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Cranfield University
Abstract

THE CONCEPT OF RIGHT FIRST
TIME (RFT) DESIGN

by Mr Andrew Palmer

Supetvisor: Professor Steven Evans

Customer demands and intense competition have resulted in the need for shorter
development lead times. The problems with shorter lead times have been well
documented. Mistakes are costly and the need for a sustainable and efficient new
product development process has become paramount to a successful product.

Vehicle Manufacturers (VM’s) have had their choice of a variety of tools and
philosophies to assist in reducing lead times. Amongst others, the use of Quality
Functional Deployment (QFD), CAD/CAE, cross-functional teams and
simultaneous engineering have each been mooted as being the panacea for
efficient design and development.

The author argues the need for a Right First Time (RFT) design policy and states
that this can be delivered through the “Hoshin Kanri” method of policy
deployment. The resultant strategies are achieved through the tactical use of the
most appropriate tools, integrated into the new development process.

Performance is measured against agreed target in a Case Company (Nissan) and
the strategy is tested for Strengths and Weaknesses.  The result is achievement
of an 80% reduction in Design Change compared with previous programs. The
approach is explained in the Thesis, as are the Quantitative and Qualitative
results, which are finally analysed using an adapted T-Matrix.

In conclusion, the author uses the experience to draw 14 Rules for undertaking
Right First Time Design and “proves” them in two alternative companies to
ensure that the principles are robust.
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CHAPTER1

An Introduction to a Right First Time Approach to Passenger Car

Development

The author introduces the concept of Right First Time Design (referred to throughout the project as
RET Design) in the context of Passenger Vebicle development and against its bistory.  The
explanations aim to explain to the reader why faster Product Development 1ead-Times are desirable
and why REFT Design might help.  In this context, the Author sets out the Research Objectives and
the way in which the Thesis will be structured in-order to deliver these objectives.
1.1 Context
Passenger car design is a mature process. It has changed very little in principle, since the early
days of Henry Ford, Alfred Sloan, etc, where the iterative principles of "Design", "Build",
"Test", "Refine", were utilised.

As the Millennium begins, the automotive industry faces significant difficulties, which impact
upon the design processes of cars. Severe competition caused by over-capacity (circa 20%),
linked with increasing regulatory and environmental pressures are all catalysts to change.
Vehicle Manufacturers (VM's) have responded by making their vehicles more attractive
through increased body types, specification improvements, utilisation of enabling
technologies such as electronics and price-down actions. Inevitably, these actions have
consequential effects on the "bottom-line" performance of all Vehicle Manufacturers (See

Figure 1.1 below).
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Figure 1.1- 2001 Earnings Before Tax & Interest, As % of Revenue [Ref: 1.1]
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For the Design Engineer, these external pressures force a paradigm shift in the way cars are
developed. This challenges the typical ‘fifty-month' development lead-times and forces a
skills shift from 'Scientist' to '‘Business Engineer'. Most corporations have responded to cost-
down pressures by increasing their economies of scale. At a macro level, Mergers and
Acquisitions have resulted, (although not always successfully in terms of profitability) allowing
individual marques to commonise 'platforms' with other marques and share parts from their
'cotporate parts bins' e.g. VW Golf IV shatres its platform and many parts with Audi A3, Seat
Toledo, Skoda Octavia, VW Beetle, VW Bora & Audi TT. This strategy allows Platforms and
Parts to enjoy the economics of huge volumes whilst (arguably) allowing each marque to have
its own visual personality. As a result, volume manufacturers are able to appeal to niches and
satisfy/create new fashions e.g. Renault Scenic small MPV, Ford Ka [Ref 1.2, Cothier,G.
INSEAD 1999].

Marketeers in most Vehicle Manufacturets, unable to fully predict competitor 'push' and
consumer 'pull' trends [Ref 1.4, Weinstein,D. INSEAD 2004 ], demand ever-shorter vehicle

development lead-times, whilst the corporation requires lower development costs.

Engineers have responded with a plethora of initiatives ranging from team based

simultaneous engineeting organisations to the utilisation of CAD/CAE (Computer Aided
Design, Computer Aided Engineering) technologies. Whilst most Vehicle Manufacturers
have embraced these tactics, few have reconsidered the total overview and challenged the

"Design", "Build", "Test", iterative paradigm on a strategic level.

This project proposes a strategic approach to improving the new vehicle developme‘nt
process, utilising new and existing technologies and processes in a structured manner, to
achieve sustainable shortened development schedules. This strategic approach is called Right
First Time Design (RFT) and utilises TQM (Total Quality Management) as its guiding
principle to reduce development expenses by 40%. The first two Research Objective were
therefore set as follows:-

1) To Test the hypothesis that a Policy of Right First Time Design will increase

Product Development Efficiency.

1) That this could lead to a 40% reduction in development expense, combined with a

30% reduction in development lead-time (and incidentally a 30% reduction in

manufactured cost)
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Through a policy of RFT Design, defined as "Zero design changes after the initial production
release", (but later re-defined as an 80% reduction in design change), strategies and tactics are
deployed in a novel Hoshin Kanri approach. Each tactic is evolved from a strategy, which in
turn is connected to the basic RFT policy. Therefore the third Research Objective is defined

as:i-

1ii) That Front Loading development can result in an 80% reduction in design change
and that the tactics to allow this to be achieved can be derived through Historical

Analysis of previous projects and deployed through a modified Hoshin Kanri

All are measurable against the "number of design changes avoided" unit of currency and thus

a calculated reduction in development cost. This defines the fourth Research Objective as:-
1v) To establish the cost of design change

The approach is tested through implementation in a real vehicle programme and comparison
to two recent similar programmes. The value of each unit is determined by a detailed analysis
of design change causal factors on a number of previous programs in both Japan and
predominantly Europe. The theories are tested on a new vehicle development program (HS-
Almera — See Appendix 3) at Nissan's European Technology Centre, Cranfield, UK.
Thetrefore, the fifth Research is defined as:-

v) To validate the authors hypothesis through a real project, using Action Learning
Research principles and actually measure the results in a Qualitative and Quéntitative

mannetr

The deployed strategies/tactics and their subsequent strengths/weaknesses are discussed and
analysed at milestones throughout the process and ultimately against a target of 80%
reduction in post production release design change at the end of the program. A novel
application of the [Ref 1.3 Prof. Kano Notiaku, University of Tokyo, 1998] "T" Matrix is then
utilised to derive areas of improvement. These include efficient dissemination of the
'customers voice' into the engineering target setting process and the application of leading

edge CAE technologies such as CAPE, Virtual Reality, etc.
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In conclusion, the successful generic building blocks to a RFT approach to Vehicle Product
Development are defined in a 14 step process, which is “tested” at a macro level in two
alternative companies in different sectors of Engineering. This therefore defines the last

Research Objective as:-

vi) To establish rules for the dissemination of RFT Design Principles and “Test” them

in alternative industries.

Thus in summary the 6 Research Objectives are as follows:-

1.2 Research Objectives

1) To Test the hypothesis that a Policy of Right First Time Design will increase Product

Development Efficiency.

2) That this could lead to a 40% reduction in development expense, combined with a 30%

reduction in development lead-time (and incidentally a 30% reduction in manufactured cost).

3) That Front Loading development can result in an 80% reduction in design change and that
the tactics to allow this to be achieved can be detived through Historical Analysis of previous
projects and deployed through a modified Hoshin Kanri.

4) To establish the cost of design change.

5) To validate the authors hypothesis through a real project, using Action Learning Research

principles and actually measure the results in a Qualitative and Quantitative manner.

6) To establish rules for the dissemination of RFT Design Principles and “Test” them in

alternative industtries.
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1.3 Thesis Structute

These Objectives are delivered and described in each of the following Chapter and are

summarised below:-

1. An Introduction to a Right First Time Approach to Passenger Car Development
and Determination of Research Objectives

The author introduces the concept of Right First Time Design (Refetred to throughout the
project as RFT Design) in the context of Passenger Vehicle development and against its
history. The explanations aim to explain to the reader why faster Product Development
Lead-Times are desirable and why RFT Design might help. In this context, the Author sets
out the Research Objectives and the way in which the Thesis will be structured in-order to

deliver these objectives.

2. Literature Review: The Competitive Need for Speed
From the outset, it is necessary to understand the standing literature with respect to Product

Engineering lead-time reduction and the tactics that might or have been reviewed in the past.

Much literature exists and one can easily find agreement to the principle that doing the
engineering design “right first time” is a good thing. However, little literature exists

explaining how to make engineering designs “Right First Time”.

The available literature is reviewed and discussed and was pivotal to setting the direction for
the project and evaluating risks in areas of novelty. The literature review is also pulled up to
date, thus putting into context lead-times in 1996 (teference for this Thesis) and those of
2002.

3. The Research Methodology
The research methodology used in this Thesis is principally “Action Based”. Chapter 3

describes why this is relevant in this case and the theory and research which validates its use.
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4. The concept of right first time (RFT Design)

The intention of this chapter is to discuss the concept of Right First Time Design &
Development against a background of historical & contemporary references. From that
discussion and a business requirement to reduce R&D expenditure on any given vehicle
development program, a definition is asserted, arguing that a reduction in Design change, by
80% post production Design release, will result in a 40% reduction in development cost

within the Case Company.

5. A Novel Application Of Hoshin Kanri Combining Historical Analysis of Design
Change Causal Factors and Associated Costs.

A Japanese technique for “Policy Deployment” is adapted to be applicable as the key
tools of the “Change Agent”. The use of this tool, combined with the 11 step maturation
process derived by the Nissan “Total Quality Story”, seeks to remove tactical
development risks, mitigating “the leap of faith” often seen as a barrier to up-front
mvestment in the development process. This chapter explains the Hoshin Kanri, its

strategy, its tactics and the expected outcome of deployment.

The Hoshin Kanri defines the means of deployment of strategies & tactics to achieve
the aims of Chapter 5. Later on, the Chapter provides the historical data by which
forecasts are made within the Hoshin Kanri. This Chapter defines the source of
factual data and ultimately the expected output / success (failure) of the tactics
deployed through the Hoshin Kanri.

There is cleatly a cost associated with changing a Design. The direct cost of obvious
— the “Cash-out” of the company to pay the supplier or toolmaker to undertake the
necessary modification. However, there is also an indirect cost within the company.
The cost of employees spending time designing, introducing and adapting the change.
The cost of one design change within Nissan is defined as [Ref 8.1 Financial Times
World Automotive Manufacturing 1999] £ 13,000. Costs in other companies vary, but
the principle remains the same. The latter part of this chapter explains how the figure
of £ 13,000 was calculated and why it is important in the implementation of a RFT

Design.
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6. The Results at the Start of Production

The Initiative to reduce Design Change by 80% was wrapped up in a Program called FASTD.
FASTD became the central focus of NTCE for a period 1996 to 1999 and figured highly in
the annual corporate objectives. It represented the focal point for winning the D+D

contract for the HS vehicle and seeing the commitments achieved.

Almost all Technical Staffs of NTCE where involved in some way, either through tactical
development or in the post analysis and countermeasure phase of the project. All those staff

directly involved where awarded with a FastD “badge of Honour”.

FASTD (an acronym for Fast Development and “Find Away to STreamline Development”)
was also designed as 2 Knowledge Management initiative. From Figure 5.6, one can see a
list of Designer Guides. These represent the capture of the processes developed through
the Hoshin Kanri and validated through this project. They are indexed to the Generic
Master Schedule of a 31 Month vehicle development schedule. They represent the core
knowledge of Nissan in achieving a 31 Month vehicle development with less than 200 design

changes. This information is highly sensitive and can only be referred to in this thesis.

The Designer Guides were contained in an Engineers Handbook — the concept was one of a
Filafax, containing the Engineers Diary. The thinking being that Engineers will use their
Diary daily, but a Central Procedures Manual would simply “gather dust”.

In 2003, the Engineers Handbook has been succeeded by an Intranet based Knowledge
Management System, but nevertheless, linked to the Engineers Microsoft Scheduler and other

Corporate Standards.

The Design Guides are still published, because the activities planned through this research
were successful and achieved their aims, both in terms of an 80% reduction in Design
Change, but also in terms of a 40% reduction in Development budget. As can be seen in
the following Chapter, some of the Secondary measures did not achieve their tatgets, but
were compensated by over-achievements in other areas. This chapter explains and

elaborates on the practical results from the implementation of RFT Design.
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7. Qualitative Findings

The research until now has relied heavily in analytical analysis, using statistics from previous
history and quantitative records from the project. From the quantitative point of view, the
targets where achieved, but it is also interesting to look from the qualitative perspective to
discover how the people performing the project view the successes and to see whether the

quantitative data is truly a reflection of success.

This analysis has been undertaken by a review with the Managers in the organisation and
using a technique adapted by the author from Kano’s T Matrix. In this instance, the author
asked the Managers what they perceived as issues through the HS project and to analyse their
issues on the T Matrix.  Because the author had heavily influenced the direction of the
project, a consultant (Mr John Austin) was used (under the management of the author) to
conduct the interviews and whiteboard analysis — patts of his report are re-printed here with

his kind permission.

Transcripts of extracts from the Interviews are contained in the Appendix 5. To the
author’s best knowledge, the use of the adapted T Matrix for post project analysis is quite
unique, but it is certainly useful in communicating results and has now been used to

disseminate the project outcomes in several public forums to validate novelty.

8. Conclusions from the Research in the Case Company and Applicability to Other
Companies

The purpose of this Chapter is to consider the Quantitative and Qualitative results from the
Case Project with a particular emphasis of areas for improvement by critical analysis. The
author will then put forward 14 Rules for Right First Time Design and Development, which
could arguably be applied to any Product Development project.

In support of this hypothesis, the 14 Rules will be tested in two alternative organisations and

significant engineering reputation, outside of the Automotive Industry.

The first company (ABC Co Ltd), is a global developer of Electro-Mechanical devices,
deployed on the high streets around the wotld and required by their nature to be highly
reliable and durable.
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The second company (XYZ Co Ltd), is a famous Engineering company employed in the
development and manufacture of aero-engines. By their nature, these aero-engine

components, must be highly reliable and durable, but also competitive.

9. Overall Conclusions

This is the concluding Chapter of this Thesis and aims to sum up the overall context of the
research and its achievements. The author also aims to provide an insight  into the up to
date situation in design change reduction. The Chapter ends with the prediction that Right
First Time practitioners will eventually reduce vehicle development lead-times down from the
HS case of 31 Months to (an un-believable) 6 Months. Time reduction and the management

of its implementation can become a huge competitive advantage for those that can do it.
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Literature Review:

The Competitive Need for Speed

From the outset, it is necessary to understand the standing literature with respect to Product

Engineering lead-time reduction and the tactics that might or have been reviewed in the past.

Mouch literature excists and one can easily find agreement to the principle that doing the
engineering design “right first time” is a good thing. However, little literature exists

explaining how to make engineering designs “Right First Time’.
The available literature is reviewed and discussed and was pivotal to setting the direction for the

project and evaluating risks in areas of novelty.  The literature review is also pulled up to date,

thus putting into context lead-times in 1996 (reference for this Thesis) and those of 2002.

10
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2.0 Introduction

The purpose of this literature review is to generate a study of previously published work
and to provide a frame of reference for the analysis of Right First Time. By way of an
introduction, the first section outlines the competitive environment of the motor
industry. It presents a setting in which the later analysis of strategic change and time-

based competition can be put into context.

2.1 The Motor Industry

The Automobile industry. . .the industry of industries.’
[Ref 2.1 Peter Drucker, 1989]

Since Ford’s introduction of the assembly line, car making has become one of the world’s
most important businesses. It employs upwards of 20 million people [Ref 2.2 Dicken

1998] and exerts a strong influence on the operations of other industries.

‘The auto industry is even more important to us than it appears.
Twice in this century it has changed our most fundamental ideas of
how we make things. And how we make things dictates not only how
we work but what we buy, how we think, and the way we live’
[Ref 2.3 Womack et al, 1990].

Car making is a truly global business with only 10 companies accounting for over 70% of
the world’s production. Their operations are spread far and wide with production

facilities in over 30 countries [Ref 2.2 Dicken 1998].

Despite the industry’s importance, the late 1990’s have been a troubled period for the
wotld’s auto-makers. Hyper-competition has led to an over capacity in excess of 20%
(See Figure 3.1), with forecasted sales sliding 11% between 2000 and 2002 [Ref 2.4
Economist, 2001].

11
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Figure 2.1 - Motor Industry Sales and Capacity (Source: Economist, 2001)

This increasingly competitive market place led the 1999 Financial Times Auto Survey [Ref
2.5, FT Auto Survey, 1999] to propose that in order to assure survival, car producers
must fundamentally rethink their strategies for design, manufacture and marketing. This
not only precipitated a series of mergers and acquisitions (including Renault-Nissan and

Daimler-Chrysler), but also changes in the methods of new product development.

‘Companies must be looking at new strategies and acquisitions — that
will drive out costs and keep pace with the price cuts’
[Ref 2.6 Blair-Smith in Financial Times 1999].

It was in this economic environment that NTCE (Nissan Technical Centre Europe) was

seeking to reduce its development costs with its Right First Time (RFT) philosophy.

12
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2.2 Organisational Strategic Change

‘What is impossible to do today, but if it could be done, would fundamentally change
the organisation for the better?’

[Ref 2.7 Gavin Staude, 2001].

To achieve sustainable profitable growth, it is imperative that organisations compete for
the future. Hamel and Prahalad [Ref 2.8 Hamel & Prahalad 1994] implored managers to
be forward looking, to look beyond current products and processes to determine ways of
successfully competing for the future. Vandermwe [Ref 2.9 Vandermuwe 1995]
considered how organisations are affected in times of difficulty and how they initiate a
strategic change like RFT. She proposed a transformation model that presents a dynamic

picture of strategic change (See Fig 2.2).

Performance

Point 1

Point 3

Time
Figure 2.2 — Sigmoid Curve with Transformation Points (Vandermwe 1995)

13
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Vandermwe argued that organisational transformation should begin at point 1 to avoid a
petformance penalty. But she noted that it was not until point 2, where performance had
levelled off, or point 3 where decline had started, that change became easy. This is
arguably the condition that most of the auto industry found themselves in duting the late
1990s. To promote change and reduce the penalty of lost performance she argues for
agitation or strategic discomfort, education to decide how to change and insegration to embed
a day-to-day behaviour change. This is echoed by Thompson [Ref 2.10 Thompson 1997]

who argues for reative tension’ to promote adaptive strategic change.

A vital part of the transformation process is to understand how and what to change for
assured long-term profitable growth. The obsession of the 1980s and 90s were Porter’s
theories [Ref 2.11 Porter, Michael E, 1985] of competitive advantage, where companies
tried to beat their rivals by benchmarking, differentiating and reducing costs. The car
industry was a victim of this competitive trap, creating a converging seties of products

through incremental cost and quality improvements.

Hamel & Prahalad (1994) described management strategies as either denominator or
numerator management depending on their influence on the return on investment (ROT)
calculation. Denominator infers down sizing or efficiency improvements and parallels

the activities of the 1990s motor industry.

