors. The motors’ electrical components
and their mechanical parts are normally designed solely by the motor team. No “shared engi-
neers” between different teams or departments are used, except for the subcontractor designers
that are used if the teams need additional designers. The product platform managing and sup-
port, along with all production related tasks and problems are handled by the motor R&D-

team.

3.2.1 Company A’s NPD Process Model

In CoA the decision about new projects is made by the Product Board (PB) led by the CEO.
Every new project proposal is presented to the PB that assesses if there is enough information,
technical knowhow and financial benefit that the project would be viable. When a project pro-
posal is rejected, either additional studies are made until the project is accepted or the project
is killed if the PB deems that it does not meet the requirements even after the additional stud-

ies.

CoA uses a point-based Stage-Gate process model for its NPD and it is somewhat similar to

KONE’s. In this model the PB acceptance for a project proposal, or a “Go”-decision, is
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marked as Gate 0. Gate O is considered to be the actual starting point of a commercialization
project. It is the point after which the clock starts ticking towards the product launch and the
project timetable is set. The stages and gates after Gate 0 follow the same general principle as
in KONE’s RED project, specification is followed by prototyping and testing, then the piloting
is started with the prototypes followed by production testing and market launch. Only differ-
ence to KONE’s process is that the piloting is done with the prototypes and not with motors
produced with the actual production process. CoA’s NPD process in general level is presented

in Figure 3.6.

Detailed
Investigation
(Business Test and pilot Production
Preliminary Case) Specification results process Market
assesment Preparation Go Approved approved approved Launch

\\/
N ,s’_ Gate ate Gate Stage Gate Stage Gate Stage Gate Stage
— ‘-Er ~ -2 -1 0 1 1 2 2 3 3 4

Idea or Specification Prototyping, Production Launch
Market need testing and testing preparation
piloting with the
prototypes

Figure 3.6. Company A’s general NPD process

Earlier CoA used model with six gates after Gate 0, but currently the number has decreased to
four. This is due to both technical and financial pre-studies that are carried out before Gate 0.
These two, along with other preliminary studies, form the two gates and corresponding stages
before Gate 0. This change was made to emphasize the fact that at Gate 0 the problems related
to the project have to be solved to the point that the technology is proven to work and the
whole project is profitable. For example the technology related to the motor is mastered and

only issues are optimizing the dimensioning and the production methods related to it.

For CoA’s own designs, a working prototype and attractive business case is required before
Gate 0. In the past projects have passed through Gate 0 without sufficient knowledge about
either the business case or the technology, which has led to delays and changes in the project
timetable or even complete rejection of the project. Today the project deadlines are not very

easily negotiable and the project is not allowed to be rejected after Gate 0 because the compa-
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ny has already used so much of its resources to it. This has led to a tighter project discipline
and also increased the threshold of taking half-witted projects to the PB.

The process also describes all documentation CoA requires from the projects; design draw-
ings, manufacturing instructions and product datasheets. At this point it has to be borne in
mind that electrical motors are only a component in their end product and they utilize well-

known technology.

3.2.2 Company A’s Motor Design Process
CoA has specialized software for designing end-product assemblies according to customer’s
needs from existing designs. If the customer’s needs cannot be satisfied with existing prod-

ucts, new ones are designed by the R&D department.

As the plain motor is not CoA’s end product, the design requirements differ greatly of those of
a company that produces plain motors and is bound by general standards for motor interfaces,
powers, etc. Because CoA produces motors solely for its own products, it can determine the
motor specification by itself and thus have more degrees of freedom to the motor design. For
the same reason the motor development team carries out its development projects as subsidi-

ary ones for the actual end product development project.

When a bigger development project is launched for example to update a product to the next
generation, all design work is focused on the main project and all other activities are suspend-
ed. This means that development of new product technologies and concepts is stopped and on-
ly maintaining actions related to other than the main project are allowed. Focusing on the new
product generation applies to every department; motor design, electrification and manufactur-
ing of the mechanical parts.

In CoA’s products the rotational speeds are very low and the torque requirements are high. A
mechanical gearbox is required as a gearless solution would result in too large machine and
increased production costs. This allows CoA to design the gearing ratio of the gearbox so that

standardized motors and rotational speeds can be used. The motors used in applications with
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gearboxes are mainly induction motors because of lower manufacturing costs when compared

to synchronous machine of the same size.

Due to the extra freedom in motor dimensioning provided by the gearbox, CoA has internally
standardized some dimensions and parts of its motors. This simplifies the design process and
keeps the production costs low as there is no need to make new production tools for every mo-
tor. Internal standardization is in some sense unavoidable when manufacturing motors of the
same type for a long time. Also the gearbox designs and motor-gearbox combinations are

standardized.

Some examples of the standardized motor dimensions and parts in CoA:
- The diameter of the rotor stack
- Diameter of the shaft
- Airgap
- Motor frame size
- Bearings according to the frame and shaft diameter
- Stator slot geometry
- Rotor slot geometry

The basic design process is quite straight forward when using the standardized parts. The most
important input parameters for the design are torque T, rotational speed n, ambient tempera-
ture Tamp and equivalent duty ED. On the base of these parameters the designer can do the
basic dimensioning of the motor. Torque requirement determines the possible shafts and rotor
stacks that can be used, rotational speed along with electrical requirements give the frame for
the stator design and the ambient temperature range determines the thermal dimensioning with
the equivalent duty. The thermal design is the most limiting factor in the stator design and it is
crucial to know the cooling method of the machine when designing it. The motor-gearbox-
combination is optimized in co-operation of the gearbox designers already when deciding the

initial parameters for the motor. Basic dimensioning process is described in Figure 3.7.
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Figure 3.7.  Basic dimensioning process of a motor with standard parts

The basic process gives a general idea of the electrical motor design process as it is done in
CoA in a “normal” design project and existing parts and tools are used. The actual electrical
dimensioning of the motor follows from the suitable parts the general motor design process
presented in chapter 2. If feasible design cannot be achieved using the standardized parts and

tools, the appropriate parts are redesigned.

Product change management in CoA is handled on product level. Product level organization
initiates product changes by directly requesting them from the product development depart-
ment. Platform level gathers and analyzes customer experiences and production test data. If
something that requires product changes comes up, the information is passed down to product
level and from there to R&D, where product change requests are handled separately from the

new product development.

The production tests for electrical motors consist of the four basic tests; no load and short cir-
cuit tests, phase resistance measurement and high voltage insulation test. The test results are
monitored and if the values are not inside the tolerances the reasons are tracked down. No spe-
cific methods for the root cause tracking are specified. Both customer feedback and production

errors are analyzed with “healthy engineering reasoning”.

3.2.3 Lean, other isms and project management in Company A
This far CoA has not adopted lean principles in its operations and there does not seem to be

any plans of doing so in the near future.

Concurrent engineering is applied with electrical and mechanical design when completely new

motors are designed, but usually the design process is so heavily dependent on the previous
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designs that there is no need, or even possibilities, of applying it. If only the stator winding is
redesigned, there is no need for concurrent mechanical engineering as pre-proofed mechanical
design is used. In this kind of a project the mechanical designers work is limited to just updat-
ing the drawings and manufacturing instructions. On department level concurrent engineering
exists in all projects as different parts like motor, gearbox, electrification and mechanics are

designed concurrently.

Six-Sigma is utilized by the motor design team regularly and one of the persons responsible
for department’s quality is a Black Belt. In the prototype testing phase of product development
project Six-Sigma is used for forecasting the durability of the motors from a limited popula-
tion of test machines. As an example, a product reliability test was done with a test group of
thirty motors and the test goal was set in 1.5 million cycles for each motor. A decision was
made to continue the test even though the goal was achieved and during the extra test cycles
some unexpected results showed up. These results were later on taken in to consideration in

motor design. Six-Sigma is clearly accepted and its results proven in CoA.

The collaboration and data transfer between departments is organized in a traditional fashion
by having meetings when they are seen to be useful. CoA does not use any project manage-
ment software that would provide a “real time” status of the project or information about the

subsidiary projects different departments are doing related to it.

3.3 Company B

Company B (CoB) manufactures generators, electric motors and drives for global markets.
CoB’s offering also includes complete electric powertrains for vehicle use according to the
customer’s needs. CoB’s motors and generators can be used with different supplier’s drives as

well as CoB’s own drives can be used to drive other manufacturer’s motors.

The company was established in the beginning 2000’s and machines of the first product gen-
eration were delivered to customers for a few years before moving to current 2" generation

design. Next product generation with more radical changes has already been planned to be im-
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plemented in the near future. Naturally the changes in the products are more frequent when the
technology is new and the company is learning from its products. As the product matures the
changes become less frequent. The third product generation is assumed to live quite much

longer that its predecessors as the technology is assumed to be well known by then.