‘Under intense pressure for a quick ROI improvement, executives reach for
the lever that will bring the fastest, surest result: the denominator.’
(Hamel & Prahalad 1994)

They describe the negative effects of denominator management and call for numerator
management through growth and wealth creation strategies. Hamel later expands his

description of numerator as:

‘Strategy innovation...the capacity to re-conceive the existing industry
model in ways that create new value for customers, wrong foot competitors

and produce new wealth for stakeholders.’ [Ref 2.12 Hamel 1998]

14
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In reality, what the effective company needs to do is combine the efficiencies of
denominator management whilst using numerator management as a means of creating

new markets and generating new revenue streams [Ref 2.7 Staude 2001].

2.3 Time-based Competition

Reducing the time to matrket or zme-based competition is currently in vogue as such a
strategic solution to this competitive problem. Time is often equated to money. So
through lead-time reduction strategies, organisations can reduce costs through a more
efficient use of resources denominator management. Simultaneously the company can

build competencies in getting its products to market faster: numerator management.

Time-based competition has been desctibed as the fourth wave of competitive marketing’ [Ref

2.7 Staude 2001] or the ‘evolving competitive paradigm’ [Ref 2.13 Beholav 1996].

First Wave: Cost Ford

Second Wave:  Differentiation GM

Third Wave: Quality Toyota
Fourth Wave: Time/Speed Nissan -RFT

(Source: Staude 2001)

Research by Richard Bremner [Ref 2.14 Automotive Wotld March 2000] highlights the
drive in the industry for reduced development lead times. The analysis of lead times is

not always reliable (due to differing definitions company to company)

Against The Clock

In 2000, Honda president and chief executive officer Hiroyuki Yoshino [Ref 2.15,
Hiroyuki Yoshino Honda, 2000- Press Announcement] announced that his company was
aiming to reduce the lead-time for new vehicle development to just 12 months. Yoshino
considers this essential to Honda’s survival, believing that the company must “create
products that offer new value to our customer, while also responding to the needs of
society”, and that “the company (must) be flexible enough to respond rapidly to changes

in the market place”. In other words, Honda will adapt itself to offer a greater variety of

15
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products, more swiftly. It wants to lead the “development time speed race”, says
Yoshino. Which is pretty much a strategy that other companies have adopted. The
difference is that Honda has travelled further down this road than some, and that no
other maker had (at the time of Yoshino’s publication) publicly stated the intention of
aiming for a lead-time so shott. That said, it has already been beaten to the 12 month car
by Toyota, whose domestic market Will Vi model, based on the Yaris/Vitz platform, was

developed for sale in just a year, going on sale in Japan in 2001.

Few, however, are confident enough to announce such aims at all, and Honda is less
open when it comes to defining what it means by lead-time, and what it means by a new
model, viewing this as commercially sensitive information. It says that the starting point
varies from one model to the next. But it will reveal that its current lead times vary from
15 months to 30 months, the start being defined as the production of the initial design
concept. For many manufacturers, the lead-time begins with styling freeze; for others,
such as Ford, it starts well before this, at the point when the need for a vehicle of a

particular concept is identified and defined.

All of this makes it harder to see who leads Yoshino’s development time speed race.
Indeed, General Motors is unwilling to talk at all about the subject. Its giant rival and
occasional collaboratot, Toyota, is willing to say more, defining the lead time as spanning
design freeze to the start of production, and reckons on typically needing 18 months (in
2000) to get there, the time requited to launch the Yaris supermini built on an all-new

platform.

Like every other manufacturer, Toyota has been working hard to get to this point. Using
the Kaizen principle of continuous improvement, it has chipped away at development
times, which used to stand at 28.5 months in 1996 (a reference point for this Thesis).

But with the launch of the Ipsum MPV (Picnic, in Europe) in May 1996, it pared the
period back to just 15 months (for an Upper-body adaptation). On average, Toyota in
2000 needs 18 months to create 2 new model, with a three month leeway either side.

The WilL, however, has decisively bettered that record. Building it on the same
platform helped, as did sharing parts with Daihatsu.

Shortening lead times is a trend that has gathered momentum over the past few years,

dtiven by the needs of an increasingly fickle, hard-to-please market, and the ceaseless

16
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pressure on manufacturers to reduce costs. Here, revolution has come relatively late to
Honda — though it has never been slow to develop new products — with the sixth and
current generation Civic marking a shift towards the carry-over of a higher number of
parts. The same policy had been applied to the Legend and Prelude, while increased
platform and powertrain sharing has contributed as well. So has the simplification of
design to employ fewer parts. This has allowed it to bring models such as the CR-V and
HR-V SUV’s both of which were derived from existing platforms, to market faster. It is
not just parts and platform sharing that allows models to appear more quickly. Ford has
introduced what it labels FPDS, or the Ford Product Development System, which
explains Dave Router [Ref 2.16, Dave Router, 2000 — Press Announcement] who is a
product development and strategy spokesman for the company, is a set of principles now
used by Ford, Mazda, Jaguar and Aston Matrtin. It will eventually be used at Volvo as
well. It has taken several years to implement and has come into effect over the past 3
years. Its development has been prompted by the increasingly consumer driven demand
for new products and Ford’s desire to operate under the same set of technical and
engineering guidelines across its huge empire, making it easier to share research and

development, platforms and components.

Under FPDS, explains Router, 2 new product must pass through a series of gateways,
whose timings are set at the same point regardless of the brand or the model. This
enables the company to know immediately what the critical path timings will be. The
timings are different depending on whether the model is to be built on an existing or a
new platform, or whether the task is a product freshening. An all-new model such as the
Focus takes around 40 months to develop, while a freshening exercise involving sheet

metal changes and engine calibration needs 30 months.

These periods may seem long, but unlike other manufacturers, Ford does not define the
start point of this exercise as the styling freeze. “There are several milestones between
Strategic Intent and the start of design”, says Router, “including the resource allocation
process, base engineering, financial investigations and the definition of the package size”.
This follows the initial segment and strategic marketing studies. The styling process
starts 10 to 12 months after the initial research period begins, and can take between 2
and 6 months, depending on whether feedback market research leads to a redesign or
not. This period is usually longest in the case of an all new-product. From that point, it

takes between 24 and 36 months to develop a new car, regardless of whether it is a
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facelift, a new variant on an existing platform or an all new model, says Router. A new

truck takes slightly longer owing to the greater body vatiations involved.

The FPDS process is also getting quicker, says Router, the object being to respond more
quickly to the needs of the market. The shortening comes in “baby steps” he says.
“Fach time we go through the process we learn something — such as how to cut supplier
lead times — and then we share this best practice actoss all the brands”. Part of the aim
of speeding up the development process is to delay the point at which the styling is
frozen, improving the chances of accurately fitting the target market, and increasing the
potential longevity of the new variant. FPDS also lessens the damage of being surprised
by a model like the Renault Scenic, whose emetgence and success caught out many rivals.
Faced with this circumstance again, Router reckons Ford could now respond in two to

three years.

Besides the rigour of predefined gateways, Ford has also reduced its development lead
times through the increased use of computer modelling, which has allowed it to take an
entire prototype build phase out of the process. “We use the pilot vehicles to do the
durability testing, rather than building costly prototypes by hand earlier in the process.

We may also be able to take out motre build phases in the future.

FPDS allows more options for responding to the market and it makes that response
swifter, by utilising the global resources of all the brands, which is made possible by the
compatible development systems. The accruing cost-savings can be spent on more
programmes, or on increasing the competence of the product and its feature content.
FPDS is also designed to meet Ford’s aim of producing a portfolio of products that need
no additional marketing support through their lives. “Then you know you’ve responded

well to the market”, says Router.

Anthony Sheriff, Fiat Auto’s director of product development [Ref 2.17, Anthony Sheriff
2000 — Press Announcement], cites the need for fewer people as one benefit of shorter
lead times, along with the advantage of being more responsive to market requirements.
But for Fiat, he says, the main advantage is the facility for late decision-making, allowing
the product to be as fresh as possible when it appears. “The trick is to lock in things that

have less impact on the customer eatly on”, he says, “and push back the decision about
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as many features as possible. You might have frozen the styling, but content decisions

can be made later on”.

The entire process is pretty quick at Fiat. The new Punto was created in under 18
months, from the point when the design was frozen to the creation of a launch stock of
around 18,000 vehicles. Looked at another way, the Punto took 38 months to emerge

from the point of the first ideas to the amassing of the launch stock.

The new Punto was built on a modified catry-over platform, but Sheriff claims that the
time to market for a2 model built on a new platform is pretty similar. The pre-platform
development process is done beforehand, to ensure that it is compatible with existing
products. The gestation time for a new platform is, however, “pretty foggy”, he says.
“We’re thinking about ideas for the replacement platform three to four years before the

start of the development of the first car off the new platform”.

As to the development of a new model itself, Sheriff sees three processes: styling, making
dies and testing. The styling phase takes about a year, once the dimensions have been
chosen and a proposal approved. The design freeze of the body is gradual, so that die
manufacture can begin as eatly as possible, whilst leaving some flexibility to alter the style
of panels that have an impact on the customer. The extent of the testing process will

depend on the amount of carry-over components.

Sheriff says that Fiat “is not actively trying to reduce development times”. Nevertheless,
the company’s new space-frame technology yields a shortening of lead times, because it is
very flexible, allowing the use of a percentage of common parts that reduces the extent
of testing required. It has also achieved reductions through virtual component testing,

the elimination of testing phases and by doing more wotk in parallel.

Sheriff also believes that “acting as if you were an entrepreneur without money helps
during the decision-making process. You need to be rigid about the decisions you make,
and don’t go back and change things”. Fiat treats Power-trains and major components
as platforms too — if the development of these is already done bar the application to a
model, “it saves a lot of time. Ideally, you wouldn’t do anything new — in reality, around

10 per cent of the car should be things you haven’t done before.
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Like Fiat, Ford, Toyota and Honda, all the major manufacturers are able to claim
reductions in development lead times over the past few years, and most of them cite
pretty similar reasons for being able to achieve them. Platform and component sharing
brings time savings, as does computer simulation, a process that in many cases allows the
removal of at least one prototyping phase. Simultaneous engineering is another, as is
involving suppliers earlier in the research and development process. And they are all

particularly interested in being able to respond to the market faster.

But the auto markets are not identical in their citcumstances or their opinion on the
issue. For the Volkswagen group, the creative period of a vehicle’s development is not
fixed, but from styling freeze to job one takes four years on a new platform and two
years on an existing base. This is a major step ahead from a decade ago, when an all-new

model could take seven to ten years. But it has no plans to shorten this further.

Like Volkswagen, BMW (2000) has dramatically reduced its development times, from
seven years to three for an all-new model, from the point of design and technical freeze.
The actual time depends, however, on the complexity of the car in question, while niche
models spun off existing platforms take significantly less time. The cutrent 3 seties was
developed in 36 months, and required only two phases of prototyping rather than the

previous three, thanks to simulation.

General Motors (2000) is unwilling to reveal much about its progress with development
lead times, but it will say that it has cut its lead times by 50 per cent over the past three to
four years, with the result that it can move a project from design freeze to production in

24 months.

At PSA (2001), the current lead-time is 156 weeks, or three years, for a vehicle developed
on a new platform. The company is cagey about the point from which those 156 weeks
begins, though broadly it is styling freeze. It cannot indicate the period for a model
developed on an existing platform because, within three years, 75 per cent of the group’s
products will have been developed from new, and presumably more adaptable,
platforms. The company is continuously reducing the lead-time — two years ago it was
196 weeks, and by this year it will have reduced it to 104 weeks, or two years. It
considers the benefits to be “a significant reduction in development costs, offering the

possibility of better price positioning”, as well as the usual improved reaction times and
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likelihood of satisfying consumer needs. The reduction in lead times has come about
through the methods mentioned above, but PSA also credits the fact that each project

manager leads his activities as an independent profit centre.

Mercedes (2000) plans to learn from its new partner, Chrysler, already quite a nimble
player, though the German arm of Daimler Chrysler is not so slow itself, needing 32 and
36 months to develop an all-new model from design approval to launch, and as little as
12 months if the model is based on an existing platform. The company has pared six to
eight months off development times in the past three years, mainly through computer

simulation, and plans to use electronics to achieve more reductions.

At Renault (2002), the aim is to reduce the lead time from 39 months from design freeze
to the start of series production (that was for the Megane) to 32 to 33 months for a
major model with multiple versions, a figure it intends to reduce further. The overall
development time for the Megane, from finalisation of the brief to series production, was
52 months. It can develop a new derivative, like the Scenic RX4 in 24 months, which

does not compare well with some of its Japanese rivals.

Partners Nissan (2002) do rather better, needing 24 months from styling freeze for a new
model developed in Europe, and 21 months for a Japanese model. The difference
between Japan and Europe comes about because thete is no need to ship the tooling for
the domestic product. Nissan’s record is the new Tino MPV, based on the Almera
platform, which was turned out in 15 months. The lead time has fallen dramatically in
the past few yeats as well — the current Primera needed 41 months, the new Almera 31
months, while the next generation Micra, sharing its platform with the Renault Clio, will

be produced in 24 months. This may allow Renault to raise its game as well.

But it looks like Toyota is the curtent leader of the development time speed race. It is
unlikely to have been bettered by GM, which, as we say, did not want to talk, or Daimler
Chrysler, which also maintained silence. Toyota intends to continue to shorten the
current 18 month period through the kaizen process, though without compromising
quality, it says. For Honda’s Yoshino to win the race, his company must not only hit his
target, but also better it. How? Predictably, Honda is not saying, though part of the time

saving will stem from its recently publicised plans to consolidate its engine and platform
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lines. Do not be surprised, however, if Honda’s legendary engineering skills are brought

to bear on the issue. They will need to be, if it is to win this race.

As a strategic weapon, lime is the equivalent of money, productivity, quality, even innovation.’

[Ref 2.18, George Stalk Jr, 1990]

This section of the review focuses on the relevance of time, with particular reference to
the speed of new product development. Time-based competition is defined as the ability
to deliver products or services faster than other competitors [Ref 2.19, Tersine &
Hummingbird, 1995]. Its strategic implications were first explored in depth by Stalk and
Hout, [Ref 2.20, Stalk & Hout, 1990, Competing against time] in the late 1980s/ eatly
1990’s as a response to the competitive pressures from Japanese companies. They
examined the performance of industry champions such as Toyota and realised that their
ability to minimise cycle times throughout their operations gave them competitive
advantage. It not only gave them superiority in efficiency, but also in their ability to
reach the market quickly. They noted that fast-cycle’ companies were constantly alert to
opportunities to compress time by eliminating stages or combining activities. They
believed that combining this time advantage with customer value created a new recipe for

corporate success.

Blackburn [Ref 2.21, Blackburn JD, 1991, Time-based Competition] concentrated on the
process based approaches to time-based competition. He proposed that white-collar
activities could be managed with the same Total Quality Management (TQM) approach
that had proved so successful in the production environment. He argued that thevTQM
Pillars of reducing waste, providing simplicity and observing the principle of continuous

improvement would give the opportunity for a time-based competitive advantage.

Robertson [Ref 2.22, Robertson T.S. 1993] atgued that reducing product development
lead-time was only half of the time-based picture, stating that a key issue was penetrating
the market quickly. Market penetration cycle time was defined by Robertson as the
amount of time it takes to reach the maximum sales potential for a new product. In
effect he was saying that any advantage a company has in product development could be
nullified if they are unable to get it into the market before their competitors. This means

that a reduction in product development lead-time requites a corresponding marketing
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strategy shift to penetrate markets quickly. He outlines the following five guidelines for

reducing market penetration lead-times:

e Reach the market first.

e Preannounce the new product before market availability.

e Innovate constantly.

e Occupy the market — multiple brands, positioning, segments and alliances.

e Track penetration by customer decision stage.

2.3.1 The Benefits of Time-based Competition

To complement Stalk and Hout’s original work, a number of authors have sought to
define and analyse the benefits of time-based competition. The central theme to these
analyses is the use of time-based competitive strategies to create comparative advantage
over rivals. Tersine & Hummingbird [Ref 2.19, Tersine & Hummingbird] related some
of these time advantages to consumer value imperatives (See Figure 2.3), which relate

back to Stalk and Hout’s time and value competitive paradigm.

Quick response to
changing needs

Y

Development
lead_time » Differentiated offermg > .Consurper
Jucti imperatives
reduction ‘

Y

—> Quality Improvement

Figure 2.3 — Lead-time Reduction Match to Consumer Imperatives

(Adapted from Tersine & Hummingbird 1995)

‘The company that is operating with comparatively shorter development lead-times is
better placed to seize a window of opportunity. [Ref 2.7,Staude 2001], [Ref 2.23,Cohen et
al, 1996], [Ref 2.24, Hum & Sim, 1996]. An example from the car industry is the new
market niche for mini people carriers created by the Renault Scénic. The quickest

competitors to respond were at least able to claim a slice of the people carrier pie, and
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subsequent brand recognition. Those lagging behind found themselves in an
overcrowded market place with an outdated product and sunk development expenses.
This also demonstrates that being able to reach a market faster also infers a reduction in
risk [Ref 2.7, Gavin Staude, 2001 and Ref 2.21, Blackburn JD, 1991]. Not only are the
matrket conditions more predictable for the company, but also in addition, the time when

it can start to recoup its development expenses are closer.

The adage that “time is money” is very true in a business where product lead-time
corresponds to employee wages and overheads. In this way, reducing the time spent in
product development has the obvious knock-on effect of reducing costs and therefore
improving margins [Ref 2.7, Staude, 2001], [Ref 2.25, Kessler & Chakrabati 1996]. This
relates back to Hamel & Prahalad’s [Ref 2.8, Hamel & Prahalad, 1994] need for
efficiency driven denominator strategies. An additional point to consider is that lead-
time reducing strategies are immediately attractive because significant improvements can
be delivered with relatively little capital expenditure [Ref 2.19, Tersine & Hummingbird
1995].

A number of authors describe a side effect of time-based competition as enhanced
product quality [Ref 2.25, Kessler & Chakrabati 1996], [Ref 2.26, Bower & Hout 1988].
One likely explanation of this benefit is the emphasis placed on TQM techniques by the

original proponents of time-based competition, namely Japanese industry.

‘The power of a time-based strategy is that, by focusing on speed the firm
develops world-class quality and process flexibility to deliver a wider
variety of products and services without the burden of increased cost.’.

(Blackburn 1991)

2.3.2 The Risks of Time-based Competition

As a reaction to the view of time-based competition as a panacea for business, a number
of writers highlighted potential dangers with implementing such strategies. Choperena
{Ref 2.27, Choperena , A.M. (1996)] highlights two risks to cycle time acceleration:
Firstly, in the rush to speed up time to market, product quality may be sacrificed. This is
at odds with earlier predictions, but holds true if speed is achieved through risky decision

making, rather than robust processes. Secondly he argues that true innovation may be
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sacrificed, a point echoed by Cohen et al [Ref 2.23, Cohen, M.A., Eliashberg, J., Hua, T.
1996] who state that reducing the development time too far results in insufficient

product improvements.

From a personnel perspective, Stalk and Webber [Ref 2.28, Stalk , G. Jr. & Webber, A.M.
1993]warn that the relentless pace of time-base competition can exhaust managers and
workers. In this respect, time-based competition must have a long-term outlook, based
on robust processes, rather than a call to “please work faster”. In addition, Hout [Ref
2.29, Thomas M Hout. 1996] identifies the conflicting priority between reducing
development lead times and training people, and highlights this as a major reason for

TQM implementation failures in US companies.