Quality management is driven to continuously improve the quality, for example 1SO9001 —
certification is aimed to be achieved during summer 2013. Related to this goal different kinds
of quality assurance routines have been taken in to use and their results are monitored and ar-
chived. Some of these routines are arriving inspection that is performed for all material that is
arriving from the subcontractors and final testing of the machines. Every electrical machine is
tested before it leaves the factory premises. In addition at least one machine of each manufac-
turing batch is tested back-to-back. This testing includes all basic measurements for an electri-
cal machine; phase resistance measurement, source voltage test, short circuit test, no-load test
and current-torque test (also known as IT-test).

The inverters that are part of CoB’s offering are manufactured by a subcontractor located in
Germany. The subcontractor manufactures products and components for highly demanding
applications including those of automotive industry. Due to their high quality standards, there
has not been a need to re-test the inverters as they are already tested by the supplier. The pow-
er electronics and the casing of the inverter are designed by the supplier, but the control elec-

tronics are designed by CoB’s own designers.

The expected lifetime of CoB’s products is defined by the customer’s product specification
and it varies from five to ten years, or sometimes even fifteen. Running time has a huge im-
pact on the expected lifetime and as the operating time varies a lot between different applica-
tions so does the expected life time.

The maintenance of CoB products is synchronized to the maintenance of the combustion en-
gine so that in some scheduled maintenance of the engine also the bearings of the CoB ma-

chine are changed. The windings of the machines are not designed to be renewed during the
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product lifetime. If a machine breaks down it is always replaced with a new one because in

many special applications rewound machines are not accepted for use.

The company has six designers working on electrical machines. All calculation, modeling and
type testing along with the customer- and R&D-projects are handled by the electrical machine
R&D-team. The product data management (PDM) system is also maintained by the team. The

individual projects are done by four to five persons.

3.3.1 Company B’s NPD Process Model
CoB’s NPD actions are characterized by flexibility and straightforwardness. There are no
strictly defined project sheets or matrices that guide the actions in projects and they have not

established a process model for their NPD, Stage-Gate or otherwise.

New product development is done in projects that are steered and managed with a project
management tool. This tool is used also to report all working hours and expenses. Project
timetable is written down and available in the project management tool, but the requirements
of the projects are more flexibly defined than in Stage-Gate type projects that can be halted by
one single stakeholder.

3.3.2 Company B’s Motor Design Process

CoB’s product portfolio is readily planned and the machine diameters to be designed in the
future are already chosen. This is made to limit the product variations. The mechanical inter-
faces are defined by SAE —standardized flanges that are widely used in automotive and mobile
work machine industries. The rotational speed offering of each frame size is mainly defined by

the rotational speeds of combustion engines used in the actual applications.

The goal of CoB’s product strategy is to change the existing offering as little as possible.
Changes to the offering are requested rarely and most often the requested changes are related
to minor details of the design like the geometry of the shaft, or the fixing interface of the ma-
chine. Because CoB has predefined offering, it is easy to choose a fitting machine for each

customer. If the existing machines do not fill the requirements, customer’s business case is
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evaluated and based on it a decision of designing a new machine is made. Machines are not

designed for a single customer, if the volume expectations of the market are too low.

The machine specifications are mainly determined by CoB according to the needs of the mar-
ket. Some minor details and mechanical interfaces can be modified according to the custom-

er’s specification, but the machines themselves are determined by fixed offering.

The whole new product design project takes normally under half a year. Some projects are of
course longer than others as every project is unique. The rapid pace of the NPD project is ex-
plained partially by the fact that the technology used in the machines is pretty much identical.
For example the pole structure and stator winding variants stay the same; the machines are on-

ly scaled to match the power requirements and flange dimensions.

The designing itself starts from the torque from which the dimensions of the active parts can
be calculated. Mechanical design of the frame starts immediately after the electrical designer
gives the first rough estimates about the machine’s diameters and stack length. Unlike CoA,
CoB does not design gearboxes to its machines by default and thus the design procedure re-
minds closely that of KONE. Designing the active parts takes roughly one month and same
applies also to the mechanics. During the mechanical designing phase the necessary iterations
to the electrical design are made. Mechanical design is started by studying if the new frame
can be casted and if current subcontractors can manufacture such castings. In some cases the

supply chain needs to be enlarged and possible new subcontractors evaluated.

The calculation procedures and algorithms that CoB uses have been proven to be quite accu-
rate and the calculated maximum torques and efficiencies seem to match the actual values well
already in the first prototypes. Normally one prototype round is enough for a machine with
new frame size and no major changes are needed. The space reserved for the stator end-
windings is quite commonly either too small or too big in the first prototype and needs to be

changed for production.
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CoB’s machines are liquid cooled and normally they are a part of the diesel engines cooling
circulation in a vehicle. The flow calculations related to the design of liquid cooling are made
by a subcontractor that is specialized in FEM -modeling of flow- and thermal systems. Be-
cause the service received from the subcontractor has been high quality, CoB has not seen it

necessary to start developing own competence in thermal modeling.

After the design phase has been completed, it takes some 2-3 months to get the first proto-
types. The prototypes are shipped to the customer straight after they have been tested to match
the specifications. The customer then tests the machine in its real application and environment.
Design changes are made on the base of customer feedback and second batch of prototypes is
ordered after this testing period. CoB has also a demonstration setup for application testing in
its premises. The power of different parts of the setup can be measured and based on the
measurement the benefits of the solution can be evaluated. The same setup can be used to
demonstrate bigger and smaller applications as the results can be scaled to appropriate level to

match those of the customer’s application.

After the possible second prototype round the design is finalized and moved directly into pro-
duction. CoB’s design process is presented in Figure 3.8 as interpreted on the basis of the in-

terview.

Specification Electrical Mechanical Thermal Prototyping, Prototyping, Commercialization
phase design design design round 1 round 2

)4 p =D T

Figure 3.8. Company B’s electrical machine design process

The product changes are done by the R&D team as a regular design project because there is no
PCM specific organization to take care of it. If there occurs some problems with the existing
design and the root cause of the problems is identified to be the actual product design, the

product changes are made by adding a new revision of the design to CoB’s PDM system.
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3.3.3 Lean, other isms and project management in Company B

CoB is currently implementing lean and some actions are ongoing. The most important of the-
se is the implementation of 5S to the factory floor level. Currently the first S, “Sort”, is being
practiced and the results have been encouraging. Six-Sigma is not utilized by CoB.

CoB uses its PDM software in project management. New product development is handled in-
side the same tool in an add-on that keeps track of the project timetable. All important e-mails
and contracts are archived in the tool. The opinions about the project management tool and its
usability differ according to how frequently one has to use them. If a person needs to use the
tool frequently, its operation is quickly adopted, but if the need is just occasional the system
may feel overwhelming and prove difficult to use. In CoB’s case this is not a problem as all

personnel are located close to each other and user support if thus close by.

The amount of interest groups is rather small compared to KONE, but this is explained by the
product structure; CoB offers both electrical machines and inverters that both are independent
end-products, whereas KONE provides whole machineries in which the internal compatibility

of the components has to be ensured.

Basically the only necessary meetings are the negotiations between CoB and its customers and
subcontractors along with the internal project meetings that are held once or twice a month. In
the internal meetings all ongoing projects are discussed and every designer is brought up to

speed of all projects.

There are no project journals, or databases, to gather and summarize the lessons learned from
the projects and the know-how is gathered solely by the designers themselves. CoB has not
seen it necessary to have separate documentation about the projects and their results as the
electrical, or mechanical, designers can share their experiences and observations whenever
they feel like it. In the end of a project the only documentation left is the actual documentation
of the product; datasheets, drawings, etc. Thoughts that rose from the project and the lessons
learned are discussed openly with the whole project team over a coffee after the project. The

resulting documentation is usually an e-mail memo that gets buried under all other mail in the
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inbox folder of the participants. Regardless, the goal of these conversations is to learn about
the project and understand what went well and what not-so-well so that in the next project the

limited resources of a small company are not wasted on something useless.

3.4 Company C

Company C (CoC) is a global manufacturer of electrical machines and drives. It has opera-
tions all over the world as well as multiple locations for R&D functions. Some of the R&D of

CoC’s electrical machines are done in Finland where the company has also factories.

The factories are mainly assembly plants and there are no traditional machining shops with
component manufacturing. All frame components are ordered from subcontractors, but the
active parts of the machines are mainly manufactures in CoC’s own factories. Some sub-
assemblies may also be assembled in some other CoC factories than where the final assembly

is made.

The expected lifetime of CoC’s products varies according to the size and application they are
used in. In industrial applications the lifetime may be some ten to twenty years. Some products
are also expected to be rewound during their lifetime, but in general the basic maintenance co-

vers only the changing of the bearings.

The company is a rather large global enterprise and thus its R&D functions are also scattered
all over the world. In Finland it has couple of locations with departments doing R&D. In this
thesis we take in consideration only the organization that is located in one of the Finnish facto-

ries and is doing electrical machine related activities.

In CoC the division between R&D and the production related organization is rather difficult
due to the structure of CoC’s organization. Without focusing into the details of the organiza-
tional structure, there are estimated to be some thirty electrical designers and around 70 me-
chanical designers working in areas related to technology development and R&D. These de-

signers are doing R&D also for other parts of the electrical machine related business unit, not
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only for the Finnish locations. For the production related design tasks in this particular loca-

tion CoC has about ten electrical designers and forty mechanical designers.

3.4.1 Company C’s NPD Process Model

CoC has defined a Stage-Gate model that describes the general NPD process similar to those
of KONE’s and CoA’s point-based processes. CoC has also separate more specific models for
different types of projects. The currently used model has eight Gates, the first of which is the
decision to commercialize a new product idea. This Gate is marked as Gate 0. CoC’s general

NPD process description is shown in Figure 3.9.

Production

Detailed project startup and
plan and transfer to Post
Preliminary business case Product Testing & delivery Implementation
studies preparation design Validation organization Review
P Gate Stage Gate Stage Gate Stage Gate Stage Gate Gate Gate Gate
gl 0 o 1 1 2 2 3 3 4 5 6 7
Idea Project Rough project Final project Prototyping Commercialization Full production
Startup plan and plan and permission and product release
examination of product family forming
pre-study specification
results
Figure 3.9. Company C’s general NPD process Stage-Gate model

Before Gate O there is a great amount of studies done in order to reveal the possible stumbling
blocks in the coming project and studies about alternative solutions to these problems. This is
only natural as the management wants to be aware of all risks involved with the project. At
this point there are no project plans, but research is made if needed and when there is time as
well as resources for it. This means that the starting of a new project may be delayed by more

urgent matters and projects.

Simplified versions of the model are used when there is no need for all the Gates that exist in
the full model. Gates can also be merged, when possible, to make the model match the project.
The basic principle stays the same but the amount of the Gates may vary as they are merged

together according to the project. This gives some flexibility in the model and does not force
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for example IT —projects in the same format as electrical machine development projects are

modeled.

In CoC technology and product development models have been differentiated from each other,
because of the fundamental difference between the two; the goal of technology project is not
to produce an end product, but to validate a technology. This is why it is not very clever to try

to push these two in the same form by using the same process.

Process model has gathered wide acceptance among the employees of CoC, but the opinions
vary a lot. The importance and usefulness that the formal process is seen to have, varies heavi-
ly according to the size of the project and that of the organization it is used in. In small pro-
jects it is seen as unnecessary bureaucracy, but in bigger projects its benefits from the project

management point of view are acknowledged by everyone.

The Gate memos and Check -lists are mandatory parts of project reporting and they are re-
quired for every project. The format of these documents is fixed and does not change accord-
ing to the projects. The checklists consist of all the tasks related to the projects in the form of
questions, for example; “Have the electrical parts been designed? — Yes” or “Has the thermal
dimensioning been verified? — No”. These questions are same generic questions for all pro-
jects and they are interpreted according to the project scope. The project plan is also mandato-
ry for every project, but the format changes according to the project and the plan may be up-
dated also during the project. Often it is also the document that is used to record the made de-
cisions and changes to the project. In addition, every project has documentation in different
forms like drawings, design calculations, manuals and user’s guides. The amount of this type

of documentation depends on the type of the project.

In electrical machine product development CoC uses business unit specific general guideline
that has been modified to fit the typical projects run by the business unit. This guideline in-
cludes process model and description. Motors and generators form their own business unit.
This far these guidelines are country specific and there is no global guide line, resulting in dif-

ferent modus operandi in every country, but the general way of doing things remains more or
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less the same. The checklists used at the Gates are compiled according to the project by inter-

preting the general template lists as mentioned earlier.

There are also some own additional procedures for checking the designs in the different units
of CoC. One good example of these additional check-ups is Design Reviews that are kept in
the different states of the project, similarly as in KONE. In the design review the produced de-
sign is compared to the specification and evaluated if the requirements of the specification
have been fulfilled. There are own specific guides and models for conducting reviews. Also

the research and calculation methods are assessed in the review.

During different Stages a failure mode and effects analysis (FMEA) is also conducted and its
progress followed. In addition of the technical risks of the product, possible risks may be for
example the resources available for the project, financial risks, material costs and availability,
etc.

KONE and CoC have compared each other’s NPD processes during the year 2005. This study
included at least visits to the premises of CoC and presentations of each company’s processes.
Documentation-wise this study was conducted extremely lightly and only some slides from the
presentations were archived. On the base of e-mail conversation with KONE’s Product Devel-
opment Director and CoC’s Production Unit Manager, who were organizing this study in
2005, there were no revolutionary findings to the one way or the other. Both companies used
already then the point-based Stage-Gate process model and the general NPD descriptions were
nearly identical. (KONE PDD; CoC PUM)

3.4.2 Company C’s Motor Design Process
In most projects at CoC, the design process follows the general level machine design present-

ed in chapter 2.

Usually in the beginning of an NPD project the frame size of the machine is already known
along with the machine type and its purpose or intended use case. Majority of the motors

manufactured by CoC are general purpose motors that should fit almost every possible use
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case with only active part modifications and adding possible extra features like external fan,
vibration sensing, additional temperature sensors, brake or unusual position of electrical con-
nection box. Also different frame structures, sometimes needed due to unusual mounting pat-
terns or bearings, may be regarded as additional features. CoC makes also application specific
variations of its motors for some demanding special applications where for example unusual

torque characteristics are needed.

The project sizes vary from single motor projects to projects that cover whole product family.
Usually a project produces more than one motor, but their structure is similar for example
from the cooling method or the bearing type point of view. The common characteristics of the

individual motors are the key to producing multiple motors in one project.

There are some basic variants of the motors that are designed right away in the actual product
development project, but some variants are always left to be designed later. The variants de-
signed in the project are the ones CoC estimates to have the biggest market demand and the

variants with marginal- or unsure demand are left to be designed later.

The product specifications are normally defined by CoC itself, but in orders of bigger ma-
chines or special applications the customer gives the specifications. This applies both for ex-

ternal- and company’s internal customers (i.e. other departments).

In some cases the product specification is agreed in a written contract and the same contract
specifies the possible sanctions for changing the specification in the middle of the project. Of
course it is natural that the specification may need some corrections, or some specified product
requirements may be in conflict with each other so that one property must be chosen over the
other. The aim of these contracts is not to limit the corrective actions to the specification, but
to try to rule out the possibility of getting a totally new specification after the first prototype or

even later in the project.

The amount of prototype rounds varies according to the product; is the technology old and fa-

miliar, or is the company dealing with a completely new technology. Normally only one proto-
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type round is made, but for example with smaller machines it may be viable to make multiple
prototype versions in parallel and in a way do multiple prototype rounds in the time of one
round. This applies for kilowatt —range motors, but for motors for power of couple hundred
kilowatts and more, the material costs and the amount of time spent in the prototype round are
so vast that there is no point of making more than one prototype. With the large machines the
CoC relies on calculations and multiple prototypes have to be replaced by extensive calcula-
tions, whereas with smaller machines prototypes can be manufactured even on the same pro-
duction line with normal manufacturing of current products and thus be easily and cost effec-

tively produced.

The design phase and manufacturing of the components takes a lot of time with the large ma-
chines and prototype rounds take months, even half a year, to complete. With smaller ma-
chines the prototypes may be ready for testing in two weeks if they can be produced along
with the normal production. As CoC has no plain prototype workshops, getting the production
capacity reserved from the production line is determining the amount of time spent to the pro-
totype rounds. The most challenging prototype parts in the delivery time point of view are the
castings and forged shafts of the machines. The manufacturing of the casting molds takes
some months and the manufacturers may be located in different countries and thus the ship-
ping of the parts takes its own time. Also when dealing with new specialized materials the de-
liveries can be painstakingly long. This applies for example to permanent magnets and special

electrical steels.

When designing the mechanics of a machine, estimation of the space needed for the end wind-
ings of the machine is made with CoC’s own software that utilizes the windings electrical de-
sign to calculate the space estimate. In the mechanical design also the different forces pro-
duced by the electrical parts are used to model all the stresses and vibrations in the machine

along with the acoustic properties of the design.

Another cross disciplinary area for mechanical and electrical design is the thermal dimension-
ing of the machine. Thermal design is quite often a no-mans-land that requires knowledge of

multiple fields of engineering. This is why at CoC both electrical- and mechanical engineers
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work on the thermal design. Sometimes also specialized designers are needed, because CoC
has a wide range of different cooling solutions and some of them require deeper knowledge in

the field of thermal analysis.

CoC has a dedicated PCM department to handle the product changes for existing products.
The product development organization provides support for product changes if needed. The
rate of involvement depends on what kind of a product change is in question, some are han-
dled solely by the PCM team and others require expertise of the product development depart-
ment. It is common that product change request is realized as a new product development pro-
ject that then makes the changes, for example redesigns some part.