Von Braun [Ref 2.30, Von Braun, C.F. 1990] highlighted the dangers of time-based
competition when competitive forces not only speed up development but also reduce
product life cycles. He called it the @cceleration trap’. He argued that shortening of cycles
will become increasingly difficult to maintain, as markets and customers demand a
minimum period of time before new goods replace old ones. In addition, there is less
time to recoup development expense, in effect *.the company is not climbing any faster, it is just

committing itself to a faster moving escalator’ [Ref 2.31, Manley, 2001].

As a final note, Kessler & Chakrabati [Ref 2.25, Kessler, K.H. & Chakrabartt A.K. 1996]
considered when a strategy of lead-time reduction was advantageous or prudent. They
argued that fast product development might not be universally desirable in all industries.
As example, the pace may be slower in less dynamic industries characterised by few
changes in technology or consumer preferences. They also suggest speed may be less

desirable in industries with high-risk profiles such as pharmaceuticals.
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2.4 The Attributes of Time-based Competitors

Time-based competitors outperform their industry.’
Thomas M. Hout [Ref2.29 Thomas M. Hout. 1996]

Following the analysis of the advantages and risks of time-based competition, this section
reviews the literature associated with company attributes. Stalk and Hout [Ref 2.20, Stalk
& Hout 1990] have suggested that an organisation has to go through three phases to
become a time-based competitor. The first phase is developing vision and decision; the
second involves making the change; the third involves sustaining improvement. They
stress the importance of management vision and commitment in this procedure,
compared with Blackburn’s [Ref 2.21, Blackburn JD, 1991] emphasis on process
improvements. In both cases, a commitment to continuous improvement or Kazzern
forms a central pillar within the implementation strategies. Choperena [Ref 2.27,
Choperena , A.M. 1996] somewhat prophetically proposes “ten commandments’ for the

organisation that wishes to improve product development speed:

1. Make sure requirements are understood early in the process.

It is clear that in shortened programmes there is less time for mutual understanding to be
built up. Choperena, along with many other authors, advocates the use of multi-
functional teams with a customer focus. This follows the lead of many Japanese
organisations identified by Stalk & Hout (1990). Here co-operation and information
sharing among members of the marketing, manufacturing and R&D areas were perceived

to be factors highly associated with new product success in the market [Ref 2.32, Song &
Parry, 1997].

2. Reward simple solutions and avoid complexity.

Smith & Reinertsen [Ref 2.33, Smith, P.G. & Reinertsen, D.G. 1991] termed this
incremental innovation’ and devoted a whole chapter to it. In essence, they argue that
innovation should be focused on small steps to gain a large cumulative advantage.
Concentrating in areas of customer value whilst keeping other areas the same. This
reduces the %arning time’ and avoids the ega-project trap’ where a ‘revolutionary new product’
attitude results in an enormous learning burden. Unsurptisingly, given the era of

Japanese dominance, this has its roots in the principles of continuous improvement -

Kaizen.
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3. Promote visualisation of design.

Design mistakes are costly, particulatly in terms of time, but their influence can be
minimised if they are found during a simulation or visualisation phase. There are two
Pillars to this visualisation: TQM methods and now IT enabled simulation techniques.
One TQM tool that is particularly relevant to project simulation is Quality Function
Deployment (QFD). This is a method used to identify customer attributes and create a

specific link between those attributes and design parameters.

‘OFD has power because it provides a common language and framework
within which designers and marketers may fruitfully interact.’
[Ref 2.34, Wheelwright & Clark 1992]

The second pillar, IT enabled simulation, is increasing seen as the enabling tool for even
faster time-based competition [Ref 2.35, Daniels and Essaides 1993]. For example, in the
car industry computers have been used to simulate not only the customer setting but also
the factory environment using Computer Aided Production Engineering (CAPE).

CAPE enables virtual products to be made in virtual factories without committing
financial or time resources to prototype production [Ref 2.36, Sunday Business 1998],
[Ref2.37, Alan Copps, 1998], [Ref2.38, Jesse Crosse, 1998], [Ref 2.39, David Williams,
1998], [Ref2.40, Les Oliver, 1998], [Ref 2.41, Eureka, 1998].

4. Experiment around pootly understood areas.

In effect this removes the risks from the project itself. Experiments or feasibility studies
can be carried out up-front or in parallel to the main project and do not become part of
the critical path [Ref 2.34, Wheelwright & Clatk 1992], [Ref 2.42, Pinto & Kharbanda
1996]. An important side effect is that the organisation builds competencies in these
areas and may be able to integrate them into the main schedule for the next, perhaps

faster cycle project.
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5. Avoid system bottlenecks.

Some of the best suggestions for speeding up product innovation have come from
looking at how production people have speeded up the manufacturing process [Ref 2.20,
Stalk & Hout 1990], [Ref2.21, Blackburn 1992)].

‘A comprehensive lead-time reduction strategy should attack all the
bottlenecks in the system...any activity that consumes time but does not add
value is an initial target for reduction or elimination of waste. Value-added
activities should be continually improved so they take less time and thus add

more value.’ [Ref2.19, Tersine & Hummingbird, 1995]

6. Visualise the system integration phase.

In a similar vein to the design simulation, it is important that the process effects are
visualised to ascertain organisational impacts. McCormack et al [Ref2.43, M*Cormack,
S.P., Lewis, K.J., Mink, O., Batten, ].D. 1992] argue that successful implementation of
fast-cycle methods requires employee wide commitment to the philosophy, coupled with
a strategic framework for implementation. Commitment is particularly important for the
introduction of strategic initiatives because they represent a period of discomfort and risk

[Ref2.44, Burgess & Turner 2000].

‘Commitment requires the internalisation of the organisation’s values,
norms and goals to a point where there is a strong correlation between
them and the individual’s belief... Building commitment in change and
project management is more than just carrots and sticks. The energy,
loyalty, resilience and competitive advantage offered by commitment cannot
be reproduced via coercion or material rewards.’

(Burgess & Turner, 2000)

7. Identify the top five critical issues, as most activities will likely concern these.
Choperena’s use of five critical issues is arbitrary, but the principle is Pareto Analysis.
Isolating and analysing the vital few from the trivial many. Pareto Analysis is part of
Joseph Juran’s teachings and one of seven quality tools promoted by Kaori Ishikawa,
both fathers’ of TQM [Ref2.45, Turner, 1993].
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8. Promote rapid decision-making.
Stanford Professor Kathleen Eisenhardt [Ref 2.46, Prof Kathleen Eisehardt, 1990]

describes three conventional methods of making quick decisions

Skipping analysis, but this compromises quality.

o Limiting conflict and disagreement, but she argues a degree of conflict is healthy and
an opportunity to disagree encourages commitment.

e Making bold and rapid unilateral moves, but she believes %he era of the swashbucklers is
over'.

o Keeping lots of options open, and evaluating them quickly with current factual

information.

In a survey of successful fast-cycle computer firms, Eisenhardt found they wanted to

keep lots of options open, and then to evaluate them quickly. This is re-iterated by

Daniels & Essaides [Ref 2.35, Daniels, N.C. & Essaides, G. 1993] who claim that
effective time-based competitors aid decision-making through extensive use of

information systems.

Keeping many options open in a fourth decision-making paradigm proposed by
Eisehardt and tends to convey an image of chaos, but as one of the gurus of time-based

competition states:

Today more than ever companies need to embrace complexity rather than neatly organise it

(Hout 1996)

9. Integrate the team and promote total system understanding.

Stalk and Hout [Ref2.20, Von Braun, C.F. 1990] argue that time-based companies create
more information and share it more spontaneously with as many employees as possible.
And that creating fast response among employees is necessary in order to provide fast
response to external customers. This team integration also harks back to the requirement

for cross-functional understanding and shared knowledge.
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10. Guide the project through its phases with a well-understood process.

Mistakes in process application can be just as expensive as design errors so it is apparent

that the process must be clear and widely understood. In addition, project success is a

balancing act between relatively autonomous problem solving by the project team and

the discipline of a powerful project leader and strong top management [Ref2.47, Brown

& Eisenhardt 1995]. This leadership and commitment focuses efforts in the same

direction and will also set the tone for the organisational culture.

2.5 Time-based Competition in the Car Industry

The success of the Japanese auto industry throughout the 1980s was partially attributed

to their ability to compete on time. Indeed it is companies like Toyota and

Honda that were constantly referred to as best practice’ in the seminal works of

Stalk and Hout. This was further refined to an analysis of their product

development capabilities by Clatk & Fujimoto’s book Product Development
Performance’ [Ref2.48 Clark, K.B. & Fujimoto, T. 1991]. They demonstrated that

the average Japanese carmaker was able to design and start production of its

vehicles 30% quicker than the equivalent US or European producer (See Figure

2.4).

Japanese Volume | US Volume | European Volume
Producer Producer Producer

Average Lead-time
42.6 61.9 57.6

(months)

Average Engineetin

ge mnem & 1.2 3.5 3.4
Hours (millions)

Figure 2.4 — Product Development Performance (Source: Clark & Fujimoto 1991)

The Japanese capability for speed was further emphasised when Rover in the UK

developed a strategic alliance with Honda. During the alliance, Rover was able to

implement Honda methods to shorten development lead-times by 38% and reduce

development labour costs by 20% [Ref 2.33, Smith & Reinertsen 1991].
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In light of this, authors such as Clark & Fujimoto and Cusumano & Nobeoka sought to
define a recipe for this speed advantage that could be transfetred to western
manufacturers throughout the 1990s. They highlighted concurrent engineering, selective

or incremental innovation and TQM.

1. Concurrency
Concurrent or simultaneous engineering focuses on time reduction in the entire

development process. In effect shortening the critical path by overlapping activities (See

Figure 2.5).

‘Instead of performing activities in series, it combines them into a
simultaneous or parallel manner usually with the assistance of a
multidiscipline project team.’

(Tersine & Hummingbird 1995)

Conventional Development

Concurrent Development Lead -time reduction through
concurrency

Overlap of
activities

v

Time

Figure 2.5 — Development Lead-time Reduction Through Concurrency

Toyota are credited with developing the concept of concurrent engineering in the late
1960s with other Japanese companies, including Nissan, following in the late 1970s.
Following the work of Clark et al, concurrency has become the norm throughout

automotive manufacturers in the 1990s as they seek to improve development efficiency

[Ref 2.49, Ward et al, 1995].
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The difficulty for companies implementing concurrency is that by shortening beyond the
critical path, the next step is initiated before design and testing is complete on the
previous one. It is this inherent risk that requires careful management and in particular
strict change control [Ref2.45, Turner 1993]. Hauptman & Hirji [Ref2.50, Hauptman, O.
& Hirji, K K. 1996] identified four management imperatives for successful concurrent

engineering:

- Two-way communication.
- Ovetlapping problem solving.
- Readiness and willingness to use uncertain and ambiguous information.

- Readiness to release uncertain and ambiguous information.

Within a manufacturing environment a key facet of this concurrency is the link between
the designers and the engineers implementing the product at the factory. Verespej
[Ref2.51, Verespej, M.A. 1987] believes that Japanese companies have historically
developed projects faster than their western counterparts, because in Japan, production
engineers have a greater status, and therefore their standing within the process is that

much greater.

2. Selective Innovation

Linking back to Choperana’s simplicity and Smith & Reinertsen’s incremental
mnovation, Japanese car manufacturers concentrated on keeping many components the
same whilst changing key items that were of value to the consumer (Ward et al 1995).
Ironically, in the 1990’s the Japanese manufacturers became a victim of Von Braun’s
‘acceleration trap’ by developing large numbers of vehicles to fit many market niches.
They were shown the solution by the German manufacturers (primarily Volkswagen)
through platform sharing. This reduces development complexity by having a significant
proportion of major components common to a number of vehicles [Ref 2.52, Robertson

& Ultich 1998).

3. Total Quality Management (TQM)

During the late 1980s, TQM was hailed by western manufacturing as the secret to
Japanese dominance. Its influence on white-collar processes was first discussed in detail
by Blackburn [Ref 2.21, Blackburn JD, 1991] highlighting Honda and Toyota as

companies that were applying manufacturing principles in the design office.
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Cusumano & Nobeoka 1998]. In effect, a product development cycle of Design - Make -
Test - Fail - Re-Design (See Figure 2.6).

\Y
f Market influence

\ ﬂ ﬂ Product in the
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Firm Iterations to fine tune the

l I / proposal product
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>
Figure 2.6 — Development Funnel (Adapted from Wheelwright & Clark 1992 and Ward

et al 1995)

During the development phase, carmakers are able to include changing market influences
in their prototype iterations. A limitation with this process is that repeating development

loops can be costly in terms of time and development costs.
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As an alternative Toyota has developed another technique: Sez Based Design’ (Ward et al

1995 — See Figure 2.7).

Less iterations required to
confirm the product

O O mmmp

G Multiple
5 prototypes

Time

>

Figure 2.7 — Toyota Set Based Design Development Funnel
(Adapted from Wheelwright & Clark 1992 and Ward et al 1995)

Product in the
market place

‘Set based design refers to a deliberate effort to define and explore sets of

possible solutions, rather than modifying a point solution.’

(Ward et al 1995)

Toyota explores multiple ideas through the creation of 2 number of prototypes before

choosing from those features that best suit the market. They are then able to implement

the development phase more rapidly using less iterations because they have acquired

significant technical and market knowledge through the concept stage.
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‘Set based engineering bases the most critical, early decisions on
hard data [prototype vehicles]. The earliest decisions have the
largest impact on the quality and cost, but these decisions are usually
made with the least data.” (Ward et al 1995)

Critics of set based development argue that multiple prototypes are very expensive
leading to greater development costs. But Toyota is able to offset this to some degree by

being very fast during the implementation stage [Ref2.55, Cusumano & Nobeoka, 1998].

Nissan has taken an alternative stance through its Right First Time development process,
the subject of this research. RFT seeks to reduce lead-times by removing the iteration

phase and going straight from the first prototype into production (See Figure 2.8).

_ Product in the
q O ] i e e w market place
§ Firm very quickly

I proposal Right First Time

>

Figure 2.8 — Nissan Right First Time Development Funnel
(Adapted from Ref 2.34 Wheelwright & Clark 1992 and Ref 2.58. Palmer et al 1999)

By significantly shortening the development phase, the RFT philosophy not only reduces

development costs but it also brings the product launch closer to the time when the
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product is approved. This should make the marketing information more current and

therefore more accurate.

2.6 Right First Time ~ Time-based Competition at Nissan

Doing it fast forces you to do it right first time.’
[Ref2.56, B. Dumaine 1989]

The term Right First Time’ is widely used in manufacturing and service settings. It refers
to a product or service that is produced accurately, without the need for corrective
rework. Itis one of the pillars of TQM methods propounded by, amongst others,
Deming [Ref2.53, Flood 1993]. However, RFT has rarely been applied to complex and
creative areas such as a vehicle development function. Blackburn [Ref 2.57, Blackburn,
J.D. 1992] observes that little progress has been made applying RFT techniques to white-
collar activities because work is easier to observe and track on the factory floor. In spite

of, and because of this, he observes:

“...A white collar “factory” is a much more target rich
environment for time compression than the blue collar areas.’
(Blackburn 1992)

Furthermore, during a study of US firms he found that doing it wrong first time was a

recurring problem.

X ‘In information processing functions such as product design and
development, long rework cycles due to quality problems (such as not
getting design specifications right) is a major cause of long lead-times.’
(Blackburn 1992)

There have been many batriers to the application of TQM principles to product design.
Among them is the fear that TQM techniques would stifle inventiveness, ingenuity or
creativity. Critics argue that the creative process involves learning from mistakes, which

would run counter to the ‘@ 7 right first time, every time’ doctrine of TQM.
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‘Instructing engineers to “do it right first time” is equivalent to telling
them to try harder and be more careful, not particularly useful advice.’
(Ward et al 1995)

A counter argument is that by segmenting the creative research phase from the quality
focused delivery phase, an organisation is better able to manage its creative time. In
effect, reducing the time spent fire fighting’ concerns during delivery, frees up resource for

creativity [Ref 2.58, Palmer 2001].

With these issues in mind, Nissan decided to implement an RFT development process,
drawing from the principles of TQM, on the 2000MY Almera. This was to be primanly
developed at the UK office of Nissan Technical Centre and manufactured in the UK at
Sunderland. Their motivation was to decrease the time to market and reduce

development expenditure (Palmer 2001).

2.6.1 The Strategy of Right First Time at Nissan

At a corporate level, Nissan’s decision to ‘raise the bar’ in time based competition was
motivated by hyper-competition in the motor industry and the strategic discomfort
caused by financial difficulties and falling market share. In effect the performance drop
off described by Vandermwe’s [Ref 2.9, Vandermuwe, 1995] Sigmoid Curve. In order to
implement this strategy change Nissan had to determine tactical and operative level
strategies (Figure 2.9). The tactical strategy was RFT Design, and the operative strategy
was to apply TQM, knowledge management, and simulation methods to its development

process.
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Figure 2.9 — Strategic Implementation Model (Source: Artto, Lehtonen, Saranen 1999)

Having defined RFT as the development policy, Nissan’s commitment to its achievement
was required at the highest level (Ref 2.58, Palmer et al 1999). Although minor
improvements could be made through Kaizen techniques, the proposed RFT Design
strategy was to reduce the development lead-time by 25% (41 to 31 months) a source of
major organisational change.
‘A marginal reduction in [lead] time (10-20%) generally can be
achieved by simply improving efficiency. However, major reductions

typically require reconceptualization of the entire delivery system.’
[Ref2.24, Hum & Sim, 1996]

The implementation of TQM methods in the design and development process links
effectively into the Choperena’s 10 commandments discussed in Chapter 2. Of
particular relevance was the requirement for employee commitment and understanding in
such a period of change. In addition to this, authors such as Kotter [Ref 2.59, Kotter,
J-P. 1995] and Tennant & Roberts [Ref 2.60, Tennant, C. & Roberts, P. 2001] have raised
the issue of TQM’s cultural impact and its fit to the company culture. Tennant &
Roberts’ researched the application of quality and reliability tools in the product

development phase and concluded:

‘The implementation strategy must be designed appropriately to ensure
congruence amongst the organisational attributes such as strategy,
structure and culture.’ (Tennant & Roberts 2001)
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The Research Methodology

The research methodology used in this Thesis is principally “Action Based”.  Chapter 3 describes why

this is relevant in this case and the theory and research which validates its use.

3. Methodology
The research is being conducted mainly within a product development organisation at Nissan.
The research is then validated against contemporary research through the literature research and

within other organisations, albeit in less detail.

The involvement of a major automotive manufacturer provides a suitable setting in which to

investigate the research questions posed.

3.1 Action Research

Action Research is now a common research paradigm used to validate a range of management
research [Ref 3.1 Eden & Huxham, 1993]. Action Research has different meanings to different
researchers but the essential feature of Action Research is involvement with an organisation
regarding a matter of concern.  The research described here is based upon involvement with
the vehicle manufacturer NTCE concerning the industrial problem identified in the introduction

section.