3.4.3 Lean, other isms and project management in Company C

CoC has adopted lean production thinking already a long time ago and the results have been
positive. Though the lean tools and methods that are being used have changed, or evolved,
over the time the main idea has remained the same; how to make as much value as possible for

the customer while doing as little effort as possible.

The most distinctive action has been the implementation of 5S. It was first implemented in the
production where its effect is visible both in the cleanliness and order on the factory floor as
well as in the productivity in the long run. 5S was also initialized in the offices, but it remains
unclear if the actions have continued to this day. There have not been other lean implementa-
tions in the R&D department, as it has not been seen to fit R&D’s way of working.

Six-Sigma and other statistical tools are also used widely in CoC for observing test results and
other data in statistical point of view. There are multiple Six-Sigma related projects running

continuously.

Project management is supposed to be handled through electric databases and so that everyone
can access the project data and see the current state of the project in the database. It is hard to
say what the utilization rate of these tools is, and what the know-how of the personnel about

how to use them is. There is a possibility of keeping track of the progress of product develop-
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ment projects in matrix form, or otherwise documented, but their updating is irregular and thus
the reliability of the data is of question. Another problem is posed by the system itself as the
data is hard to find in the system. The lack of knowledge is obvious; does one need special
software to access the database, separate usernames and passwords, etc. This is quite often a
problem with the electrical databases also in other companies, so CoC is not exceptional in
this sense. The most important communication and knowledge transfer channel is still the tra-

ditional project meetings and reviews.

3.5 Company D

Company D (CoD) is a rather small manufacturer of generators and motors. CoD has both its
development and production functions based in Finland. Even though the company is small, it
has a flexible offering of small wind power generators and tailored water power generators.

Because every water power plat has different drop height and flow velocity, every water pow-
er related customer has some special requests related to the generator. Regardless of this CoD
tries to reach maximum modularity in its products so that the machine frames are kept as iden-
tical as possible. Good compatibility with large scale of applications can be managed by cus-
tomizing the fixing interfaces according to the customers need and using a frame design from
an existing product. Regarding to the smaller machines, under the power of 100kW, CoD has
decided that it has a fixed offering and there are no customizations done to them.

The parts of the machines, like castings and stators, are manufactured by subcontractors, while
CoD designs, assembles and tests them. Some small machining and prototype windings can be
done with CoD’s own tools, but this kind of activities are rather rare. The production volumes
are so small and the variation of products so vast that it has not been seen necessary to invest

on own manufacturing machineries.

The basic technology of the products has remained the same during the years, but some ad-
justments to the design are made whenever a better technical solution for some part of the

product is found. Normally the product changes are initialized by the customer’s special
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needs. Typically the lifetime of customer’s product generation is from three to five years, after
which there may be changes needed for the generator design also due to customer’s specifica-
tion changes. During these customer product cycles there are no significant changes to the
generator specifications and the changes are related to the fixing interfaces or some other mi-
nor details.

The expected lifetime of CoD’s products in the water power applications is up to fifty to sixty
years and the designing has to be in line with this expectation. The bearings of the generator
are changed at the cycle of ten years, slide bearings at cycle of fifty years and the stators are
rewound every thirty years or so. For wind power applications the expected lifetime of the
products is from ten to fifteen years, which is limited by the lifetime of the turbine blades and
other structures. During their lifetime, wind turbines are serviced twice or thrice in a bigger

scale when the bearings of the generator are changed.

CoD has seven persons in its product development organization. All personnel are involved in
the projects also, thus there are no plain designers with no other duties. There are some shared
personnel resources with another company. The other company is equally sized small start-up
company and by sharing some of the personnel resources the two companies can save in the
salaries of the staff. If there is plenty of work in the other company and the other has a calmer
moment in its orders, lending of personnel can be extended to the designers also in a larger

scale.

3.5.1 Company D’s NPD Process Model

The NPD process of Company D (CoD) is defined as a flowchart model. It is applied to every
NPD project, but in a form that is adapted according to the project. This is done because CoD
wants to have a single model, but as the products differ so much from each other it is impossi-
ble to have stiff process with no flexibility. The actual process flowchart of the process model
is not presented in this thesis, but the main phases of CoD’s NPD process are explained and a

graphical presentation made by the author is included.
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The company recognizes that it has some six phases in its NPD process. The process starts
with specification of the product. After the initial design phase, the product is checked against
the specification and if the customer approves the design, prototyping is started. Prototyping
results are also reviewed by the customer and if the prototypes meet the requirements, the pro-
duction testing, or production of the 0-series, is started. The production testing may also be
replaced by another prototyping round. After all these phases the product is commercialized
by ensuring the manufacturability and cost effectiveness of the design. CoD’s basic NPD pro-

cess is presented in the Figure 3.10.
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Figure 3.10. Company D’s general NPD process

3.5.2 Company D’s Motor Design Process

When a new project that involves designing of a new product is started with a customer, the
first thing to agree on is the design costs. CoD makes an offer for the customer either accord-
ing to the total cost of the prototypes or the cost of unique machine. For higher volume prod-

ucts the price is formed at a budget level taking into consideration the longer production term.

In some projects the customer has complained about the price of the product, but in the end the
customer has bought the product because it is only natural that a tailored product is always
more costly that a serial produced one. The cost is also a straight result from the requirements
of the product specification, which often states that the product has to run at low speeds, be of
reasonable size and have at least 95% efficiency. This means that there has to be a lot of active
materials, copper and permanent magnets, in the machine and they of course increase the cost

accordingly.
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Typical small wind power generator development, or revision, project takes from four to six
months from start to closing, including product design, implementation and the manufacturing
of pilot, or 0 —series, machines. With bigger machines the delivery is usually promised to be
from one to one and a half years away from the order. With these projects the biggest chal-
lenge is the sheer size of the machine, as the diameter can be up to 4 meters. In these projects
finding a workshop with appropriate tools to manufacture the product sometimes proves diffi-

cult.

The design principles for designing a generator are exactly the same as if designing a similar
sized motor. The information that customer provides for CoD when starting a project includes

some initial guess about the dimensions-, efficiency- and the cooling method of the machine.

At the specification phase a written contract is made before the development is started. In the
contract the customer approves the concept with which the project is then started. The changes
to the specification after this contract and the resulting redesigning work are billed from the

customer as separate work apart from the project.

If a completely new type of machine is being designed, first thing to do is to design the active
parts after which the mechanics of the machine are designed. This means basically the frame
and the rotor structure. On the basis of the mechanical design, a thermal model is created and
the design is then modeled and evaluated from the heat transfer point of view. If needed,

changes are made to the design to improve the cooling.

Design of the active parts is made for every water power project individually. At the easiest
situation there is already existing product that is close to the customer’s specification and the
scaling of the design is done in half an hour in MS Office Excel. In the worst case the frame of
the machine remains the same, but the pole pair number needs to be changed and thus all ac-

tive parts need to be redesigned.
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The diameters of the machines have been standardized by CoD and the length of the machine
gives the freedom needed for designing a machine for every customer’s needs. The standard-

ized diameter and varying length provide quite easily scalable basic layout for the machine.

The power of the machines is scaled by designing one- and two-sided axial-flux machines in
the same frame structure. In practice this means just putting either one or two stators into the
machine. The volume advantage provided by this solution compensates the additional costs of
using larger frames in the lower power models and makes it easier to find subcontractors for

manufacturing the components of the machine.

In the design phase CoD co-operates with the subcontractors in the matters related to the man-
ufacturability of the machine components. The subcontractors know their own tools better that
CoD’s designers and can give feedback about the design. This is design for manufacturing at
its best.

As an option CoD usually designs a brake for its machines along with different fixing options
allowing the machine to be used both in vertical- and horizontal position. There are no variants
created by different cooling methods as both wind- and water power generators are cooled
solely by the air or water rotating the turbine. The thermal designing of the machines relies
heavily on the experience that has been gathered from earlier machines. This basically means
that measurement data from earlier products is used and just scaled appropriately. If some
measurement data exists from a similar size of machine, the running temperature can be calcu-
lated to the accuracy of some five degrees Celsius with some crude approximations. This is

accurate enough for the thermal dimensioning of an electrical machine.

Testing of the standard machines, meaning small wind power generators, is done by measur-
ing the resistances, insulation strengths and polarizations of the machines stator windings.
These tests are conducted for all smaller machines. The larger machines up to one megawatt
can be also tested back-to-back. In this case all from electrical power and efficiency to vibra-

tions and acoustics of the machine can be measured.
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For machines with power over one megawatt, and for smaller machines that are close to the
design of some earlier machine, a lighter testing procedure is applied. In this simplified testing
the static testing of the stator winding is performed, including insulation strength-, polariza-
tion-, phase resistance-, no load- and over speed test. The over speed test is done by driving
the machine at the highest allowed rotating speed. In addition during the no load testing, also
the vibrations of the machine are measured. During the testing, some kind of guess about the

machines parameters is given by the frequency converters identification run.

Back-to-back testing of large machines is always a matter which is discussed with the client
and it is billed separately as the setup of the test takes so much time and effort. This is due to

the size of the machines as one generator can weigh up to twenty tons.

After the prototyping phase the test results are approved by the customer and the possible de-
sign changes are agreed upon. The changes to the design are done instantly and then trans-
ferred “smoothly” to the production, without interrupting the production for a long time at any
point. In the water power applications the machines are so big that there are no separate proto-

types and the actual machines are done straight away.

In addition CoD does a constantly FMEA —studies about the current design for being able to
estimate the probability of machine failures at a given time span. Typically the most challeng-

ing phenomenon is the corrosion of the machine.

CoD emphasizes modularity in its designs so that existing product designs can be utilized and
skip some parts in the design process of new products. This in turn requires that the process
model is adjustable, and it is modified to fit each project separately according to the amount of
design phases in the project. The general principle of CoD’s full electrical machine develop-

ment process is presented in Figure 3.11.



85

Specification Electrical Mechanical Thermal Customer Prototyping O-series /
phase design design design approval Prototyping

P

k4 —r" ‘1,\r‘
.‘\!\::::::::\L _______ § \L ________________ JJ
Figure 3.11. Company D’s electrical machine development process

Product change management is handled by the R&D department. If a product change is need-
ed, new design is made and updated to the product data. At the same time the need for chang-
ing or servicing other similar products in the field is evaluated against the service plans to see

if the necessary actions can be taken at regular maintenance of the machines.

3.5.3 Lean, other isms and project management in Company D

This far CoD has not seen lean or Six Sigma to be relevant for its operations at any level, and
has not implemented them in any of its functions. DFX in the other hand is utilized in the form
of Design for manufacture when the designers request feedback from the suppliers about the

design of the product.

Project management is done with specified software. As usual, there are many opinions about
the system, but when everyone remembers to do their part of keeping the information in the
system up to date, it fills its purpose. The software is most suited for volume products and it is
a great help for managing them, but with unique products it is much easier to just use MS Of-
fice Excel —sheet shared on a network drive for managing the project. This is a viable option
because the organization is currently so compact and there is no need to copy the data in mul-
tiple places. CoD recognizes that project management and data management is area where it
would have a lot to develop. As the company grows, the day of needing a proper database with
easy access and user rights management grows also closer. At the moment the organization is

kept in the loop of things due to its small size.

At the design phase, all different design calculations are saved automatically and they act as

the documentation of the design process. In addition any remarkable changes to the design and
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their causes are documented. In general, the product’s own documentation and datasheets act

as a final report of the project, no additional reports are filed in to CoD’s systems.
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4 ANALYSIS OF THE ELECTRICAL MACHINE NPD PRAC-
TICES

In this chapter the main observations of the five different NPD processes and organizations
presented in chapter 3 are gathered and discussed. Also a general NPD process for commercial

development of electrical machines is derived.

4.1 Electrical machine development organizations

The size of the electrical machine NPD organization varies greatly in the interviewed compa-
nies, not least because of the different size of the companies. In a young technology oriented
start-up company, the heavy investment on research and the lack of existing equipment on the
market lead to the situation that the proportion of R&D personnel among the employees is ra-
ther large when compared to that of a mature company with existing equipment on the field. In
the more mature companies, the amount of employees working on R&D is normally just a
fraction of all personnel. Here the effect of the product type, finalized end product or compo-
nent for manufacturers, is clearly visible. Especially if the company has some service func-
tions for its products, the size of the support functions tends to grow as the amount of tendered
products increases on the market over time. The percentages of employees working in electri-
cal machine R&D in each company are presented in the Table 4.1.

Table 4.1. R&D organizations of the companies
Company KONE A B C D
Age in years 103 ~20 <5b > 100 ~10
Employees ~ 40000 | > 10000 <20 (>140000| <20
Percentage of electrical
machine R&D from all
employees <05% | <0,5% | ~30% <05% | ~35%

It seems that the statement about the R&D orientation of the young start-ups can be confirmed
from the data of Table 4.1. In the other hand the R&D personnel of a start-up company rarely

concentrate solely on the actual product development, but instead handle various tasks ranging
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from sourcing to material management, etc. This together with the fact that companies grow
over time leads to the impression that as the company matures the percentage of R&D person-
nel among the employee’s decreases even though the amount of R&D effort would remain the

Same.

4.2 Electrical Machine NPD Processes

All in all, the NPD processes of the five companies presented in chapter 4 are quite similar,
after all in every case we are talking about a design process of an electrical machine. There
may not be a formal presentation of the process in all of the companies, but as the design prin-
ciples for electrical machines are rather universal and can be applied to all kinds of machines
with appropriate formulation and simplifications, the resulting activities are quite similar.
However there are also some differences and they are discussed next in the order of the NPD

process.

Preliminary study

The project preliminary study phase is recognized in three of the five companies, KONE, CoA
and COC. Also in CoB and CoD some form of preliminary study must exist, as CoB mentions
that they familiarize themselves with the customers’ application before starting the design pro-
cess and CoD makes an offer against the customers’ specification. Both of these could also be
regarded as pre-studies, but the companies have decided to leave them out of their process.
Between KONE, CoA and CoC, the biggest difference is that KONE and CoA handle the pre-
liminary study phase as a separate (Blue) process, whereas for CoC it is a fixed part of the
whole development process. In principle separate processes (and projects) should allow the
companies to effectively kill the non-promising projects right after the preliminary study. For
KONE this is somewhat difficult, at least in electrical machine development point of view, as
the machinery projects are always an answer to a need from the elevator level. In CoA the
electrical machine research seems to be more spontaneous than in KONE and when some idea
IS mature enough, it is presented to the Product Board.
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Project Go -decision

There is a great difference in the way of making a Go —decision for a project in CoB and CoD
when compared to the other companies. The actual decision is made by the customer, whereas
in all the others the decision is purely internal. Because of CoC’s mature product selection, the
new projects are in a way subordinate to other activities like product change projects. Judging
from the description of CoB’s product strategy, their situation may be somewhat similar after

their product family matures and all of its products are designed.

The internal Go -decision in KONE and CoA is based on the findings of the preliminary study,
including validation of the concept by examining the prototype test results and the business
case. It seems that in these two companies it is crucial to get the project to the goal after it is
started and Killing an already started project is rare. This has led to a process where the most
uncertain part of the NPD is separated in its own process. CoA still represents its NPD as a
single process, but it was indicated that the pre-studies live their own life and only the mature,
in other words successful, ones are taken to the PB and continued as NPD projects. CoC
makes the preliminary studies after the project has been started and if the results are not en-

couraging the project is Kkilled.

The two-process approach is effective for keeping the costs of the preliminary studies in con-
trol, but too tight budget could inhibit the study itself. The goal of all companies is in all cases
the same; no matter how the process is represented, as a single process or multiple ones, the
most crucial thing for the company is to be able to kill unprofitable and unsuccessful projects
as early as possible. When an unsuccessful project is recognized and killed in an early stage,
the amount of money and efforts spend to the project is minimized. Maybe the biggest differ-
ence between these approaches is that the two-process version seems better from the product
development management point of view as the amount of killed projects is dramatically small-

er than in the single process version.

The differences in the definition of R&D project should be also noted here; CoB, CoC and

CoD seem to use the term also when talking about engineering linked to customer deliveries,
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whereas CoA and KONE use the term only for the development of new products for their in-

ternal customers according to their needs.

Specification

Product specification phases of these five companies can roughly be divided in to two catego-
ries; external specification and internal specification. External specification is given by the
customer, or at least it has to be approved by the customer and internal is defined by the com-
pany itself. The way the product is specified is also related to the type of the product in ques-

tion.

For example CoC and CoD use both of these approaches; internal specification for high vol-
ume products and external specification for customized products. In a way CoC’s volume
product’s specification could also be regarded as external as the standard motor market is so
heavily standardized. CoB gives the customer some freedom to specify the interfaces of their
products, but mainly the specification is internal and based on CoB’s product family plan. The
rest, KONE and CoA, rely on internal specification. This is natural, as they are the only ones
of the five interviewed companies producing electrical machines as components for their

products instead of selling them directly as end products.

In companies specifying their own products, due to the organizational structure the situation
may still be similar for the machine development team as in companies using external specifi-
cation. This can pose some questions about different departments’ the commitment to the
specification. With an external specification from the customer, it is common to agree upon
the specification and sign a contract on it. If the specification changes after this, the company
can bill the additional design work and even change the timetable of the project. With “inter-
nal customer” this is not so common, and usually the changes just happen and the timetable of
the project remains the same. This is why CoA emphasizes that it is crucial that the interfaces
and the requirements for the motor are specified properly at the beginning of the project. Ma-
jor specification changes are rare in CoA, but this is also due to the fact that the other depart-

ments know what are the crucial measures and features that cannot be altered without major
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changes to the design. This requires constant communication between the departments and

effort from all the parties involved.