The potential criticism of Action Research stems from this key aspect of involvement. The
research approach is based on a situation that by definition is unique. These involvement
activities are likely to be specific to a certain time in a certain organisation. This has resulted in
concerns over the rigour and repeatability of research that takes this approach. Likewise the
generality of Action Research is called into question, typically concerning the generation of

knowledge and theory that applies outside of the participating organisation.
Action Research can include qualitative and quantitive methods, but potential criticisms, and the

defences used here to counter them, make an Action Research approach similar to purely

qualitative methodologies. Any criticisms levelled at both approaches stem from the scientific
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definitions of knowledge, whete to qualify an observation has to be objective, repeatable,
generalisable and measurable. These stipulations are effective and applicable when the subject
matter is the inanimate. However in the fields of psychology, sociology and management
science the subject matter tends to be more complex and soft concepts such as consciousness,
values and attitudes tend to be determinates of observed behaviour. Adherence to the scientific
stipulations results in widely accepted, repeatable and generalisable research findings. However
these findings tend to be theoretical and at a level once removed from the real world. The
resulting theory and knowledge can be beautifully scientific but of little use for implementing

change and improvement in practical settings e.g. Robson [Ref 3.4 Robson, 1993].

It is argued then, that by abandoning the objective and the repeatable and involving themselves
in the reality of organisational change, action researchers are provided with a richness of insight
that could not otherwise have been gained [Ref3.2, Rowan & Reason. 1981].  Eden and
Huxham’s paper describes the key aspects of Action Research and identifies contingencies

researchers should take regarding generality, theory generation and validity.

3.1.1 Generality

It is suggested that Action Research should empower patticipants and that “local theory” must
be generated that applies in the specific setting of the research. However to ensure the
generality of the research, there must be clear indications of how the research can be applied in
other

contexts. This requires that the research findings are described in general terms, in contrast to

the situation specific solutions provided to the research participants.

3.1.2 Theory Generation

The Action Researcher is required to identify those issues that arise from the research thgt are of
interest to researchers working in different contexts. The researcher must specify how links
between these contexts can be formed and must actively seek to talk with other researchers in
the subject area. Therefore the research must have not only a practical leaning. The research
must consider existing theory and the development of that theory through an understanding of

the generalisable aspects of the research.

Action Research tends to produce Grounded Theory, [Ref3.3, Glaser & Strauss. 1967] where the

emerging theory is grounded in the data. The individual nature of each intervention context
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means that action research is il suited to theory testing. Instead theory generation or

development is considered the approptiate output of Action Research.

3.1.3 Validity
If Action Research is jud;ged by the traditional scientific critetia of repeatability, generality and
objectivity, the validity of its findings are open to criticism. It is essential then that researchers

are aware of the key issues of validity when designing and conducting their research.

Addressing the issues of generality and theory generation desctibed above provides the research

with internal validity.

External validity can be gained from a variety of soutces. Firstly theory generated from actively
participating in the process of change is likely to be reliable since it is generated from
participants’ experiences of change rather than their beliefs. This is to say the researcher can
gain access to real behaviours rather than those people think they would exhibit in the change

process.

The process of change itself reveals information that would otherwise have remained hidden.
The experience of change provides stimulus for the discussion of concepts. The adage “the best
way to understand an organisation is to change it” is commonly used to explain the validity of

Action Research.

Action Research then has limitations in terms of generality, repeatability and validity. However
it can provide insights inaccessible to other reseatch approaches. The limitations of the
approach must therefore be recognised and addressed in the design and reporting of the
research. Likewise for the approach to be justified, data collecting and reporting needs to

concentrate in the areas inaccessible to the other approaches.

3.2 Research Approval

NTCE and the ‘Cranfield Researcher’ are working together to gain a full and industrially
grounded understanding of catalyst to design change and the effectiveness of tactics to reduce
design change. This has taken the form of measurement and definition of reasons for design

change in previous programmes. These expetiences are then linked to the Hoshin Kanri tactics

42



CHAPTER 3

along with effectiveness forecasts. The effectiveness is then measured throughout the

programme and ultimately judged on a “I” matrix basis.

The knowledge and tool development occuts in parallel through the following phases.
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The Researcher was given charge of the total change initiative, reporting to the Director of

Vehicle Engineering in NTCE and to the PIC (Process Improvement Committee), Chaired by

the NTCE Deputy Managing Director.  The process of change commenced in autumn 1996
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and was implemented through the HS — Almera program that came to fruition in early 2000.
The period 2000 to early 2002 was a period of consolidating and result validation and early 2002
to April 2004 was the write-up of the Thesis.

The RFT design hypothesis was tested during the planning and execution of the HS Almera
project in great depth, using the Action Research process. It was then validated in two
alternative engineering companies, assessing their readiness for deployment of RFT Design.
This was felt by the Researcher to be appropriate. The alternative being to do more general
research on a greater number of companies may not have generated the level of quantitative
results necessary to differentiate the Thesis from some of the published data discussed in the
Literature Review e.g. [Ref 2.27, Choperena , A.M. 1996].

The Almera project itself was a brand new C Segment Vehicle, with 2 new Platform, Engine
line-up and upper-body.  Ultimately, 22% of the patts were carried-over from other Nissan
vehicles, but essentially re-packaged in the new vehicle. The development was undertaken in a
job-share arrangement between NTC and NTCE (in Japan and UK), resulting in the successful

launch of the vehicle, on time, in 2000.

The successes and failures of the project where judged from both quantitative and qualitative
points of view as recommended above by Eden, C. and Huxham, C. The Qualitative Research
commenced through the gathering and sharing of knowledge at Practitioner conferences (See
Appendices for vatious presentations), involving 5 conferences and approximately 30 papers of
relevance.  Qualatative analysis of the research inside Nissan was undertaken by mterviwing 47
Staff and a deep analysis with 4 Managers. The assessments with the two external companies

involved interviews and information exchange with 25 of their employees.

By adopting the recommended principles of Action Research and through the use of an
independent researcher in interviews involving NTCE staffs, the Researcher believes that
weaknesses in approach to the research are off-set by a richness of data, validated from both
qualiative and quantitative view points and tested in alternative mechanical engineering

environments.
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The concept of right first time (RFT Design)

The intention of this chapter is to discuss the concept of Right First Time Design &
Development against a background of historical & contemporary references. From that
discussion and a business requirement to reduce R&>D excpenditure on any given vehicle
development program, a definition is asserted, arguing that a reduction in Design change, by
80% post production Design release, will result in a 40% reduction in development cost

within the Case Company.

The term "Right First Time" is widely used in many industries. It means many things to
many people and has many detivatives. The Car Industry often refers to 'Straight through
ratio's' or '"No-Touch ratio's' in production [Ref:4.1 Wheelwright & Clark, 1992]. The
essence of these terms is the same. They all seek to measure and strive to achieve a product

that is made correctly in 'standard time', without the need for cotrective rework.

However, the definition of RFT is rarely applied to the Design and Development (D&D)
discipline, nor is it assigned specific targets in this discipline. A literature review, searching
for both RFT and D&D, yields only 167 ‘hits’ and in all but 3 cases, the definition is both
vague and ill defined, or refers explicitly to the purchase of a tools/consultancy to improve
concurrent engineering. The 3 useful hits are defined below.

- [Ref: 4.2a Auto Research Analysis “Designers & Engineers play cupid”]: Principally
concerned with understanding the unspoken reaction of consumers and allowing
engineers to interpret customer needs in a way that will “surprise and delight”.

- [Ref: 4.2b Jeff Loughran, James Cook University 2002]: Principally looking at RFT from
the point of view of predictive analysis using Engineering tools.

- [Ref: 4.2¢ Steve Evans, UK Symposium on Supply Chain Alignment 1996]: Looking at
improvements in the use of the supply chain to allow early interaction between

carmakers and their suppliers (called COGENT).

The purpose of this chapter is to synthesize and propose a suitable definition of RFT in
Design and Development (D & D) and assign specific targets.
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41  Total Quality Management (TQM)

The definition will draw on the five pillars of TQM (Total Quality Management). In order
to adequately explain this definition of RFT Design, it is necessary to firstly define these five
pillars of TQM, as they form the foundation of the practical execution of RFT Design.

In the mid 1980's, TQM was hailed by Western Industrial Management as the secret to the
success of the Japanese in their exploitation of most manufacturing industries, but

most notably in the Motor Cycle and Motor Car sectors [Ref: 4.36 Womack & Jones 1990].
An example of this was Rover Group, which through its links with Honda, installed its TQ
Initiative. Rover utilised a consultancy (PA Consulting Group) and indeed a whole industry

of consultancies grew up around selling the TQM message. [Ref:4.3 Chatles Tennant, 1998]

Interestingly, no such initiatives prevailed in Japanese Industries, however the basic Deming
Principles were ever present. Edward Deming's influence on Japanese Manufacturing

Industry was and is huge. [Ref:4.33 Deming 1986]

Dr Deming received his doctorate in mathematical physics from Yale University in 1928 and
has since been awarded a number of honoris causa degrees. He is the author of many books
and 171 papers. The books have been translated into several foreign languages. Additionally
videotapes about his life and philosophy have aided the application of his teachings

wotldwide.

Dr Deming is well known for his work in Japan. In 1947 the Japanese requested Deming,
an American statistician and management theorist, to help them improve their war torn
economy. From 1950 onwatds he taught top management and engineers methods for
management of quality. The Japanese industrialists were receptive to the idea of improving
quality because they wanted to have a larger export market. His first formal course on
statistical control was attended by 220 engineers. His teaching went well beyond traditional

statistical control courses as it involved a management philosophy.

Deming taught about problem solving and teamwork, this was new to statistical quality
control. He was critical of some statistical quality control practices of the day, such as the
use of slogans to reduce production defects, which he argued was counter productive.

Deming believed in improving the process and not in blaming the workers. By developing
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organisational champions he took the idea of statistical quality control and moved it towards
a method of management. Japanese industrialists became committed to the idea of
improving their quality by adopting Deming's methods. By implementing his principles of
total quality management (TQM) it dramatically altered the economy of Japan and in
recognition of this, the Union of Japanese Science and Engineering (JUSE) instituted the
annual Deming prizes for achievements in quality and dependability of a product.

In 1960 the Emperor of Japan awarded Dr Deming the Second Order Medal of the Sacred
Treasure. Based primarily on his work with Japanese managers, Deming [Ref:4.4 Walton,
1986] outlined 14 steps that managers in any organisation could implement to achieve a

quality management programme:

14 STEPS TO TOTAL QUALITY MANAGEMENT

1. Create constancy of purpose for improvement of product and service. Constancy of
purpose requires innovation, investment in research and education, continuous
improvement of product/setvice and maintenance of facilities

2. Adopt the new philosophy. Management must undergo re-training and begin to believe
in quality products and services

3. Stop depending on mass inspection. Inspect products/services only as a means to
identify ways of improvement

4. Don’t award business based solely on the lowest quotation. High quality should count
equally

5. Constantly review and improve product/service

6. Train and retrain. Establish a commitment to training at highest levels

7. Leadership is the job of management and they therefore have a responsibility to discover
the ‘barriers’.

8. Create an environment where workers can express concerns with confidence and no fear
of reprisals if they make waves

9. Breakdown barriers between areas. Do this by the promotion of teamwork. Foster inter-
relationships among areas and encourage higher quality decision-making.

10. Remove any slogans, exhortations and targets for the workforce. Find real ways to
motivate staff

11. Eliminate numerical quotas. These impede quality more than any other working
condition. They leave no room for improvement. Flexibility is needed to give

customers the level of service they need
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12. Remove things preventing pride of workmanship. Give respect to staff and feedback on
their performance

13. Promote education and retraining as continuous improvement, job descriptions will
change and new skills must be learnt

14. Take action to accomplish the transformation. Management must support and work as a

team to achieve 1 — 13.

When America also saw a reduction in its own world market share in relation to Japan,
American business re-visited Deming and TQM. It is also recognised that the Quality
management expetts, Joseph Juran [Ref 4.40] and Philip Crosby [Ref 4.41], also contributed
to the development of TQM theories, models and tools, but for the purpose of this research
the Deming approach is chosen as the framewotk for RFT Design.

So we can determine that TQM is ‘a system of continuous improvement employing
participative management and centred on the needs of customers” [Ref:4.5 Jurow& Barnard,
1993]. The key areas of TQM are:

- Employee involvement

- Training

- Problem solving teams

- Statistical methods

- Long-term goals

- Long term planning

- Recognition by management that systems and not people produce inefficiencies’.
- Breaking down of interdepartmental barriers

- Redefining customers as Internal (staff) and External (patrons)

- Promoting a state of continuous improvement

[Ref:4.5 Jurow & Bernard, 1993].

TQM was adopted in the USA by Harvard College Library [Ref:4.34 Masters, 1996] who
identified 4 barriers to the adoption of TQM in their experience.

Vocabulary; objections to terms such as ‘total’, ‘quality’, and ‘management’ which imply
high standards are not already being met

Commitment; TQM takes several years to implement and requires a long-term

commitment by management
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Process; Humans by natute are impatient and try to solve problems quickly, contrary to
TQM’s careful process analysis

Professionalisation; Professional staff can be resistant to turning over their practises and
services to what they perceived as the whims of customers [Ref:4.6 Sirkin 1993].

Additionally it would be impossible to satisfy all customer whims and choices.

The TQM tools are often referred to and whilst simple, they nonetheless provide a

consistent and effective range of techniques for problem analysis.

The contemporary seven TQM tools as determined by Nissan [Ref: 4.7 Nissan TQ story
1999] (in association with Professor Kando) ate: -
1. Stratification - Divide the data by item. Stratification can be used to find the

common points or quirks.

N

. Pareto analysis - Diagram that divides the cause for a number of faults, claims etc by

category and then displays them in order of size on a bar chart.

3. Fish-bone diagram - (Cause & Effect diagram) Diagram that arranges the relationship
between the causes that influence the results and then systematically arranges them in a
fish-bone formation.

4. Histogram - Diagram that shows data with a large amount of dispersion in easy to see
column charts.

5. Graph - Graphically represent the data in an easy to understand display of comparative
sizes and changes in situation over time.

6. Scatter diagram - Diagram for showing the mutual relationships between two
corresponding sets of data.

7. Statistical Process Control (SPC) Chart - broken line graph of control limitation lines

that displays changes in characteristic values which are used to presetve stability in

process conditions.
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4.2 TQM in Nissan
Since the proposed theory of RFT Design is being tested in Nissan it is useful to note how
Nissan utilises TQM and the seven TQM tools.

In 1995, Nissan set about winning the Deming Prize for Management. After forming a
small Head Office group to co-otdinate activities, it launched its own TQM Initiative to
“Re-establish Deming's basic rules”. In addition to re-instilling the seven tools it added a
further seven: -

1. Relationship diagram - Diagram that uses arrows to logically show the relationships
between the problem and the causes that influence it.

2. System diagram - Tree diagram that depicts in greater detail the steps needed to attain a
target.

3. Matrix comparison diagram - Diagram that shows the relationships between two or more
elements.

4. Arrow diagram - Flow diagram that consider work progress and operation steps for
setting-up the optimum schedule plan and conducts process analysis for efficient
management of plans.

5. PDPC - Flow diagram that shows with arrows what steps must be taken in regards to
situation trends at each stage.

6. Affinity diagram - Diagram that arranges data by the affinity of data to such linguistic data
as fact, opinions and ideas.

7. Matrix data analysis - Method for arranging large amounts of data and obtaining easy to
read conclusions.

(In 2001, the Company consolidated these principles in its V-Up initiative and broadly

adopted a 6 Sigma [Ref:4.8 Bendall 2001] approach to problem solving) |
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It also defined the five basic pillars of TQM as follows:

1. Set Clear Target a0

e gets 1
2. Manage Using Facts ~
3. Improve Communications v

r~
4. Usethe PD.CA.Cyde  {_J
. . A

5. Standardise Best Practice _\

These basic principles are further explained below: -

4.2.1 Set Clear Targets gg

Central to Deming principles of Plan, Do, Check, Action and the Japanese Kaizen
philosophy (small continuous improvements). In order to improve, one must measute ones
performance against a base line or target. These tatgets should be clearly stated, achievable
but stretching. The targets should also be cleatly communicated and deployed in a way that

each individual can clearly understand his/her contribution to target attainment.

4.2.2 Manage Using Facts ~

Supported by the 7/14 TQ Tools, "Management Using Facts" encourages all employees to
base their decision making on objective data rather than emotional "gut-feel". Whilst, in the
extreme, this may remove management instinct, it does mitigate risk. Arguably this has led
to somewhat consetvative decision-making, but this says more about TQ's application rather

than its intent.

4.2.3 Improve Communication %’
Self-explanatory, yet a problem at the heart of many companies. The principle of deploying
"Clear targets" and the elimination of waste (or Muda) — [ Ref:5.9 J. Womack & D. Jones

1996] all require good communication within and outside departments.

4.2.4 Use the PDCA Cycle L:T

Taken directly from the Deming philosophy, this pillar encourages all TQM practitioners to
use a Plan - Do - Check - Action approach to a project or process. Put simply, for any
program, firstly be demanding and vigorous with the Plan, setting clear targets. Then
execute the Plan. Check that the Plan has achieved its otiginal targets and take necessary
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countermeasure steps to correct variance. Finally 'Action' the plan, exactly inline with the

Quality, Cost and Delivery (QCD) requirements.

4.2.5 Standardise Best Practices M

AN
Having established processes and practices that are capable of delivering stated targets,
ensute that they are captured and deployed throughout the whole organisation. This ensures
consistency of approach and indeed aids communication. "Best Practices" are always

capable of improvement and mechanisms to update ate a requirement of any Kaizen System.

4.3 Right First Time Design

As previously stated, the definition or intent of "Right First Time" is rarely applied to the
Design & Development discipline. In fact the opposite often applies [Ref: 4.10 Ward 1995].
Most, if not all established D & D processes demand an iterative approach to the product
development cycle of Design - Make - Test - Fail - Re-Design. Almostall D & D

organisations have an organisation structure that supports this basic philosophy e.g.

Design Dept: To design, draw and release the parts.
Tral Engineering: To procure or make the parts
Test/ Experimental: To test the part to given procedures in order to derive

potential concerns with the design.

Some would and do claim that 'Right First Time' D&D is both impractical and
inappropriate, encouraging over-engineeting and stifling creativity [Ref:4.10 Ward 1995].
Ward in fact goes on to argue about ‘set based design’ where the engineers are enco‘uxaged to
make a deliberate effort to define & explore sets of possible solutions, rather than modifying
a single or generic solution. Once again, taken to the extreme this may be correct. On the
other hand allowing “creative chaos™ to prevail absorbs time and can, in itself, ultimately

stifle creativity as the organisation moves from one fire-fight to the next.

Howevet, the author proposes that a practical balance can exist between creative chaos
[Ref:4.11 Prichard 1997] and RFT. This balance exists within the TQM environment and
promotes creative chaos and innovation during research and concept development stages,
but demands the RFT rigour during the product development stage. For vehicle

development this can be conceptually mapped as follows (See Figure 4.1):
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Figure4.1-Proposed balance between Creative Chaos and RFT in D&D programmes

The diagram is the authot’s image of how a RFT Design environment could co-exist with a
creative/innovative one. Design companies such as IDEO [Ref:4.12 Tom Kelley 2001] have
determined and defined a ‘Creative Chaos’ means of producing innovative solutions (e.g.
iMac). Likewise, Seymour & Powell famously [Ref 4.42 Channel 4 TV programme] created a
new bra using similar techniques. These techniques revolve around giving ‘inventors’
freedom to brainstorm solutions and then mock them up. They rely on a strong
understanding of customer requirements and a ‘hot-house’ of ideas, where no idea is readily
dismissed. The creative chaos that ensues culminates ultimately in innovative solutions.
However one criticism is that these companies rarely see the final product into production.

[Ref:4.25 Balborter & Pazarzi, Ref 4.26 Jenkins et al 1997]

Figure 4.2 There is a better way
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Most companies report [Ref:4.13 Bourton Group 1999] that they are disappointed or
unsuccessful in key aspects of their innovation projects, and 90% report no great success in
meeting such profit-critical criteria as product cost targets, planned volumes and market
plan. Even more disturbingly, a majority view this state of affairs as ‘satisfactory’ —a view not
supported by the evidence shown in figure 4.5, or by the rising pressure to perform better.
‘Few have mastered the management of this process’ says the Engineering Council.[Ref: 4.14
Design Council 1994, Ref 4.24 PA Consulting 1993]

For several decades now the emphasis in Western companies has been on improving

manufacturing operations, and there is no doubt that significant benefits have been obtained.

However, whilst they must continue to improve operations, future gains in this area are

unlikely to provide the major differentials in competitiveness achieved in the past.

Yet the business pressures continue to increase, making the need for improvements ever
more urgent [Ref:.4.15Parker 1997, Ref 4.16 Business Process Resource Centre 1998 & Ref
4.17 Kidd 1997] Product life cycles in all sectors are decreasing rapidly [Ref: 4.37 Stalk &
Hout 1990]. New foodstuffs go from idea to supermatrket shelf within a few weeks.
Hewlett Packard and other major electronic companies earn 50% of their sales from
products less than three years old. In this envitonment, achievement of time to market,

milestone adherence and product cost is critical. (Fig: 4.3)
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=
-9
(,‘_o_‘ —
@ 20
=}
’4 —

10

0
50% R&D 9% manufacturing 6 Months late
cost overrun cost overrun to market
Source: Donald Reinertson [Ref: 5.18:Parker 2001]

Figure 4.3: Attainment to milestone is more influential than non-recurring development costs
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It seems that there is now a general recognition amongst business leaders that they must do
something different in innovation and new product development to meet these challenges.
They are ‘talking the talk’. However, most are not yet ‘walking the walk’ in the sense of
doing something about it. Maybe the pain threshold for action has not yet been reached, or
more likely the pain is there but the belief is that there are still easy, non-radical, solutions
that will deliver the required improvements. For example, some software providers are
promoting product data management (PDM) as the solution to all product development ills!
The author believes that simply automating ineffective ways of working will simply enable

one to make the same old mistakes more quickly.

Information technology is vital in supporting the development process but will not in itself
change the process to make it more effective. The ways in which a company works are more
critical than the technology you use. [Ref: 4.18 Parker 2001] The contribution of people to
making new systems work can easily be overlooked in the rush to implement software. All

areas, whether organisation, systems, or processes, need to be considered.

In traditional Western companies only 25% of effort on product development actually adds
value (Fig:4.4). [Ref: 4.18 Parker 2001] Automating this way of working with software will
not improve the situation. Most time is spent on re-work, waiting or unnecessary work.

Although often a perceived solution, increasing engineeting resoutces is not the answer.

Value added work

Rework —p o Working on the right things
e Fixing # Doing the right things right
errors ¢ Doing the right things most
o Re-design of the time
o Working at the right place

Non-value added ——p
o Useless meetings

X

¢ Reports read by no-one
f Not working
Non-value ° walhr}g
added e vacation
(but necessary)
eReports
e travel

Figure 4.4: The way of undertaking NPI could be much more efficient
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The Opportunities

The financial benefits of successful innovation are enormous [Ref: 4.19 Enstone 2002, Ref
4.20 The Economist 1999, Ref 4.21 Staley & Boche, Ref 4.22 Deschamp & Noyak 1996, Ref
4.39 Smith & Reinertsen]. New products lay the foundation for future profitability through
enhanced market attractiveness, increased sales and higher margins. Yet getting better

products to market faster often proves difficult.

Why is this? One often finds that new production introductions follow an ill defined, poorly
controlled process implemented by patt-time teams working without direction in different

departments.

The 2000 Bourton Group [Ref: 4.23 Bourton Group 1999] survey on innovation produced a
revealing summary of inconsistencies between how companies manage innovation projects
and the business objectives they seek to fulfil (Fig: 4.5). Equally telling is some of the detail
behind this. Only 12% of companies routinely measure the key project performance criteria

of cost, time and quality.

So it is surprising to find that over half of companies regard their innovation project
management as generally ‘satisfactory’. Continuing to compromise with fire fighting and
overruns will not enhance future capability. Successful companies have [Ref: 4.18 Parker
2001]:

® A high quality new product introduction process.

e A clear and well communicated new product strategy

e Senior management commitment and accountability

e High quality, cross functional teams

e Best practice project and programme management

e NPI measures of performance that are regulatly reported and reviewed

® Process tools and techniques that are routinely used
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Situation Nevertheless in companies surveyed...

While few projects are a great ... only 40% always have clear accountability for project
success.... deliveries

While reduced time to design ... only 30% always use milestone control to ensure on-time
and market new products is a delivery

major business pressure.... ... only 25% always have a well defined, mandatory planning

method to ensure that they know what is going to be done.

.. only 20% always use timing and resource planning for
multiple projects to ensure projects are adequately resourced
and hence delivered on time

While cost and shareholder ... only 20% always use systematic cost planning and control
returns are the greatest ... only 20% always assess the risks in projects
business pressures.... ... only 10% always have well defined criteria for killing projects

.. only 28% always have well defined criteria for project

While performance measures Teviews
are seen as the best enablers to ... only 30% always use agreed measures to ensure that projects
improved performance.... meet their targets

Figure 4.5: Behaviour does not match objectives [Ref: 4.18 Parker 2001]

As can be seen, few companies are able to take a concept into production and deliver it on
time. In the context of vehicle development and the Nissan Master Schedule for
development, which determines clear milestones for the evolution of a car, the author
proposes a ‘Schizophrenic approach’ creating an organisation capable of both ‘creative
Chaos’ and ‘RFT Development’ [Ref: 4.27 James 1999].

This thesis, concentrates on deriving delivery of the RFT processes through the Almera
project. Later research conducted as a follow-on [Ref:4.19 Enstone 2002] studies the area of

Creative Chaos.

4.3.1 Creative Chaos

Often referred to as 'Blue Sky' development, an environment must exist that allows
engineers to be creative. Inevitably, many of the ideas created in this phase will fail or be
proven impractical. However, an environment whete creativity is nurtured will ultimately
yield technology leaps [Ref:4.19 Enstone 2002]. Itis impottant that this research is guided to
some extent by customers' requitements, although this can only be used as a guide. The
customer doesn't always know what he/she wants. [Ref: 4.28 Burns & Evans, 2001]. For
many engineers, creative chaos will be motivational but in most organisations, it may only
represent a small proportion of the total R & D budget. The major emphasis is on

Application development, where successful companies apply 60-70% of their R&D capacity
[Ref: 4.18 Parker 2001].

57



CHAPTER 4

Out of 'Creative Chaos' a few 'winning ideas' may be identified and if suitably mature, then

they may be proposed to an Application program.

4.3.2 Right First Time (Application Program)
This is the main scope of this research. The RFT Design concept is tested in real-life vehicle
design projects. To aid testing, a definition and a theoretical target for RFT Design is given

with an explanation for this choice.

Finally the definition and target are studied through the line of historical data at Nissan. A
final definition and target ate then stated and shown to be based on Deming’s TQM pillars,

TQM tools and theory and Nissan’s previous design and development experience.

The following definition is proposed. "Right First Time Design targets zero design changes

after making the initial production release".

The rationale behind this definition is based largely on a cost/1isk basis graphically defined

below.

INFLUENCE %

COST %

Figure 4.12 - Who Casts the Biggest Shadow? [Ref:4.29 Ford]
80% Of Component Cost Fixed By Production Release
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Proportionally, 80% to 90% of a product's cost is fixed during early design; yet 95% of the
expenditure in bringing that product to market is committed after the part is released for
production [Ref:4.29, Ford, year unknown)].

The definition to be evolved must draw upon the TQM definitions of Deming in a 21*
Century text, as well as the know how’ of Nissan through study of its historical data.

Some contradictions naturally occur. The author proposes the necessity to ‘manage using
fact’ and ‘set clear targets’. The latter may arguably contradict Deming’s 11% step of Quality
Management “Eliminate Numerical Quotas”. However, this step was determined in the
context of manufacturing quotas being achieved without regard for quality achievement and
since RFT is essentially a quality target, no contradiction in aim applies. In fact, the
approach is absolutely consistent with the spitit of Deming — for example by detailed study
of the quality of historical Nissan Design Notes, this is consistent in the application of
Deming’s step 3, which advocates ‘Product Inspection’ only as a means of identifying ways

of improvement.

The design note qualitative data is the primary data soutce used in deriving a RFT approach.
In addition, the definition of RFT must draw upon the following.

t

Con ;gllr:; rary Nissan Data,

Deming TQM Expe‘rience &
History
Authors concept, Other
studied through Industrial &
Almera Academic
development research
A\ 4
A definition of RFT
Design

Figure: 4.6 A definition of RFT Design

Any definition of RFT Design must ensutre that the design is fully proven before it is
released for production. The expenditure profile for a 'typical' new vehicle development is

given overleaf: -
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£ 20,000

Total Investment
15,000

Cost = ~£400M

10,000

5,000

Figure 4.7 — Total investment cost for a new vehicle [Ref:4.30 Nissan 1998]

RFT Design must ensure there are no basic quality concerns within the fundamental
assembly and with the reliability, quality or durability of the product after production release.

Pragmatically, "Zero design change after making the initial production release” is somewhat
unrealistic and inflexible, when late specification changes may be necessary to satisfy the
customer. This is demonstrated by historical evidence showing that late changes required to
satisfy the changing market account for typically 15% of historical development changes —
defined further in Chapter 5.

The final definition is derived from the fiscal constraints on the Nissan program being used
to create the demand and 'test' this design philosophy - The 2000 MY new Almera

(codename HS).

As discussed in previous chapters, the program required a 40% reduction in development

costs over a previous, similar program (Primera Mk1, code name EQ).

Theoretically this could be achieved by simply cutting the budget, but allowing the resource

spend profile to remain the same.
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- Graph Depicts E
Man Months Man%owe? Budgg

- 40% Reduction Equates To
wt 2500 Man Months

EQ Manpower
HS Budget
Manpower

- BUT, How Can This Be
Achieved?

120 T

—————

Apr-92 Feb-93 Oct-93 Aug-94 Oct-95 Oct-96

Figure 4.8 “Reduce Development Cost by 40%

The graph depicts the number of engineering man-months spent on the MK1 Primera
project of NTCE.

The development budget for HS (Almera) must see an overall 40% reduction of this
expenditure (or 2500 man-months) for the development to be seen as competitive.
Simplistically, the area under the curve must be reduced by 40%, ideally by a linear reduction
in spend. However, without any logic to the revised HS profile, it would be unwise to
expect a program with a similar content level, utilising the same development processes to
simply achieve a 40% reduction in expenditure. A logic must be derived that reduces the
area under the curve by 40%, but changes the profile, such that engineers can wotk both

‘smarter and quicker’.

A correlation exercise was undertaken on Mk1 Primera EQ between resource expenditure
(defined here as Man Months or 180 hours pet person, multiplied by the number of people
working on the project per month) and design change evolution (measured by Design
Notes, a technique explained further in Chapter 5).
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Accumalative Design Notes And Man Months
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Man Months

Design Notes

Figure: 4.9 Correlation of accumulated En-gine; Time against accumulative Design Note Issue

The correlation calculation determines a high correlation between resources spend and
design change calculated as 0.995. Not surprisingly therefore, we can conclude that a
reduction in design change, will directly result in a reduction in manpower expended. A 1 to
1 reduction (1.e. A reduction in 1 Design Note would result in a reduction of one person
month) was assumed, being consistent with an understanding (but unproven) for NTC
(Japan), although the indication from the NTCE analysis (above) was that relationship is

nearer to 1 person month = 2 Design Notes.

Pulling forward the program by nine months would therefore detive some benefit, but even
assuming a nine-month reduction in development lead-time, a 40% reduction in resource

spent would demand a 79% reduction in design change post initial production release.

Graphically this is shown as follows. Firstly the nine-month reduction in development lead-

time, which was set as a business target and was therefore mandatory to achieve.

Man Months - 9 months

140 T
120 T /—\x_/_[
100 T

80 T

60 T

40 7

—

20 T

0 L L L T O B B O A BN T
Apr-92 Feb-93 Oct-93 Aug- Oct-95 Oct-96

94
—
Figure: 4.10 Less Time Equates to Less Development Cost

62



CHAPTER 4

On its own, this strategy would lead to a reduction in Man-Months of 825 - still below the

target 40%(2500 man-months) and, of course, the logical consistency of this profile is not

tested — but the author does not have a proposal for how such a profile could work. To cut

the area under the curve by 40% requires a further 79% reduction in effort post August *94,

this being the point of Production Tooling release in this sample programme (EQ).
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Figure: 4.11 Less Design Change Equates to Less Development Cost

An 80% reduction in Design Change, combined with the effect of a nine-month reduction
in development lead-time derives a total manpower saving of 2500 man-months i.e. That
required to meet budget. (assuming use of the NTC ratio of 1 man month for 1 Design
change). This meets the targets of the case company in terms of effort and lead-time, but

not the test of logic/practicality.

It is somewhat impractical to expect a resource expenditure curve to follow the derived

target since nothing has changed in the development process to derive an 80% reduction in

design change.

Man Months
40 T

120 T
w0 T
80 T
60 T
40 T

w
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Oct-95 Oct-96

Aug -94

Figure: 4.12 The resultant man-power after a reduction in Design Change
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Le. It is proposed that additional efforts, made earlier in the program can effect a later

improvement — therefore the following resource profile model is proposed.

Man Months

Proposed = O1d
Curve / A/ Curve
200 x = ¥ il

160 ~ ' d ~ N
L4 AN
140 ’ N
120 — 7 N
/ Y
w00 — ’ N
4 N
80
’ A
60 ’ ~
Vd ~

0 ~

20 ~
0

Figure 4.13 HS Manpower Budget Intent — RFT

That is to say that Design activity must be front loaded and right first time. The resources
spent on testing should be for confirmation only, not design development — this demands
that down-stream talent and experience must be used upstream in the original design. At the
simplest level, this proposal is not novel. Front loading of Design & Development effort

has been advocated by Reinertsen [Ref: 4.38 Reinertsen 1997] amongst others.

However, these lack specificity on goals and tactics required in describing how the profile
might be achieved. The broad principle of “thinking it through while it is on the drawing

board” are about the most specific suggestions made!

The final, practical definition for RFT Design is therefore proposed as follows (in the

context of this Nissan HS Project);

An 80% reduction in the number of post production-release design changes

compared to the previous EQ program.

4.4 RFT as a Company Policy

Having defined RFT Design in terms of its target and an expected resource profile,
commitment to its achievement is required at the highest level; i.e. it is imperative that its
achievement becomes a fundamental business policy [Ref: 4.31 Curtis & Ellis 1997; Ref: 4.32
Schaffer & Thomson 1992]. Assuming acceptance of RFT Design as one of the basic
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business policies, then its deployment can be managed through a novel application of

Hoshin Kanri (translated as Policy Management/ Deployment [Ref: 4.3 Tennant & Roberts

2001]. This is described in a following chapter, but essentially enables all staff to link their
individual annual objectives to the achievement of the RFT Policy.

4.4.1 Hoshin Kanri Policy Deployment Overview

Hoshin Kanri is a Japanese term for Policy Deployment. It is used by Nissan (among
others) to disseminate the company objective/policy into individual’s objectives. This
project saw a modified Hoshin Kanri tool developed, to concentrate explicitly on the

deployment of the RFT Design Philosophy.

The aim of this novel Hoshin Kanri is to empower people to design in quality from the
beginning. This is based very much on the "No Touch" Kaizen principles of continuous
improvements [Ref: 4.36 Womack, J.R., Jones, D.T., Roos, D. (1990). The Machine that
Changed the World] operated to great effect by Nissan Motor Manufacturing United
Kingdom (NMUK).

SET

Figure 4.14 - Deployment of A Right First Time Design Policy

The Hoshin Kanri allowed a link of enabling tactics to be made back to the original

objective.
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Simply, the Hoshin Kanri allows one to link Policy to Strategies to Tactics as follows: e.g.

POLICY STRATEGY TACTICS BENEFIT
e.g. €.g.
TARGET SETTING =ESTABLISH VLM
- COMBINE DESIGN & TEST
° - etc.
- CO-LOCATE
RIGHT FIRST TIME DESIGN sé“:‘g';géggﬁlés (DESIGN, TEST, ENG, SUPPLIER) | EACH TACTIC IS ASSIGNED
(MEASURED THROUGH - CAPE A DESIGN CHANGE
REDUCTION IN DESIGN - ..o REDUCTION VALUE BASED
CHANGE FROM EQ PLAN D - STRUCTURED DESIGN ON HISTORICAL ANALYSIS
. N'N?.I RAWING | tESTBY DESIGN
= - efc.

PREDICTIVE DESIGN

-CAE
-QFD

~ - PREDICTIVE STRS
-efc.
STANDARDISE
BEST PRACTICE - ENGINEERS HANDBOOK
'S - etc.
==X

Figure 4.15 — Hoshin Kanri Layout

The detailed Hoshin Kani for the HS Project is given and explained in Chapter 5.
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4.5 Concluding Comments

The concept of Right First Time design has been introduced. The literature, when
available, agrees with the concept but is void of content. The author has proposed a simple
definition as a starting point and, based on the business requirement to reduce R & D
expenditure by 40% and time to market by 9 months has derived a strategy to reduce design
change by 80%. This is based on the high correlation between resource expenditure and

design change.

This now forms the basis of the thesis wheteby the tactics to achieve design change

reduction are deployed and their effectiveness measured through a real vehicle development

program.

This chapter therefore

1) Clarfies the chosen definition of RFT and the targets to be achieved
2) Describes the origin of the targets, defended through the derived logic
3) Shows how the definition is used within the research method
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A Novel Application Of Hoshin Kanri Combining Historical

Analysis of Design Change Causal Factors and Associated Costs.

A Japanese technique for “Policy Deployment” is adapted to be applicable as the key tools of
the “Change Agent”. The use of this tool, combined with the 11 step maturation process
derived by the Nissan “Total Quality Story”, seeks to remove tactical development risks,
mitigating “the leap of faith” often seen as a barrier to up-front investment in the development
process. This chapter explains the Hoshin Kanri, its strategy, its tactics and the expected
outcome of deployment.