Design phase

The basic structure of the machine design phase is similar in all of the five companies and it
corresponds to the one presented in chapter 2. This is not surprising, as all companies are de-
signing electrical machines. The basic steps in the design process are electrical design, me-
chanical design and thermal design. In addition the companies have steps like vibro-acoustic

design, if it is beneficial for the end product.

The size and the type of the product have a significant effect on the amount of modeling done
in the design phase. If a company produces large machines with low volumes, it is not profita-
ble to make prototypes and thus the meaning and amount of modeling is increased. Also if a
company is producing small machines with very high volumes, it may be cheaper and quicker
to test the design with a prototype than try to model it accurately. This is highlighted even
more if the company has previous products that can be used as a base for the prototype. A
good example is an induction motor where for example different rotor bar geometry is tested.
The machine stays the same except for the rotor slots and bars, thus making the production of
the prototype easy. Standardized parts and product structure assist in this.

All of the companies utilize electromagnetic FEM in the design of their products. CoC and
CoD rely on their modeling methods so much that they do not make any prototypes of their
larger machines. In CoC modeling is used also with smaller machines, but similarly as in CoA
the prototypes are easy to manufacture due to the mature product lines of these companies.
CoD also relies on its earlier designs and occasionally design of a new machine can be done

only by scaling earlier machines.

In general all companies do their own electrical and mechanical design. In thermal design and
more specialized fields like fluid dynamical analysis and vibro-acoustic analysis the case is
not as simple. For rough thermal design all companies have developed a thermal resistance
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network models applicable for their own products, but when more sophisticated analysis of the
thermodynamics of the product is needed only CoC has the know-how in-house. The rest of
the companies have at least at some point outsourced some thermal modeling and the same
applies to fluid dynamical analyses also. Some of the companies have noticed that the thermal
resistance network model gives sufficiently accurate results for their application and are cur-
rently using it as a primary method for thermal design. In applications with liquid cooling, like
those of CoB and CoD, the fluid dynamical analysis of the cooling lines are sometimes re-
quired. KONE in turn has increased the level of vibro-acoustic know-how as a low-noise and
low-vibration is desirable and brings more value to the customer. FEM is utilized in the design
phase for optimizing the design from the noise and vibration point of view. Also CoB and
CoC mentioned measurement of vibration and noise as a part of their testing, but in the design

phase they were not mentioned.

Prototyping
As said in previous chapter the companies do not make prototypes from every machine type.
Prototypes are not normally made for large machines and existing designs ease the production

of smaller prototypes.

Usually the prototypes are made with the company’s own expense. This is true for KONE,
CoA, CoC and CoD. CoB works in a different way as it sells the prototype for the customer on
a separate deal. This prototype price includes the design work and the prototype itself. This is
also cost effective for a small company; there are no risks involved with the prototype as the

customer has agreed to buy it.

If a completely new size of a product is made the problems in prototyping are the same for all
of the five companies; the delivery time for castings is very long, manufacturing of the punch-
ing tools for stator and rotor sheets takes time and always has to be evaluated if the current

suppliers can deliver the needed parts or if new ones have to be searched for.
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Production designing

Due to the limited resources of small companies, in CoB and CoD the production designing is
done by the R&D department. In CoA, CoC and KONE, separate departments are assigned to
the task.

The production design is of course not as comprehensive task in a company that only assem-
bles the products as it is in a company that also produces the components used in its products.
CoA, CoB, CoD and KONE use all subcontractors for producing their components and the
only thing to design is the assembly and testing of the products as the supplier designs its’ own
production methods. If the product is highly standardized as in the cases of CoA and CoC, also
the suppliers’ production design tasks can be quite light if there are no major changes in the

design, or manufacturing technology.

Piloting
Product piloting is usually made to verify the functionality of the product in the customers’
application. Some companies sell their products “as is” and no piloting is done. This applies

for the products that are sold as standard components to a customer application.

CoA, CoB and KONE pilot their products with customers. CoB pilots the products with every
customer whereas CoA and KONE use only selected customers as a part of the piloting. In
addition KONE does in-house piloting before releasing the product for customer piloting. CoC
and CoD do not pilot their products, the prototypes are tested, possible 0-series is produced
and then the product is rolled out in the production.

Ramp-up

In smaller companies, CoB and CoD, the production ramp-up is also handled by the same per-
sonnel as R&D and production design. Also in the larger companies the R&D is involved in
the production ramp-up. In CoA the product is R&D’s responsibility until the market launch
and at that point the production process is already approved. The actual ramp-up is handled by

the production organization. In CoC the ramp-up is initialized by the R&D and the production
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is accelerated to full speed by the production organization. In KONE the product is a shared
responsibility of R&D and PCM from piloting to ramp-up and the responsibility is transferred
fully to PCM at K6-milestone.

A generalized electrical machine development process compiled on the basis of the processes

of the five companies is presented in Figure 4.1.

Preliminary (i o .Go : Specification Design phase Prototyping Ramp-up
study decision

Production designing

Electrical design Me:h “_'"""’ Thermal design
lesign

Figure 4.1. Generalized electrical machine development process

In the generalized process, the order of the design phases may alter and usually companies at-
tempt to keep them as concurrent as possible to execute the whole development process as fast

as possible.

4.3 Product change management from R&D viewpoint

In all of the interviewed companies the R&D -department takes part to the product change
projects at least every now and then. KONE and CoC have their own separate PCM organiza-
tions that take care of the continuous improvement actions for the products. The R&D —
departments are involved in their projects only when the changes are large, or some particular
expertise of the R&D is required. Sometimes high priority projects require attention of both
departments. CoA, CoB and CoD do not have separate PCM organization and all product

changes are done by the R&D —departments.

Usually the product changes are less bureaucratic and lighter processes than normal product

development project. Product changes are most visible when carried out as a taskforce and
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when the way of working is closer to agile development than in a normal project organization,
even though these are a minority among the product changes that are made yearly. Usage of
product changes can also reduce NPD project cycle times if design modifications in the late
phases of NPD are handled as product changes and the whole project is not hurled back to the
design phase.

4.4 Lean, other isms and project management

The isms used by the companies on the base of the interviews are presented in the Table 4.2.

Table 4.2. Management isms in use in the companies
KONE CoA CoB CoC CoD
DFX X X X X X
CE X X X X X
Lean X X X
Six Sigma X X X
Agile development X X @ X @

Y Only 5S implemented
2 Distinct features of Agile development present

Every company seems to practice DFX in some form, or the other. The most common way of
doing it is consulting suppliers for the manufacturability of the parts and designs.

CE is also commonly utilized in the design processes, as every company states that for exam-
ple the mechanical design is started with some initial guess about the machine dimensions giv-
en by the electrical designer. The dimensions are then later modified if the electrical design
requires some changes. The mechanical design is rarely critically affected by small change of
dimensions and if it is possible to build the design model parametrically, the changes are also
easy to implement. Same thing applies to the thermal design. All companies except CoA apply
this method in their product development. Differing from the others, CoA states that CE is ap-
plied to some extent only when completely new type of machines are developed, but normally
the design is so dependent on the preceding stages of design, that concurrency is marginal.

According to the interviewees, CE approach can only go so far in improving the product de-
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velopment process. There are always some activities that are dependent on other tasks to be
done before starting that particular development phase. By forcing the development in fully
parallel mode, these dependencies dictate that some tasks are delayed until the preceding tasks
are done. This in turn delays the whole project. When applying CE in PD, the nature of NPD
should be taken into account and the concurrency should be restricted to the level that is natu-

ral for the process.

All interviewee’s associated lean principles to the lean production paradigm. It is used by ma-
jority of the companies, only CoA and CoD have not implemented lean thinking in their pro-
cesses. KONE and CoC are applying lean more thoroughly than CoB, who has only started to
implement 5S in its factory floor level. Both KONE and CoC have introduced 5S also to offic-
es in addition to the normal factory floor implementation. CoC’s 5S implementation in the of-
fices couple of years back is somewhat forgotten nowadays, at least in R&D. In KONE Ma-
chinery Category, the weekly office 5S audits are still continuing, but as usual the results vary
according to the personnel’s personalities. Desks are considered to be a personal area that
looks as it happens to please its owner. From the PD point of view, production lean offers
some tools that may be applicable in the offices and laboratory premises (5S, Kanban, visual
control, etc.) along with the customer oriented mindset that is necessary for developing suc-
cessful products. Also the continuous improvement spirit of Kaizen is needed in PD; how can
one expect to develop continuously better products if the methods stay the same? However,
tools like VSM may prove to be impractical, as the NPD process cannot be mapped to the de-
tail as every product is different and every designer has his/her own methods of working.