The Hoshin Kanri defines the means of deployment of strategies & tactics to achieve the
aims of Chapter 5. Later on, the Chapter provides the historical data by which forecasts
are made within the Hoshin Kanri. This Chapter defines the source of factual data and
ultimately the expected output | success (failure) of the tactics deployed through the
Hoshin Kanr.

There is clearly a cost associated with changing a Design. The direct cost of obvious — the
“Cash-out” of the company to pay the supplier or toolmaker to undertake the necessary
modification. However, there is also an indirect cost within the company. The cost of
employees spending time designing, introducing and adapting the change. The cost of one
design change within Nissan is defined as [Ref 8.1 Financial Times World Automotive
Manufacturing 1999] £, 13,000. Costs in other companies vary, but the principle
remains the same. The latter part of this chapter explains how the figure of £, 13,000

was calculated and why it is important in the implementation of a RFT Design.
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An overview of Hoshin Kanri has been explained in Chapter 4. As has been stated,
Hoshin Kanri is a Japanese technique for deploying company strategy down to an
individual’s annual objectives. It is used in many Japanese companies as part of the

building block of the appraisal & reward systems. An example may be:

Co Strategy R&D Division Trim Dept Strategy .Smith objectives
Strategy

Be a Top Quality Be Nol in “Which?” Zero complaints Review “Which?”

Co with High Level magazine survey about trim in the 2002 results and

Of Customer 2003 “Which?” 2003 ensutre all concerns

Satisfaction survey are countermeasured

Thus a logical link is made between the Chairman’s intent and the Individual daily actions.
In Japanese it is written J5 %14 B2 and can be literally translated as Policy Management,
but in the anglicised world, “Management” has become “Deployment”. This chapter
proposes its novel usage as an accomplice for the ‘Change Agent’. The internal Nissan
term ““T'Q Story” is used through this Chapter and Thesis to denote TQM and its
deployment through Hoshin Kanri.

Fundamentally the Hoshin Kanti is organised classically, grouping Policy (80% reduction
in Design Change Post Production release), Strategy, divided by TQM pillars of

1) Target Setting (Set Clear Targets)

11) Simultaneous Engineering (Improve Communications)

1) Planning Drawing (Use the PDCA Cycle)

1v) Predictive Design (Manage Using Facts)

V) Standardise (Standardise Best Practice)
and Tactics, and logically linking together. Each Strategy has a named “Implementer” and

each Tactic has a “Team Leader”.

In this novel approach, a number of 'new' information fields are added to the 'RFT Hoshin
Kanri', to allow each tactic’s introduction to be measured. Included within the additional
fields are,
a) An 11 part deployment measuring system, adding a very visual means of following
the status of the numerous actions needed to introduce a RET approach to design
& development [See Appendix 17]
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b) A design change reduction objective (% required) defining the percentage
reduction in design change, which could be expected from this tactic given 100%
successful introduction. This should be carefully compared with the data in the 9*
step of the 11 part technical deployment measuring system. This is the forecast of
design change reduction expected as applied to the HS program. The sum of which
must add up to 80%.

This 11 part tactical deployment-measuring system is taken from NMUK's TQ Story [Ref:
5.2 NMUK TQ Story] and can be found in Appendix 17.

5.1 Design Change Reduction Objective

On a monthly basis the maturity of each 'tactics' use in the organisation could be assessed

and recorded.

As stated, the RFT ‘Hoshin Kanri’ also allows one to document the desired design change
reduction and predict the expected benefit of each tactic’ in terms of Design Change
Reduction to HS. This forecast is detived from an analysis of Design Change carried out

on two previous Nissan programs (DC & EQ). This is described in detail later.

Based on the tactic’s maturity (measured by the 11 Step TQM process) a prediction of
Design Change reduction for the HS vehicle can be made. The summation of all the

tactics must add up to the 80% reduction in design change demanded by the project.

The results of the desired and expected design change reduction are given in Figure 5.7 and
are explained later in this chapter. However, for a full understanding Figure 5.7 must be
read in conjunction with latter parts of this Chapter, whete the historical analysis of Design
Change 1s fully explained.

The HS RFT Hoshin Kanri follows. Note, that due to commercial sensitivity, some
aspects of the deployed tactics are not fully desctibed and for confidentiality the names of
all team members have been removed. However, within the titles of each tactic, one can
grasp the types of tactics used and the complexity and number deployed in-order to meet

the design change target.

70



IL

payddy Ajind= O
palddy Ajleped =~

SS9SSE PUT S}1901E T JE3[) 195 —

TS5 L1 70J PUeS] UIYSOF :1'G 2

gjodwoduj = X A9
jejol
%z %l L
1o} sjebue] .
Aloa o o swison| | . N Y aldwa | suisiieh bioods suea syo6.81 ZLd/b1d - v
. N *)dep Jad abueyo ) .
" ” o o 16/S0/} " " ” " " Jawied v UBiSaQ 9|GEMO|[e Xew BUILIBIG uonpay N/a 6l
Ge] .
" ” o o 16/20/52 ~ " " ” ” exeuel %l 11d Aq JyBiom jobigy m>w_5_w 16N WBIoM - gl
” o v v 16/20/52 ~ ~ ~ " ~ Apauusy 'S %6 yed Aq ped s)so2 1ab.e) j98 sjso) jebie] - s
. R 10710 10} . .
” " 0 0o 1612094 ” ” ” ” ” samo1 ' s19Bue} |LLN/SNO Oypads aUyaa siebieL 1070 gl
~ ~ 0 0o 16/20/9} ~ ~ ~ ~ ~ auoj)sbuin %P UOISIAGI g S} wmwwuwmm_ﬂuhww sjebue] aouewoped - S’
. 3jnpayos ; .
” " o o L6/80/EL ” " ~ ” ” ueunioelg ‘| *| Jjoisep ousub yuow J¢ & susaq aINpayds Jajsep vl
sanbal abueyd .
P v v 72,7718 R N P uopng v %0 | sads Jo moy o) ousos § ULBG $9040N 99 - €
sped .
” ” o o 16/50/} ” " " ” ” Jawed 'Y %94 | Jano-Aueo jo asn ay oN_E_wms sHed Jano-Aueg - T
ssauaAoelye jonpoud .
- - o o 16/60/8) - " " " \. weyyodd 'y %l Bumnoudu s, .M_w%c_.ﬁcmmao juswainseap DY - Vi
auoysbuir °f Q& Oumesebiey !
SH| ofoud yxeu | - Addy N
1} 0L | o3 Addy uo Alddy 0} Apeay 9 S € 4 1 Wv3l ao3ad % OILOVL OHM A931vilS walrans Wall
6 8 L
NOILOV | MO3HO oa NV1d
IANNVIO0Nd LNIWIAOUWI d3LS L

S Y4 LdVHD




L

UOREIUNWIO,) 9A0IAW] — BUES] UIYSOH ¢ G 93001

pajddy Aind= O
palddy Ajleied = v
gpidwodu| = X HE))
%9 %S¢ & |ejoi
Buusauibua uononpoid .
~ v A 4 16/.8/E)L ~ ~ ~ ~ ~ ~ Juwnj | %8 :o_um_gtwwwu“:hwwugoo:mn..ﬁ _uw.:.__.__ mnmU - eLe
~ 0 0 16//9/0E ~ ~ ~ " ~ " unsny f - DN Ul 800 uosiel| ysyqels3 OLN 0} jnduj - [4%4
Juawabeuew
~ 0 o) 16/9/08 ~ - " ~ ” ~ Bumz ‘W %E BUOISB|IW JuBLIIdWOD Mmanay ubisaq - e
0} $s9201d mamay ubisaq anosduwl)
x x x S Y DY B N e @S L % | 4o yooup BSTVVISA Ity %940 WOE - oLz
Buyse .
. v v 16/90/0E N N N N Y 0BabMOH ' %b 104 Aijenb Syied feu anoitkl Auieno ved - 62
S,"3'W 404 uone0|
- o 0 16/90/08 P PN DY RPN PN liBMxe "L %] 0pg ssaooid Em“hc_ wo mumms__ sssauiBuz Buynjoejnuey - gz
¢ Buu
- ) ) 16120121 ™ Y Y P B g0z ' % ouuosied avo o Den 20W0 avo - rz
. ($03) uonosjes Jaddns N §
~ o 0 16/9/0€ " " - " - - Bumz ‘W %} | oiqenns o) 853501 € YSIGEISS O uoposjes Jayddng 9z
) o o 16/90/0€ " Al A ) A A YHOJUI0D D %} L SI00UBLS 1581 Qhowwww sieauibuz 153 - 5z
Anjua)
SuUeAl ‘g 1512 U} Joy spiepueys ssepd _ |
. o ° L6/80/E} ” ” . ” . . Kapo4 ) %€ pliom 0} Ajjigeded juawdojeasp wabog ve
-09 sualddns aroudwi o)
SEEDGIE]
~ o] o) 16/60/81 ~ ~ ~ ~ ~ ~ nuaIos ‘9 %<C 1S8n9 (8 0} dn 8)epoLLILLIOITE O} sigauibug jseng - £
ainpasoud yuswabeuew ysijqeisy
sHed a|qisuodsals .
- o 0 6L S Y PN RS P N BWEd 'V %Y | 51 o1 pousws i mnﬁ.z soby Shed Ado - zz
Ui ]
~ 0 0 96/21L/1 ~ ~ ~ ~ ~ ~ eweAlysIN JN - aseys noﬂ%ﬂm& nw‘_wm_u.h_: %M%m@ aJseys-qor juswdojers( - vz
1auwied v | Bupssuibug snosue)nuig z
SH| 393foud jxau Ajddy ‘ON
oL o1 Addy uo Kjddy 0} Apeay 9 S ¥ € z ] Wv3L anad % OlLOVL OHM A931VHLS wal-ans Wwal
6 8 L
NOILOV | M3O3HD oa NV1d
- INWVHOOU LNFWIAOUDII d3LS Hi

S HHLdVHO




€L

paiddy Ajin4

poyddy Ajensed - 0 9243 YVOdd 281 — HUE3] UIYSOH ¢ 9Inal
gp|dwoou) = X PEN|
%¥vL %S b 9] fejoL

. - o o| izun| - S Y Y e roea W %} | sBumesp Buuued o} indur sAym g aN/SNO - oke
- - o o| erooe| » o Y Y e auojsBumr B | o0n8.1010 00 Do NG 10710 24d - sie
- " v v | emueo| - S e suous ‘N €2998 | oy eubi ‘presed ui sonposy] sping ebid - vie
- - v v | emom - S N N Y [ UOSPIEYIRS D %b V3N B V14 ezlleuosninsu) vid- ere
~ ~ [o} o] 16/L0/L) ~ " ~ " ~ " Buipie!d °| - Buiueid o) bo«m_w wM .ﬁ_;:ML:“” Aueuep - PR
- - ) o| o 3 N P N P BupRId | | 5 pouow Bugsemas; sy S102- e
- - o ol muom| 4 N Y Y Y 290z W %p e OIN- ove
- - o o| o - % I N Y 9Bpuaing "y %0b | remyos 10) oULoPIG Sy a1emyos - 6
- - 0 o| seizois B Aloal Al A A nisewwoy ¥ | buppes wowsbeuew ﬁ,_k_wm.ww Bupoes - gt
~ ~ o) o 16/20/L1 " " " ~ a a nsjewo] "y %¥ sved owuhﬁm”%oﬂwdcwmﬂmﬂwm“ Bujuue|d jusuodwio) - L€
- - o o|  senon - S Y Y Y Ny | % | e osemyos 5 Boen somors ado- ot
‘ . v v 8e/Lork . o8 Il el B e ow_mm,w 3 . PlRUBID LM o_%w_wwpﬁm 1BWOISN3 40 8O10A - 5t
- - v v 16150/ - o Y Y Y moueg T 5050 [ 1450000 10 A vy si9ayg dsou0D - e
x X x| X x| - N I Y Y peaus g %050 N 10 RO oD o sadd- ce
- N o| emeomL| ~ N N Y Y soudd %l | ABojens uuopeld oupsE erueq Wwioeid 189M0913 - ze
. . 0o o 2615071 - S Y I P suied v z1 o8 emeestrhisibagrion din- ve

sidway {7y Bumesg Buueld ¢

SH| efoud axw,: Addy .
1 ol o z&M uo >_%N o} %mow_. 9 s| ¥ € z 3 WvaL aoay % JlLoVL OHM A93LviLS WaLrans s_%u
NolLov |  ¥oaHD - oa NV

FJANNVAO0Ud LNIWIAONLNI d3LS L1

S Y4 LAVHO




vL

payddy Aind= O

UIS[] 95CUE[N — DUES] GIqSOH] 7' onoid

palddy Alleed =~
gjodwoou| = X TAIM
%P %S [ el
. MNIN 0} Jaropuey R .
" " ] ] 16/21/60 " " " " " " Yoo 9 %2 Apea 1o} swishs Aoy Apuap) JanopueH aouess|o]: 84
uoebo|owoH Joy
~ ~ [o] o] 16/80/EL ~ ” ~ ~ " ~ ¥ayold 'd - | ®ejep ubisap jo joJjUOD B UCHI3|j0D uoyeBojowoH - v
Jo} 8oyoeud 1saq dojeasp o
” ” v v 16/60/81 " a " " " " - €l'e 998 VIWAVLS - [
siskleue
p . Aq ‘abe)s ubisap Apea e buyse) . .
~ ” o o] 16/80/€} ” ” ” " " " uosjem 9 %C SON 2 SHLS SHELOPUN FOUN ubisaQ AqisaL (44
3 sisl|ddns sinsus 0} ssa20.1d
. Ayiiqeded @40 R .
~ ~ v v 16/80/€1 ~ ~ ~ ~ ~ ~ Jawng | %1 % V4 YIm uooun; 3y soueyu uopeinuwis [
[~ ubiseQ apdipaid b
SH| 09foad 3xau Addy ‘ON
| 01| o1&ddy uo fddy 0} Apeay 9 S ¥ € [4 1 Wval ao3y % o1L0VL OHM A9ILVALS wal-ans e
6 8 L
NOILOV | M23HO oa NVid

JNAVIO0Ud LNIWIAOUINI dALS b

S Y4 LdVHO




SL

30NOEIJ 159 9SIPIEPULIS — BUES] UIYSOH G G 9mdl]

%61 %001 14NV NIHSOH V101
panddy Alnd= O
palddy Ajlened = v
op|dwodu; = X AIM
%€ %y A jejol
N o ol o) | A 4] Al 4| - Kapuonog 's %E |y pozuereyp sebvad Ao 1y $58901d 00} 9PIND., - vs
i 6
Al - o o won| A Al Al Al Al A aidwoy P -] yoeo ur sainpsooid oomers 1598 %00gpUEH SJBaUIBU3 - s
ed
" ~ L 4 A 4 16/20/2) ~ " " ~ ~ ~ seuofr "H %L WoIoNs S198UIBUT [EYBIP 99N vomE_ juswabeuepy wRUOY - Zs
. Apioam podas N .
~ ” (o} o] 6001 | A ” ~ " ” " Kapuonog ‘s “|  smes peloxd opsners sonposu) voday s,dO Apeem 'S
eppem ‘a ﬂ‘~ iseg azipiepuelg s
SH | 300fod 3xeu Addy
| o1]| o3 kiddy uo Ajddy 0} Apeay 9 [ 14 € 4 % Wval an3ad % 1LV OHM AD3LVAILS W3Ll-ans | "ON W3l
6 8 L
NOLLOV | XO3HD oa NVid

SNAVIO0Ud LNIWIAONNI d3LS Li

S Y4 LAVHO




9L

panddy Aind= O
pa|ddy Aleed =~
gg|dwoouj = X AIN
jejol
L6'7'0E ~ a ~ sawer ‘q dn-jas $DQ 0} 8pINS
16°L'9) ” ~ ~ sped Apoq - j98ys s|dwes }sa} 0} spIng)
L6'7'0E ~ a ~ puepse3 'd SUI32UOD |euUSIEW [BdIdA) Joj BpINg
16°L'S2 ~ ~ ~ apisie9 'd mo|4 weibeiq pnou)
16'L'GC ” ~ ~ puepse3 ‘'d Buiphoay sued anseld 0} 3pINY
L6'v'0E ~ ~ ~ uospieyory 'D Vd - V.14 0} 8pin9
16%'S) " " " uospIeYIRy ‘0 Q40 - V.14 0} 8pin9
67'S) " p p uospIeydR V14 0} 8ping
16'L'ST ~ ~ ~ uospseyory ' VaW4 0} eping n
L6°€0°0E ~ ~ ~ Jjsung 'y ndui Bumelq Buiuueld Joj aping Al
16°01°0€ ” " " Jsuwing | abueyox3 ejeq Jayddng o} sping w
L6'€°0E " ~ ~ Jawny | uoyedliddy apneiddy uteiqo o} aping [
16'8'62 ~ ~ ~ sawer 'q yodey (g 0} spin |
~ ~ ~ sswer ‘g Hoday juswdojaaaq e 8)uum 0) apinD
SH| 3199foad 3xau Addy
22 oL| 9 bnnM uo >_..EM o} >vu»~n S € [4 12 OHM A93LViLS W3LFans | 'ON W3Ll
NOILOV | MO3HO oa NVid ,

JNNVAIO0Ud LNIWIAOUNI d3LS L)

S H4.LdVHO







CHAPTER 5

Figure 5,7 Hoshin Kanri Appointment of Design Change Reduction

Spec Performance Cost Work Mistake Other

Tactics Full Pred to |Full Pred to |Full Pred to |Full Pred to |Full Pred to |Full Pred to
Score |HS Score |HS Score |HS Score |HS Score |HS Score [HS

1. Target Setting
A (1%) 1 1

(10%) 10 5

A aaaaa

2. Simultaneous
Engineering

2.2 (4%) 1 1 2 2 1 1
2.3 (2%)
2.4 (3%)
2.5 (1%)
2.6 (1%)
2.7 (6%)
2.8 (1%) 1 1
2.9 (1%) 5 0 1 1
2.10 (5%)
2.11 (3%) 1 1
2.13 (8%) 8 4

[ Y
_ A A

Y

sy
-
-

3. Planning Drawing
3.2 (1%) 1
3.3 (0.5%) 0.5
3.4 (0.5%) 0.5
3.6 (1%) 1
3.7 (4%) 1 1 2 2 1 1
3.9 (1%) 1 1
3.10 (4%) 2 2 2 2
3.13 (1%) 1 1
3.15 (1%) 1 1
3.16 (2%) 1 1

2O -

4. Predictive Design
4.1 (1%) 1 0
4.2 (2%) 2 2
45 2%) 2 2

5. Std Best Practice
5.2 (1%) 1
5.4 (3%) 3

wo

TOTAL  (100%) 15 9 17 16 10 6 27 23 12 6 19 19

TARGET _ (100%) 15 17 10 27 12 . 119

Full Score = 100% reduction in Design Change
Prediction for HS = 79% reduction in Design Change

Figure 5.7 attempts to simplify the Hoshin Kanti to a statistical analysis that allows one to
follow the forecasted achievement of the RFT Design policy (FASTD). The Tactics
column lists Tactics by the Hoshin Kanri code number, categorised using the 5 TQM
Pillars. It also summarises the expected maximum reduction in design change if the
Tactic was fully applied and that percentage expected to apply to the HS Project. The X
Axis divides reduction in design change, divided into those categoties undertaken in the
original Historical analysis. Le. Changes due to Specification Changes, Performance

Shortfall for example Test Failures, Cost Reduction demands, Workability concerns raised
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in Trial Assembly, pure Engineering Mistakes and Other reasons.  This categorisation
allows the author to relate reasons for Design Change (from the historical analysis) to the
tactics that he and the team in Nissan have developed (See Figures 5.4.1 and 5.4.2). 'The
sum of the Full-score columns broadly equate to the average reason for design change
percentage seen in previous programs (Spec 15%, compares with 14% in DC and 15% in
EQ; Performance 17% compating 17% and 19%; Cost 10% comparing 10% and 9%;
Workability 27% comparing 30% and 21%; Mistakes 12% comparing 13% and 10%; and
Others 19% comparing 16% and 26%). This assutes that countermeasures taken on HS
did not over-emphasise one particular atea (you cannot reduce Mistakes to less than 0% no
matter how many countermeasures you make!). Thus from the table, one can see that the
Hoshin Kanri tactics applied to HS always add-up to less than the maximum score,
ensuring and demonstrating a broad range of tactics are applied, which totally add-up to a

predicted design change reduction of 79%.

The Hoshin Kanri was used as the majot tool to drive strategy development and tactic
deployment, by the author between December 1996 and February 1999 (end of Pilot Plant
build). An estimated 500 people where involved and some 300 FASTD badges presented
for significant involvement in Tactic development or deployment. ‘The Hoshin Kanri
was frozen at February 1999 having a prediction of 79% reduction in design change (1%
short of target) having been reviewed in a Senior Management meeting for every month
over the interim petiod. ~ The Hoshin Kanri had become the “Stress” in the organisation
to continue tactical improvements even as late as Pilot Plant build. When the forecast
was static at 54% for 4 months in a row, it was having this lack of progress clearly visible
that motivated NTCE management to review the whole improvement cycle again with

new vigour.

As commented eatrlier, the Hoshin Kanti was 'frozen' as of HS "ET Refine Production
Release" 26™ February 1999. This is the same point in time, taken for the EQ project,
from which to measure the number of design changes. From this point on, it remained
only to monitor the number of design changes resulting from the HS development,
categorise reasons for design change, assure the quality of the HS product and consider

improvements for the next project. The accumulated 'HS Forecast' was a 79% reduction

in Design Change post production release.
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The route to the successful deployment of RFT, was the understanding of historical
bottlenecks to RFT Design. Knowing the requirement for 40% reduction in development
costs and 25% reduction in development lead-time, led to the correlation with post production
release design change. As explained earlier, in this project, the prognosis and research
hypothesis was that design change represents the bottleneck to resource/time reduction and

that RFT was/is the policy to break through this bottleneck.

However, definition of supporting strategies and tactics can only be trustworthy when 'tested'

against historical evidence of design change history.

NTCE had undertaken two projects of a similar scale in the previous five years. EQ (or 1996-
2002 Primera) launched June 1996, which was the key financial reference for HS and DC (or
Micra 1992-2002) launched mid 1992. Adopting the TQM Pillar of "Manage Using Facts", the

detailed reasons for post production design change were analysed.

5.2 Definition of a Design Change

A key discussion point was how to count design changes.

The agreed staring point was clear. A change could only be counted if it was issued by NTCE
Design. NTCE 'Approval' Drawings do not cover every dimension or feature on a given
component. This is the responsibility of the supplier. NTCE drawings only cover dimension
or features that effect "The quality, reliability, durability, function or performance" of a
product. In general, this is given at the system or assembly level. To clarify this, NTCE
modified the QS9000 [Ref 5.7 QS9000 Third Edition, 1998] Statement and added it to all its
Approval Drawings as one of the tactics of its Hoshin Kanti deployment (Fast-D Project).
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This statement reads: -
‘All Design Changes and Modifications that impact on form, fit, function, performance and/or
durability shall be identified, documented, reviewed and accepted by the relevant Nissan design

personnel before their implementation (including child parts).

All other changes shall be identified, documented, reviewed and authorised by the relevant
Nissan plant QA’.

In essence, this means

A Design Change requires written authority from NTCE before going into production (signed

by at least manager level in the relevant Design Department).

e Itis defined as a change to a feature, dimension or performance outside that given by the
tolerance or defined as satisfactory within the test procedure.

e NTCE approval to a design change is not constrained to dimensions, features or
performance given on the Approval Drawing. It covers all components and sub-systems.

® DProcess changes can be made without reference to Design provided they do not infringe
on the Design Change criteria i.e. dimensional, feature or performance outside tolerance or
standard.

e Any Design Change would normally be accompanied by STRS reports and possible
vehicle testing. Its issue for production will always be formal, taking the form of a Design
Note, PDN, Print Clarification, Technical Communication or the most appropriate
mechanism. It will always be signed by at least one NTCE Design Manager and a General

Manager in the case of vital parts.
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A "change" could then be considered on three levels.

1. By Design Note: One design note can release a number of dimension, etc, changes and is
raised to release a 'package of changes' for any given system.

2. By Drawing Sheet: A design note is sub-divided by drawing sheet with all changes on that
sheet being combined as one batch.

3. By Feature: Each individual dimensional or feature change is detailed by drawing issue level

on the drawing itself.

A decision was taken to measure post production release design change by Design Note
(figure 5.8) and Drawing Sheet (figure 5.9). By feature (figure 5.10) was excluded due to the
complexity of re-capturing the data. By Drawing Sheet (figure 5.9) would later become the
preliminary measurement method, being less subject to counting abuse i.e. saving up many

design changes and releasing them all as a batch on one design note.
For information, a sample Design Note is given overleaf, demonstrating both a "Design Note"

count and a "Drawing Sheet" count. Following this is an extract from a Drawing Title Block,

showing Design Change, by feature.
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Note

e 5.8 - Example of Desi
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rawing sheet

e 5.9 Example of Drawing Title Block
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e 5.10 Example of Changes Derived by Feature
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5.3 Design Change Count

A full data count was not absolutely necessary for the benchmark exercise, thus a mixture of

CHAPTER 5

data prevails - Mainly due to resource constraints of recovering achieved material. The analysis

as presented consumed twenty-one man weeks.

NB:

No of Design

Changes
European DC (by NTCE) 1671
European EQ (by NTCE) 2495
European EQ (by NTC) 1876
European EQ (Total) 4371
Japanese EQ (Total) 2897
Japanese B14 (Total) 1261
(Typical domestic only vehicle - HS size)
USA B14 Sentra (by NRD) 664
USA B14 Sentra (by NTC) 1261
USA B14 Sentra (Total) 1925

Japanese HS Sedan (1) (Total) 1471

Important reference data for Fast-D
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The significance of each of these indices is as follows.

1.

6.

European DC -

European EQ -

Japanese EQ -

Japanese B14 -

USA Sentra -

Japanese HS Sedan 1 -

A project with a similar job-share between NTCE and
NTC- Japan (but with later NTCE involvement) as HS
produced in Europe by NMUK, with a similar supplier

base.

The primary reference project for HS macro targets
including development cost, piece cost and development
schedule. Having a similar job-share between NTCE and

NTC as HS and the most recent projects.

Domestic market only, with only a 4-door denvative.
However, a useful reference of comparative complexity of
a global development project with an equivalent domestic

only project i.e. 0,55 times as many design notes.

Similar sized vehicle to HS, launched 1996 into the
domestic (Japanese) market only, utilising the traditional

development process.

Adding the global dimension to B14, demonstrating the
benefit that Nissan sees in job-shared development with
NRD (Nissan Research & Development - NTCE's sister
company in USA) due to utilisation of common (Japanese)
suppliers.  Design change only 1.5 times that of the
Japanese B14 model (No.4)

Mother vehicle of HS, but for Domestic (Japanese) sales
only. The 1474 Design Notes can be compared with
Japanese EQ (No.3) 2897 to quantify NTC's
improvements in development efficiency 1.e.51% reduction

in Design notes.
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Simplistic rules of thumb can therefore be detived, generally as ratio's, which desctibe the

relative efficiencies of domestic only verses global vehicle development, historically and

contemporary i.e.

A European manufactured D Segment vehicle e.g. EQ (4 door and 5 door) consumes 1,5
times more design change than a Domestic (Japanese) only derivative e.g. EQ (4 door).
A Japanese manufactured D Segment vehicle e.g. EQ (4 door) consumes 2.3 times more
design changes than a Japanese manufactured C Segment vehicle e.g. B14.
A USA manufactured C Segment vehicle e.g. Sentra consumes 1.5 times more design
change than a Japanese manufactured C Segment vehicle e.g. B14.

A European manufactured D Segment vehicle e.g. EQ consumers 2.3 times more design

change than a USA manufactured C Segment vehicle e.g. Sentra.

Therefore we can "correct" the analysis to directly compare USA versus Europe as follows:-

D Segment to C Segment compatison

(See Japan EQ (2897) to Japan B14 (1261)) : 43.5%

Euro EQ (D Segment) corrected

For C Segment : 1901 Design Notes

USA Sentra : 1925 Design Notes

European Manufactured C Segment vehicle should consume almost the same number of
design change as its equivalent USA manufactured cousin.

European EQ post production design change cost £20.1 million in tooling (vendor plus

in-house) modification.

In-conclusion, therefore, the number of design changes expected for HS projected in a

“conventional” development would range as follows:-

Upper limit EQ level - 2497 (2 body types, 3 engine types)
Medium EQ corrected for C Segment — 1901 (assuming a Scale down effect)
Lower limit DC level — 1671 (1 body type, 2 engine types)
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Since HS will be a C Segment vehicle, with 2 body-types and 3 engines, the 80% reduction

level needed to be taken from a value somewhere between 1901 and 2497.

Since the original objective was to reduce development costs based on EQ development Scale,
a design was made to use the EQ upper limit data as reference, but corrected to add a 5%
“allowance for early handover”, resulting in an assumed level of Design Change of 2750, in
itself, equating to £20,1 million. Therefore, the absolute number of Design Changes to be
allowed within the Project, to achieve 80% reduction, would be set as 550.

5.4 Design Change Categorisation
Having established that there were 1671 post-production design changes (measured by the
Drawing Sheet method — See Figure 5.9) on DC and 2495 on EQ, further analysis was

undertaken.

The design change reason was re-analysed by the designers responsible for the changes and

then categorised as follows:-

The change was due to either

- New development requested or,

- Marketing specification application change or,
- Performance/Test failure or,

- Metal formability concern or,

- Need for Cost reduction o,

- Workability /assembly concern or,

- Customer usage/marketability concern or,

- Correction of mistake or,

- Related change (due to other depts requirement) or,
- Foul with another part or,

- Supplier request or,

- Service department request
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Analysis reveals:-
5.4.1 DC Design Change Categorisation (NTCE only)

| Supplier Request
5%

SerNew Dev.

1
|
1
Foul l’
~ 1% 3%

i '\
DuetoRelated Change {
5% 3

Spec Change
14%

Correction of Mistake
13%

Market ability Request
%
Test Failure
7%

/ Formability
0%
CUS/VES/Workability

LCosl Reduction
30%

10%

Performance(NDC,NEM) -

5.4.2 2) EQ Design Change Categonsation (NTCE onl

Supplier Request
1% | .
Service NewDev.
Foul 0% 8%
1%\
\

Spec Change

DuetoRelated Change
= 15%

5%

Correction of Mist ake
10%

Marketability Request
1%

Performance(NDC,NEM) -
Test Failure
19%
CUS/VES/Workability -
%% LForm:;lllty

LCost Reduction
9%
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On average therefore, Design Change between the two analysed Projects were very similar and

defined “on average” as:-

e Spec Change 15%

(i.e. Changes requested by Marketing to improve Product Attractiveness)

o Performance Countermeasure 17%

(i.e. Test failures requiring countermeasure)

e Cost Reduction 10%

(i.e. Changes made to meet target cost)

e  Workability Countermeasure 27%

(i.e. Changes to improve fitting in the factory)

e Mistakes 12%

e Others 19%

Split by Design Section, the proportions change somewhat, depending on technology, specific
job-shares, supplier capability, etc and this would become important later in defining Design
Section monitoring. '
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5.4.2b) EQ Desien Change Categonsation, Split by function

1) Electrical

|

Mistake

Workability

Spec Change

' Performance

Cost Reduction

Total changes 674

Mistake

Workability

L

Spec Change

Performance

Cost Reduction

Total changes 757
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1i) Trim

r T i
| 1
«; Spec Change ’
|
\ l
! |
| |

J

Mistake
Performance
Workability Cost Reduction \
Total changes 659

1v) Chassis

New Developments
(requiring new technologies)

\
2
|
i

Mistake

Workability

Spec Change

| Performance
! J

Total changes 405

It was also considered useful to analyse reasons for design change over-time. The results were
not unexpected. Peaks of Design Change occur at Trial Builds and during testing immediately
following Trial Builds.
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5.5 Design Change Causal Analysis

Whilst the analysis in 5.4 categorised the source of the design change, it didn't reach the true cause.
A further analysis was necessary to ensure integrity of the statistics. Although not finally fully
exploited in the project control mechanisms, beyond recording the crude separation between “E”
type changes (those that should have been unavoidable by good engineering) and the rest, this

analysis is nevertheless interesting from a historical understanding of past projects.

In this analysis the designers re-analysed causal factors for the change by evaluating each change
against the following flow chart. The chart was a hybrid of a chart used by Mr Nakamura-PPD
(Principal Project Director) for the original Nissan Stagea. It was adapted and improved — in-
particular, the evaluation of design change categotisation was done for EQ with the engineer who
actually made the change (in most cases) rather than through the Administration department in the

case of Stagea, Japan.

1. Attractive Quality

1.1 New Mechanism, New Structure €.g.........c.ooviiiiiiiiiiiiiiii e A

e Electric Super HICAS (Suspension), ‘Handling Improvement’ related parts; Electronically
controlled power steering, Complex Surface Headlamps, Mini-Disc Deck.

1.2 Product Planning, Specification, Styling Changes

e  Specification Changes ..............oiiiiiiiiiiii B
e Vehicle Target Performance Changes ...............coocviiiiiiiiiiiiiiin e, C
®  Styling Changes ..........oooiiuiiiiiit it D

2. Quality Expected by Customers (and already known to Nissan, therefore should be in the
specification and delivered in the design “Right First Time”)

Spec. unchanged — E
Part spec. exists - from the original
Vehicle
performance target Spec. changed
exists during
development — F
Changes P
caused by the [ No part spec. G
part itself
Vehicle No part spec
performance target OR H
does not exist insufficient
Related
Changes ;
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Essentially, this places causal factors into two primary categories

1) Quality Expected by the Customer: That is changes made to satisfy the original

marketing/technical targets of EQ.

1) Attractive Quality: Areas of EQ enhanced during the projects life, to react to changing

5.5.1 Design Change Causal Factor Result

customer needs, as perceived by "customer representative departments” e.g. Marketing or

styling.

70%

60%

50%

40%

30%

20%

10%

0%

—— |

E (Supply)

> T —=0

£20,1 million (die &
tool changes only

Analysis shows that
Design Change to
achieve "Quality
expected by the
Customer" accounts for
58% of changes. 'E'
changes are dominant
and therefore
management effort must
be concentrated in this
area. Design Change on
EQ cost NMUK £20,1
million.

Number of Design Changes

Wasted Money
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The analysis shows that Design change to achieve "the quality expected by the customer" accounts
for 58% of changes. This is equivalent to the 60% found on the Japanese Stagea project for
reference. 'E' changes are dominant (circa 50%) and also show us that improvement in
Engineering Predictive capability would reduce Design Change. This will please the consultants
who sell technology as a solution to “Concurrent Engineering” but equally we can conclude that
this in itself is not enough and that any development efficient improvement strategy must take a

wider view. Design change on EQ cost NMUK /£20.1 million.

5.5.2 HS Carry-over Components from EQ

On the assumption that carry-over parts from an existing model would not require further design

change when applied to 2 new model, the carry-over content on HS was analysed.

It was found that 16% of EQ's design changes were associated with parts that were planned to be
carried over (utilised without change) onto HS. i.e. it was assumed that 16% of the design changes
would not re-occur due to their development maturity. Those "avoided" design changes fell into

the following categories

Supplier Request Service
5% —\

\

\

Foul
1%

Due to Related Change

Correction of Mistake
U%

Performance(NDS, NEM,
Endurance) Test Failure

M arketability Request
% B%

CUS/VES/Workability
31%
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Using the EQ data, we can thus determine the improvements required to achieve the 80%
reduction in Design Change, associated with “Attractive Quality”, where it is prudent to give as
much scope as possible for change, and “Quality Expected by the Customer”, which is basic

engineering and where one needs to minimise Design Change.

Combining charts 5.5.1 and 5.5.2 allows us to set some tentative targets, based on the EQ data.
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CHAPTER 5

5.7 Potential Strategies and Potential Tactics for Design and Development

POTENTIAL POTENTIAL TACTICS
TARGET EXPLANATION (brainstorming for Hoshin Kanri)

777 e  Utilising “traditional” development methods the aggregate carry- 1) MAXIMUM CARRY-OVER
/ffﬁf?/i//%’if _ over content from EQ to HS is 16% 1.1 Undertake “pre-development” on new systems
7/’ camyover 7 e  16% includes an assumption that some changes will result even 12 gg"t"""_:'n“si':g [nC] Iland CDS
//2 22% 7 on c/o or pre-developed parts (80% and 50% of new part resp.) 14 Refer - geliiv ng
i e Improvements (to 90% and 80% of new parts resp.) are required '
7 ;/%W p ( o o p p.) q
i

e 70% (from EQ) reduction in changes resulting from Supplier 2 INTERFACE DATA MANAGEMENT

h ; 21 CAD
Requests, Fouls, Formability, Services etc.. 22 gxpe,%’;’;‘\’,ving checks

2.3 Project Control including CDS/Base Plan
2.4 Cogent (Drawing Quality & Project Management

. 9 ion i : 3) SYSTEM PLANNING DRAWING
;_(I)_ é) S(from EQ) reduction in changes resulting from NEM, NDS, 31 Testby Desigh

3.2 Organisation Change

3.3 DR Process

3.4 Revise STRS procedure
3.5 Revise Copy Part definition
3.6 Simulation

3.7 Guest Engineers

= e 70% (from EQ) reduction in changes resulting from CUS, 4) SIMULTANEOQUS ENGINEERING
ng/:kiblmy Genkaku, VES, etc. 4.1 Simultaneous Planning Drawing

4.2 VKS to NTC (Sim Eng)

4.3 VKS “shadow” organisation

4.4 B70 function to NTCE

4.5 Check-Sheet establishment

4.6 Improve CUS Process/Nti Process
4.7 Buck, Stereo lithography, PUG
4.8 VIP (Standard Structures)

49 CAD Group

e 90% (from EQ) reduction in changes resulting from DPR’s, -)—g 1FAFS;P D (Designer Handbook)
Drawing Errors etc. 5.2 Auto VSLA/VSLB check

5.3 APR Procedure
5.4 Electronic D Notes and Check List
5.5 System Overview Sheets

e 75% (from EQ) reduction in changes resuilting from Spec S).CLEAR TARGETS

. 6.1 Strengthen Vehicle Evaluation
Changes at Vehicle or Part Level, or related change 6.2 Organisation Change

Strategies and Tactics for Non Design and Development

A 63% (from EQ) reduction in design change is required resulting from instructions from:

7) Cost Reduction: Renovation of Cost Management process to avoid
requirement to raise Chips to meet revised targets
(resulting from Yendaka, market trends etc.)