The fact that every interviewee associated lean to its production version indicates that lean PD
methods are not well known even though there seems to be growing interest towards them on
the company level. KONE and CoC are also increasingly interested about the possibilities of
lean PD, and they have even organized a common lean PD training and workshop in April
2013. On the base of the interviews the implementation of lean PD has not yet been started, or
it is not in any sense mature as the subject of lean PD was not addressed during the interviews.
Both companies are training their staff in lean PD and supposedly the implementation will

start shortly. Even though lean PD is not yet recognized effectively in the product develop-
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ment departments, signs of existence of knowledge based development can be found in three
companies; CoA, CoC and KONE. CoA mentions prolonged testing cycles that have been run
for a test batch of motors in order to gather knowledge of the long term reliability and wear of
the motors. The information gathered in the testing has been utilized in the development of
new products ever since. This is the essence of knowledge based product development. In
CoA and KONE the use of set based design is evident as both companies utilize test batches in
the prototyping phase for testing different designs concurrently. Ward et. al. (1995), as well as
Ledn and Farris (2011), conclude that set based approach with “ambiguous” product specifica-
tions and “excessive” prototypes in product development results in faster and better PD pro-
cess than traditional point-based approach. According to Leon and Farris (2011) gathering
knowledge about the phenomena related to the product and about the possible design space is
vital for this approach. As it has already been noticed in the companies like CoA and KONE,
knowledge based development and set based design offer excellent tools for reducing the time
spent for developing products and the quality of the designs.

Six Sigma methodology is used only by the three biggest companies, KONE, CoA and CoC.
Its tools are applied to various analysis tasks ranging from test result- to product data analysis.
It has to be borne in mind that also CoB and CoD use statistical tools and methods for analyz-
ing their product- and test data. But as we are comparing the usage of management isms, they
are not using Six Sigma methodology. Six Sigma provides the statistical tools for tracking the
cause-effect relations of different design parameters in electrical machine PD and tools for es-
timating the quality and reliability of the designs. Advantage of organized Six Sigma approach
is the standardized toolbox of methods that are used and appropriate training for the personnel

before they receive the belt -certification.

Seems that agile development is just finding its way to the companies and it is mentioned by
name only in KONE related to software development. In CoB and CoD, the agility is born
naturally as the organizations are small and the personnel are involved in various activities
ranging from product development to customer relations. These facts forces the smaller com-
panies to promote individuals and interactions over processes and tools, working product over

comprehensive documentation, customer collaboration over contract negotiation and respond-
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ing to change over following a plan, just as the Agile manifesto states. Agile methods suit well
to software development, but seems impractical from electrical machine PD point of view.
There the natural pace of development is multiple times slower than in software development,
due to the manufacturing times, etc. This is why agile methods are not very attractive alterna-
tive for electrical machine PD.

Project management tools vary between the companies and even between projects. All com-
panies have some form of PDM system to keep track of their products and the related data.
CoB utilizes their PDM software also for project management and CoD uses its equivalent
system for volume product project management, whereas for customized products a basic
spreadsheet-based project map has been seen more effective. KONE and CoC have both a
completely separate system for project management purposes. The idea is to keep all project
related data available for everyone and provide an overview of a project. In CoC the system is
seen as cumbersome and difficult to use. Also the validity of the data in the system is ques-
tioned, as there is no certain knowledge about whose responsibility is to update the data in the
system. In KONE the system is also seen as additional work and it is mainly used to keep the
higher management informed about the project. Usually no one else than the project manager
and the stakeholders of the project use the system. In KONE the electrical machine R&D-
department utilizes a simple database structure to share information and data. CoA in the other
hand does not have a separate project management system and the information is shared tradi-

tionally by meetings and briefings.

CoC and KONE both use the term Design Review for meetings held during the project with
the aim of keeping the management in the loop with the development project. In these reviews
the current design and related calculation methods are presented and discussed openly. Design
review is an excellent example how the management should be involved with the development

projects in order to keep in the track of things, but it could be further improved.



99

5 NPD PROCESS IMPROVEMENT PROPOSAL

In this chapter, four proposals for initializing the transmission towards lean PD in KONE are
made. The proposals are derived on the base of current practices and the concepts of lean pull-

events, oobeya project management and knowledge based development.

5.1 Establish cadence through Pull-Events

Oosterwal (2010) encourages the use of Pull-Events in order to create steady flow of work in
development projects. These “mini-launches” provide visibility for the management and estab-
lish two-way communication between the designers and management. KONE already has the
concept of Design Review on the department level and Milestone Reviews that are conducted

on the K-milestones of the project. These provide a good starting point.

In order to make the reviews to act as pacemakers of the development projects following ac-

tions are proposed:

1. The timing of the reviews should be fixed already in the beginning of the project.
2. Involve the product level management and the project stakeholders.

3. Make the review as tangible as possible.

When the timing of the reviews is preset, the project needs to progress according to the set
timetable and the workflow is constant. The times for the Milestones are set in the beginning
of the project, but the review is held only after the project manager applies for it. If the project
is late the review is held later. If both Design and Milestone reviews would be conducted at
preset times whatever the status of the project, the project would need to adjust the pace of
work to the timing of the reviews. This being said, the timing of the reviews has to be evaluat-
ed carefully and it may require some adjustments during the implementation of this type of

fixed review schedule.



100

The involvement of product level management and stakeholders increases the weight of the
review for the project personnel and establishes a two-way communication between the actual
designers and project stakeholders. This way the stakeholders get a realistic image about the
progress the project is making without the project managers personal opinion affecting the in-
formation and they can also seek answers to the questions related to their field directly from

the designers who know the current design best.

To help the communication the review should be made as tangible as possible by involving as
many senses as possible. Simulation and test results are good and vital information but if a
prototype exists, why not include it into the review? A motor running at the rated load in back-
to-back test setup or a test run with an elevator including the new motor gives much more tan-
gible evidence about the recent proceedings than a 3D-presentation on the wall of the confer-
ence room. This is not to say that the 3D-presentation is not needed, but that the more tangible
the evidence the better.

5.2 See the bigger picture with oobeya

In order to address the lack of the large scale view in the projects, adoption of oobeya project
management is proposed. Oobeya may sound like a novel and unorganized way of managing a
project with its Post-1t notes, but it uniquely visualizes the current state of the project. The
board is also a good way of communicating the status of the project in the Design- and Mile-

stone reviews.

Electrical machine product development process may be linear if conducted in an ideal world
by ideal people, but in reality is that the process is far from linear. All the cross-dependencies
of the tasks and the information about the solutions provided for the problems are rarely doc-
umented so that the information is easily accessible for the designers and stakeholders. By us-
ing oobeya -board a constantly updating visual project journal is created. If some additional
information is needed related to some part of the project, one just needs to walk to the board,

look up the part in question. The problems and solutions along with the persons related to the
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decisions are listed on the board. In the best case the answer is already on the board and no

additional inquiries are required.

The use of oobeya —board would also ease the transition from the Blue process to the Red pro-
cess in the projects where different team or department than the product development team
conducts the preliminary study. In these cases the board is handed over to the organization
continuing the development. The board contains all information about the problems related to
the project along with the persons that have dealt with them in the preliminary study. This en-
ables the development team to get rapidly on the right tracks and continue the development
effectively. It has to be borne in mind that the board itself does not provide a shortcut for a
successful project transmission from one organization to another, but it is a helpful tool in the
process. It should be considered if a person already familiar with the project could be trans-
ferred along with it to the new organization. This further helps to ensure no information is lost
in the transition. In some departments this type of Project CDE practice already exists and it

could be an excellent addition to the use of oobeya in KONE.
To enable effective use of oobeya management the following points should be kept in mind:
Set a clear goal for the project

Conduct a thorough board initialization, or spew out, in the beginning of the project

Involve the whole team in scheduling and updating the board

A w0 np e

Get the management involved

The setting of the project goals is the most challenging task of compiling the oobeya —board.
A clear set of requirements is needed for the project, including the interfaces of the product.
The requirements can be classified for example to hard, negotiable and soft requirements. The
hard requirements affect project severely either from the design- or business point of view. If
for example the torque requirement changes dramatically during the project, a total redesign
may be required. Negotiable requirements can be altered with caution during the project, but
there might be some drawbacks when considering the other requirements. Soft requirements in

the other hand are in a way “nice-to-have”, they are not vital for the product but may come in
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handy later, or at least as an optional feature. MXCC has compiled a pre-project information
form for gathering the requirements for motor development projects in the past, but has been
forgotten during the years. This type of practice would need to be revived for gathering the

requirements to enable the use of oobeya management.

The necessity of a formal spew out in the beginning of the project is highlighted also by Oost-
erwal (2010). As the possible problems and stumbling blocks of the project are gathered right
away on the board the team can start to concentrate on the most pressing matters tight away. In
the process also the minor issues are recorded and documented visibly on the board and not

buried into project meeting memos.

By involving everyone in the team to update the board, the current status of the project is visi-
ble for everyone at all times and it will not become an excessive workload for anyone. Updat-
ing the status of the tasks related to one self takes mere minutes in the end of the workday. Al-
so the workload of the project manager is decreased as he/she does not need to gather the scat-
tered information about the current state of the project from the personnel, but instead just pick
the highlights from the oobeya -board. This way the decisions and changes made during the
project can be documented with relative ease.

The management should also be aware of the board’s existence and check it regularly. If the
board of a certain project starts to turn increasingly red, the management gets an early warning
about the problems of the project instead of hearing about them the first time in the next re-
view. Also a management specific board could be established for the projects to raise a limited

amount of subjects for the management weekly or monthly.

5.3 Encourage continuous organizational learning

As a more fundamental change in mindset, a shift towards knowledge based development is
proposed. Even though many actions in the development projects are done according to the

principles of knowledge based product development, the practices are not systematically ap-
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plied but rather used to solve individual problems. In order to reach lean PD, more compre-

hensive approach of knowledge based development should be adopted.

The key points in knowledge based development:
e If knowledge does not exist, create it
¢ Refine and archive measurement data in easily usable form

e Use set based development to gather knowledge and increase PD efficiency

Creating useful knowledge is the key to knowledge based development. If a new phenomenon
or technology is found, it is crucial to develop an understanding how it behaves, but even more
important is to process this knowledge in to such a form that it is useful for the organization.

The problem with current approach is that the knowledge gathered from testing cumulates ra-
ther poorly in the organization and it is difficult to transfer the knowledge to a person who was
not involved initially in the testing. The main focus is in personal development and not on the
organizational learning. Personal development is the driver that motivates people, but also the
organization should learn so that knowledge is not lost if a designer moves to another position

or even to another company.

Currently DEG provides a platform for knowledge transform and data trackers are used to
store the measurement data. As the amount of data increases these tools prove difficult to ad-
minister and use. There is a need for a more structured database to store both DEG related in-
formation and the measurement results. When the amount of data increases it is important to
have a database with predefined structure and a search feature. Also the ownership of the data
stored in the database should be managed so that the test results and design related documents
are owned by the organizations providing the information. If the knowledge is not easily

available it is useless and there is no point to gather more.

Set based development is a powerful tool to gather knowledge when the medium, on which the

knowledge is stored, exists. There is a “sweet spot” in product development when it is more
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practical to build a few prototypes instead of trying to model and simulate the product until its
perfect. At this point a set of prototypes with some variation in their design is made to verify
the calculation results. At the same time the behavior of the phenomena in question is learned
and documented, along with the fact that product development takes a step closer to the prod-

uct launch.

There are already several good examples of set based development in KONE. For example
stator variants are usually tested in sets, together with different magnet shapes to generate
more variants. The same motor frame can be used for all stators of the same machine and one
rotor is needed for each magnet shape. With one frame, three stators and two rotors, six differ-
ent motors can be tested. Similar approach is also used with brakes. This type of set testing
reduces the amount of re-design loops needed in the development project and the results can
be used to benchmark and improve the calculation methods in the design phase. This in turn

increases the trust on the calculation methods and fewer prototypes are needed.

In order to have a lean product development process, knowledge gathered from each prototype
and project should deepen the technological understanding of not only its designer, but also
the organization he/she is working for.

5.4 Refine the Red process

In addition to the preceding suggestions it should be evaluated if the current PD-matrix is the
optimum way of steering the component development actions. On the base of interviews and
discussions with KONE’s representatives the biggest challenges of the current approach re-

garding the component development can be summarized as;

e The milestone requirements arise from the product level. A delay in the product
development project may delay the development of a component that is not even
affected by the milestone requirements the project failed to fulfill.

o Stakeholders are not committed to the projects. The stakeholders have nothing to

gain if a project performs well, only to lose if it fails due to their responsibility ar-
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ea. They are thus not interested about the progress the project is making, but only
concentrate on demanding the project to fulfill the requirements of their own re-
sponsibility area. This may lead to a point that the project is delayed indefinitely
because a stakeholder fails to recognize that some uncertainty is always involved
with product development, or due to the stakeholders’ lack of interest in the pro-
ject.

e Component development may delay the product development project. Challenges in
the component development may lead to delays in the product development pro-
ject, as component development is done concurrently with the product develop-

ment.

The last notion was also pointed out by KONE’s Platform Manager (KONE PFM) in a process
improvement presentation in 2009. He presented an idea of separating the component devel-
opment to its own sub-process and milestone matrix under the Red process together with the

current product level PD-matrix as presented in Figure 5.1.

K1 K2 K3 K4 K5 K6
Spec  Project Production Piloting Release Full
Frozen Plan Proto Volume
K-2 K-1 Ko 1
Requirements Business Concept
Case Verified

4 r'y T

CONCEPT DEVELOPMFNT

OMPONENT PCM

A

y

co c1 Cc2 c3 C4 C5 cé
Require- Specification Functional  Component Component Production Volume
ments & Prototype Verified supplyln place Testing Production
Project Plan Production Verified
Prototypes
Figure 5.1. Improved Red process as presented by KONE Platform Manager in 2009 (KONE PFM)

A separate component development project would allow continuous development of the com-

ponents even if the product level would have challenges with something that does not involve
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that particular component. Similarly as the component development would be started in the
early phase of the concept development, the design would be already verified when the prod-
uct development would start. This approach would require early requirement- and interface

specification for the components.

To ensure that the stakeholders are invested in the projects, there would be need for a method
to get them more involved. The Pull-Events proposed earlier could act as such a method, or
alternatively the yearly bonuses of the stakeholders could be tied to the feedback they receive
from the projects they are involved with. This would move from the current “stick-only” ap-

proach towards more motivating “carrot and stick’ approach.

5.5 Implementation of the proposed changes

The proposed changes were chosen because they already have some sort of founding in KONE
and thus they are potential candidates to be the first small steps towards leaner product devel-
opment. The transmission to lean PD is something that does not happen overnight by imple-
menting new tools and processes, but over a long time period and by trial and error. Changes
proposed here should not be implemented instantaneously but gradually and only one at the
time. As said earlier, product development is the lifeline if a technology oriented company and

it should not be endangered by simultaneous big changes.

Reshaping the reviews and establishing oobeya at least on team level can be done with exist-
ing resources if sufficient effort is given to the tasks. Also the adoption of knowledge based
development can be initialized, but additional resources may be needed to establish a database
to gather the data.

During and after the implementation of the changes, the performance of the organization
should be carefully observed. The adoption of new tools and processes takes its time, accord-
ing to Oosterwal (2010) even years, but nonetheless the observations are needed in order to get

feedback on the changes. Every tool can be improved and these are only the initial proposi-
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tions as the first lean PD tools. Lean PD is achieved by constantly questioning and improving

the methods of working.
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6 CONCLUSIONS

6.1 Summary

The aim of the study was to objectively compare the electrical machine development process-
es of today by interviewing representatives of KONE and four other companies. On the base
of the interviews a general electrical machine product development process was derived. The
processes in all of the companies were rather similar and the derived process description could

in fact be used in any of the companies involved in the study.

The management isms and tools utilized by the companies in their electrical machine product
development include DFX, Concurrent Engineering, Lean and Six Sigma. Agile methods are
not used in the electrical machine development intentionally, but they are rather used in soft-

ware development.

It seems that lean product development is finding its way to Finnish electrical machine indus-
try, but the implementation is still in process and there are no results available either for, or
against, the paradigm. Abroad the paradigm has received a lot of attention due to its success
stories, but it has to be borne in mind that the misfired attempts of implementing it rarely get
published. Regardless of the polarized publicity, there is a good chance that if lean PD is exe-

cuted successfully it will provide a competitive edge for the Finnish electrical machine indus-

try.

Three proposals for improving KONE’s PD process were compiled on the base of theoretical
research and the practices of the interviewed companies. The proposals included transmission
from traditional Design Reviews towards lean Pull-Events that should prove to be more tangi-
ble for the management and the stakeholders of the project. This in turn should improve the
fluency of the PD projects at the Milestones as the stakeholders are more closely involved
with the projects. Adoption of oobeya -management is proposed for creating bidirectional
transparency between the product level and the component projects as well as between the de-

signers, management and the stakeholders. Knowledge based product development is pro-
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posed to address the currently limited organizational learning. Finally a suggestion is made to
separate the component development from the current CE matrix to its own sub process to al-

low more fluent component development.

Due to the limited time of the study, practical implementation and collecting the results of the
changes was left for KONE’s process development organization and the R&D department it-
self. Hopefully the proposals made in this study lay the foundation for KONE’s lean PD or at
least give some kind of template on which to build on. Development of the PD process should
be a never ending task and every tool needs to be proofed in actual organizational environment
before its functionality can be evaluated.

In the future the implementation of these proposals will require some organizational effort and
development of some new tools might be required. For example a database for storing the data
according to the principles of knowledge based product development is needed and the viabil-

ity of KONE’s current product data management software for this task should be evaluated.
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