8) Marketing Input: Define a Schedule from Marketing Input to avoid late
changes/uncontrolled input.
e.g. Spec freezes efc.

9) Styling Change: Define Styling Freeze and adopt this principle for Europe

10) Others
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5.8 Deriving the Final Targets

In developing assumptions, there is no “right answer”. However from the analysis we can
determine where we expect design changes and an image of the necessary improvement required in
each category. Ultimately, NTCE ended up defining a “Soft-target” in the “Spec” or “Attractive
Quality” area, determining a need for a 65% improvement. Performance concems, Cost concerns,
Workability concerns and others were all determined to be improved by 75%, Mistakes by 100%

and carry-over to be maximised as much as possible.

These targets are compiled from fact, analysis and adjusted to suppott the particular peculiarities of
this development. They add up to 80% reduction in design change on a “typical” Case 2 NTCE
development, taken from a historical analysis of previous data and a determination to allow on one
hand, maximum freedom to Product Planners to improve Attractiveness and on the other,

freedom to engineers to maximise catry-over content and commonisation.

So with all these factors taken into account, it was determined that on HS, under a typical

traditional development, a forecast of Design Change would be

Forecast of HS Design Change --- 2750 changes

(Using Traditional Process)

And Reason for Changes Spec 15%
Performance 17%
Cost 10%
Workability 27%
Mistake 12%
Other 19%

Tactics would be developed to reduce each of these factors by the following percentage.

Spec x 65% = 10% reduction
Performance x 75% = 13% reduction
Cost x 75% = 8% reduction
Workability x 75% = 20% reduction
Mistakes x 100% =  12% reduction
Others x 75% = 14% reduction
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Improvements in these areas consistent with historical analysis were felt to be achievable and with

a maximised carry-over content could achieve 80%.
Referring to the Hoshin Kanri earlier in the Chapter (Figure 5,7), it categorises the 5 elements of

TQM against the 6 reasons for Design Change. This figure is again re-presented below. It shows

the predicted performance in each category in respect to HS project.
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5.9 Hoshin Kanri Appointment of Design Change Reduction

Spec

Performance

Cost

Work

Mistake

Other

Full
Score

Pred to
HS

Full
Score

Pred to
HS

Full
Score

Pred to
HS

Full
Score

Pred to
HS

Full
Score

Pred to
HS

Full
Score

Pred to
HS

1
10

2. Simultaneous
Engineering
2.2 (4%)
2.3 (2%)
2.4 (3%)
2.5 (1%)
2.6 (1%)
2.7 (6%)
2.8 (1%)
2.9 (1%)
2.10 (5%)
2.11 (3%)
2.13 (8%)

_ A

_

-

Y

-

3. Planning Drawing
3.2 (1%)
3.3 (0.5%)
3.4 (0.5%)
3.6 (1%)
3.7 (4%)
3.9 (1%)
3.10 (4%)
3.13 (1%)
3.15 (1%)
3.16 (2%)

VY=

4. Predictive Design
4.1 (1%)
4.2 (2%)
4.5 (2%)

-

5. Std Best Practice
5.2 (1%)
5.4 (3%)

TOTAL _ (100%)

15

17

10

27

12

o{w O

19

19

TARGET _ (100%)

15

10

27

12

19

Applied to HS

16

Full Score = 100% reduction in Design Change

Prediction for HS = 79% reduction in Design Change

23

19

= 79%

Thus the ultimate % reduction in design change, predicted from history, applied to each of the

tactics deployed on HS, is 79%. However, by category, the forecast to target is a little mismatched

— see section 5,10.
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5,10 Initial Allocation of Targets and Judgement of Acceptability

Average (%) Target (%) Hoshin Kann Judgement
DC/ED Production
Spec x 65% 15 10 9 A
Petf x 75% 17 13 16 O
Cost x 75% 10 8 6 X
Work x 75% 27 20 23 O
Mistake x 100% | 12 12 6 X
Other x 75% 19 14 19 (@]
100 80 79 @)

In Nissan namenclature (actually Japanese education system) we judge the performance in each
category as follows.

< Key >

O = Fully achieved

A =Marginal

X = Failed to achieve

In summary therefore, whilst the Hoshin Kanri expects to broadly achieve the overall target of
80% reduction in Design Change (79% forecast which was finally accepted as a pragmatic
forecast achievement ratio on which to authorise release of Tooling), it does so by under-
achieving in Cost and Mistakes, but over-achieving in Performance failures, Workability
concerns and others.

This was judged as adequate to proceed as a pragmatic forecast.

Thus, “the die was cast”. The strategies and tactics defined in the Hoshin Kanri were developed
to the best of every one’s abilities. A monitoring system was set-up in Design Administration to
report Design Change numbers by department on a weekly basis. The total number would be
“allowed” as 550 design changes. A secondary monitor also looked at reasons for change
according to section 7,4 and in particular the “E” changes (avoidable mistakes) were also

reported weekly — a target being set as 2 maximum of 275(50%) changes in this sub-category.

From this point on (February 1999), the author could only observe the results of his strategy and

define the reasons for design change and the success / failure of his strategy in each category.
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5.11 The Cost of Design Change

Within the context of the Hoshin Kanri, it was also important to be able to derive a cost
per design change.  The Hoshin Kanri allowed us to predict from history the number of
design changes that any given Tactic would save.  If the tactic required any expenditure
to implement it, it was important that one could demonstrate a Return On Capital. It was
therefore apparent, that if one could determine the cost of one design change on average,
multiplied by the number of predicted saved design changes resulting from tactic
deployment, then one could derive a payback.

The Cost of Design Change is calculated here, by considering the sum of direct & indirect

costs in previous projects.

5.11.1 Cost of Tooling Changes (Direct Costs)

The “Cash-out” cost of an average design change is calculated simply by taking the cost of
“Design Change Contingency” on previous projects (average £20m, being made up of
post-production release design changes to Vendor and In-House Tooling, modifications to
Line Layout, etc) and dividing it by the member of design changes post production release
(2500). Therefore the direct cost of Design Change per Program can be defined as £8K.

5.11.2 Indirect Cost of Design Change
A much more difficult calculation, is the internal cost associated with Design Change.

These are not recorded in any detail inside Nissan, thus a separate analysis was undertaken.
This analysis, undertaken by Nissan’s Design Administration Department, studied all

design changes in NTCE and NMUK for a period of 1 week, the averaged data being
presented here (Sample size 48 changes). Itis presented in Figure 5.11.
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Figure 5,11 - Hours Taken to Implements a Typical Design Change

Activity Explanation Hours Taken (for
an average design
change)

Problem The time expended by the 8

Investigation (Engineer) | manufacturing/test or design engineer

in analysing the failure and devising a
solution to prevent its recutrence.

Spec-tender Once the solution is determined, it must | 4

Raising (Engineering) be formally disseminated to the supplier

authorising the development of the

solution into a formal & feasible

proposal.
S/T Check (NTCE The check undertaken by managers, 4
Manager) administrators & buyers in authorising

the release of Spec Tender information.
Approval Drawing Upon receipt of a formal proposal for | 8
Check (NTCE Manager) | design change from the supplier, it must

be challenged & check by design review

Design Note Raising the necessary document (a 4

Issue including Design Note) to release the design

Amendments NTCE change to the BOM (Bill of Material)

Manager) along with its applications.

Release through Checking of the BOM to ensure all 4

Admin (Design Admin | applications have been correctly

at NTCE) released.

Release by DCC The process of ‘adapt & abolish’ 4

(Production Control at | undertaken in the manufacturing Co.

NMUK) essentially releasing the BOM to

production.

Release by Authorisation of tooling change along | 4

Purchase to Supplier with associated negotiation of Cost

(Purchase in NMUK) movement.
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Supplier Discussions (By | Negotiations on cost or timing 8
NTCE and NMUK) associated with the change, usually
involving engineers & buyers.
Drawing Updates Resulting from discussions, a 8
(Engineer) proportion of the changes will be
subject to modifications & on-going
negotiations.
Re-Release (NTCE and | Re-release of changes & confirmation 8
NMUK) of which Spec Tenders should be
applied for the next trial build.
Timing Negotiations Detailed negotiations on delivery timing | 4
(Production Control of | for prototypes, packaging requirements
NMUK) & on-going Design Change adoptions.
Cost Negotiations Finalisation of cost effect negotiations | 4
(Purchase) resulting in release of cost data to the
purchase computer system.
Release Change Adoption of the change into the BOM. | 4
(Authotity / DCC)
Filing, etc (All) Tidy-up work on filing, etc. 4

Total

80 man-hours

The cost of 1 man-month is £10,000(from NTCE Finance Dept),
Thus 80 hours work is 10000(£)/4(wks) x 40(hrs) x 80(man-hts) =£5000.
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5.11.3 Direct & In-Direct Costs

Direct Costs £ 8,000
Indirect Costs £ 5,000
Total Cost of

Average Design Change £13.000

Note: The concept of “lost opportunity” is not used here. For example, we are not
calculating the value of new car sales by launching the car early, or the impact of employee
frustration and resignation. These categoties would be very difficult to validate and may
reduce confidence in the rest of the calculation, which already shows a significant impact

as £13k per design change

5.11.4 Why Is This Useful?

In the context of this project and indeed, in the world of engineering, knowing this cost
and having it accepted by the company’s accountants is 2 “God-Send” because it quantifies
the often mysterious wotld of engineering into a terminology understood by non-engineers.
That is to say, the engineer can now point to a tool that will reduce design changes by 10

and say it will save the company x Euros/Pounds/ Yen per project, thus deriving a Pay-

back period of Y.

Linking to the Hoshin Kanri, we can define by data and fact, the forecasted reduction in
design change by introducing a new tactic. For the sake of argument, let us take the
example of CAPE [Ref 5.8 Kochan, Anna 1999].

CAPE 1n Nissan is a software package that allows digital models of components (together
which constitute a complete motorcar), to be assembled on a virtual assembly-line in a
computer, thus enabling the Design Engineer to detect assembly problems without the
need for a physical trial build.
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Through adoption to HS project, the calculated reduction in design change was 4% or 100
design changes per project. The average cost of these 100-design changes can now be
delivered.

100 x £13,000 = £1,300,000

The capital investment of CAPE at NTCE was £40,000. Needless to say, one doesn’t
need to be an accountant to understand the economics of the argument and orders for the

system were immediately placed.

The uniqueness of the formula should not be lost. Earlier in the Chapter, the “Leap of
Faith” was explained. As will be shown later in the thesis, other engineering companies
had been unable to “take the leap of faith” needed in investment of time and energy
upfront in the development program. However, Hoshin Kanri, linked to a thorough
historical analysis of design change reasons, linked to a tactical deployment forecasting
system in “Design change unit” plus knowing the cost of a ‘Design Change’ mitigates the
risk. We no longer need to view the up-front work as a “Leap of Faith”, we can view it as

an vestment with a definable ROI (Return On Investment) .
5.12 Conclusions from Chapter 5

The purpose of this Chapter has been to describe the generic process of Hoshin Kanri and
how it was applied to this project. For reasons of commercial confidentiality, it is
impossible to detail exactly the tactics that where deployed through the project in-order to
reduce design change. However, it’s possible to grasp the general thrust of each tactic

and its predicted effect to reduce design change in the case company.

The final documentation relates deployed tactics and their forecasted improvements with
historical analysis of design change on previous projects. The Hoshin Kanri represents
the core management tool deployed over a petiod of 2 yeats to drive the project from a
factually based perspective and ensuting adoption of TQM tools. One should therefore
consider this novel application of Hoshin Kanri as part of the Intellectual Propetrty in
Design Change reduction management — The author thanks Nissan for allowing it to be
explained in this Thesis.

Finally, a cost for every design change eliminated in derived, allowing an ROI to be

established for the project
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The Results at the Start of Production

The Initiative to reduce Design Change by 80% was wrapped up in a Program called FASTD. FASTD
became the central focus of NTCE for a period 1996 to 1999 and figured highly in the annual corporate
objectives. 1t represented the focal point for winning the D+D contract for the HS vebicle and seeing the

commitments achieved.

Almost all Technical Staffs of NTCE where involved in some way, either through tactical development or in

the post analysis and countermeasure phase of the project. Al those stajf directly involved where awarded

with a FastD “badge of Hononr”.

FEASTD (an acronym for Fast Development and “Find Away to S Treamline Development”) was also
designed as a Knowledge Management initiative.  From Figure 6.6, one can see a list of Designer Guides.
These represent the capinre of the processes developed through the Hoshin Kanri and validated through this
project.  They are indexed 1o the Generic Master Schednle of a 31 Month vehicle development schedule.
They represent the core knowledge of Nissan in achieving a 31 Month vehicle development with less than 200

design changes. This information is highly sensitive and can only be referred to in this thesis.

The Designer Guides were contained in an Engineers Handbook — the concept was one of a Filafax,
containing the Engineers Diary.  The thinking being that Engineers will use their Diary daily, but a
Central Procedures Manual wonld simply “gather dust”.

In 2003, the Engineers Handbook has been succeeded by an Intranet based Knowledge Management System,
but nevertheless, linked to the Engineers Microsoft Scheduler and other Corporate Standards. The Design
Guides are still published and npdated, becanse the activities planned through this research were successful
and achieved their aims, both in terms of an 80% reduction in Design Change, but also in terms of a 40%
reduction in Development budget.  _As can be seen in the following Chapter, some of the Secondary measnres
did not achieve their targets, but were compensated by over-achievements in other areas.  This chapter

explains and elaborates on the practical resulls from the implementation of RET Design.
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6.0 THE RESULTS AT “START OF PRODUCTION”

With the planning completed, the development started in earnest. It is also true to say that
iterations of the Hoshin Kanri continued in an attempt to reach the 80% forecast.
Continuous monitoring of design change and the reasons for design change were also
introduced. These where reported weekly (at the Directors Weekly Operations Meeting) in
a simplified means i.e. Total Design Change and Class E1/E2 changes (those that should

have been avoidable).

For the purpose of completeness in this thesis, the final results have been analysed at a
number of levels, not only those used internally within Nissan. This thesis also benefits

from hindsight and the ability to review causal factors of the actual changes encountered on
HS.

Looking firstly at the primary measurement of Design change, both at “Design Sheet” level
and by “feature” (see Chapter 5). Analysis has also been undertaken of the “control

mechanisms” or “secondary measurements” leading up to a design change.

- CUS = Workability Concerns
- STRS = Supplier Testing Concerns
- DCS

Vehicle Testing Concerns

For reference, a number of other factors have been evaluated for completeness of Project
Performance measurement e.g. Trial Parts delivery and resource effectiveness. All of this
data ultimately feeds into the T Matrix (Chapter 7) for analysis within this Thesis and

teedback to future Nissan projects.

6.1 Design Change Reduction

Using the Primary “currency” of Measurement, the project achieved its aim of an 80%
(actually 93.3%) reduction in Design change. That is a measurement of design change by
“Design Sheet Level”, which was deemed as a good balance of measurement reliability

versus complexity of data collecion. The measurement system also took into account
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differences in “job-share “ between HS and the previous models of EQ and DC that had
been used as the reference.  That is to say that Body in White (Metal Panel) design changes
were excluded. This was due to an evolution in NTCE responsibilities between EQ and
HS, with NTCE taking responsibility for the Engineering on a greater proportion of the
vehicle

Figure 6.1: Graphical Representation of Design Change Reduction at Design Sheet
Assumed start height ’

(from start of weekly
report) included ,
advanced changes 600 | All HS E1/E2
coming from Pilot m— Target --..--
Plant (of which,
finally there were 500 l Actual I
few, or they were
“saved-up” by 400
engineers for the E2
trial buil 300 (avoidable changes)
200 JR— -'
100 [
0 e |
& I &
FEEEEE LS
HS 80% Desig? HS Actual # Variance
All ET/E2 All E1/E2 All E1/E2
Changes| Changes| Changes| Changes| Changes| Changes
550 275 184 aQ -66% -67%

Source: Design Note Quality Database
# Excluding BIW

The graph above represents an extract from the Weekly Report, tracking design changes
from E2 trial build through to SOP (Start of Production). Using this tracking system, a
target of no more than 550 changes was established, with actual changes amounting to 184.

This equates to the previously mentioned 93.3% reduction in design change.

During post-project analysis, the author was able to make a more in-depth analysis of the

design change through a one-week review of all the drawings (cross referenced to ANEMS —
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the Nissan Design Release System), reviewing each and counting the number of revisions to
each part. Utllising this secondary measure of measuring design change on any one of the
4500 parts under NTCE responsibility, an 81% reduction of design change reduction was

observed.

This count also included those design changes deemed not to have borne a “Design
Change” cost.  The original hypothesis was to reduce design change, thus reducing the
“Cost of Design Change”, therefore there was a body of thought that non-cost bearing
changes should be excluded from the count (for example, adding a note on the drawing).
Ultimately the author felt uncomfortable with this exclusion, arguing that any change bears a
cost, even if only one of Engineers time to release the change. Itis also a measure of
efficiency and clearly falls into the E1/E2 category of changes that should be avoidable. In
the final analysis, the two schools of thought issue was irrelevant, since the 80% reduction
target was also achieved at this level, including those changes with (arguably) no cost bearing
(See Figure 6.2).

Figure 6.2: Design Change at a Feature Level (Drawing Issue Ievel)

19%

81%

». % Parts . % Parts

not Changed Changed
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| FROM HS BOM (ANEMS)

. Al | No.of % Parts % Parts |
Parts Changes* not Changed |Changed
4500 857 81% 19%

Source: Design Note Quality Database & ANEMS BOM for HS

*includes non cost effect changes

A further analysis of parts having design changes greater than 3 (See Figure 6.3) was also
undertaken (in this analysis, Body Design Changes, which were not included in the target, (as
not under NTCE’s responsibility in the EQ count) were now included). This is an
interesting analysis as it demonstrates that almost 40% of those parts that were changed,
changed 3 or more times. In this instance, Design Change is measured at Drawing Feature
level (the most detailed level, therefore picking up even on minor mistakes, such as spelling

corrections)

Figure 6.3: Percentage of Drawings at Design Change Level ON) & Greater

% Of Parts Changed (based on level of
drawing)

27%

1 L5 )
| e o S
19%
| 17% °
| |
Drawing | No. of
Level Changes %
N 1558 27%
1 1092 19%
2 1011 17%
3+ 2152 37%
5813

Source: ANEMS
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In detail, the 10 parts having the greatest number of design change are given below

NTCE Top 10 Parts With The Most Drawing Changes

Part Changes Comments
1 |Headlining 9 Modification to design of
components forces
2 | Accelerator Pedal g Cost reduction
Due to being a Reverse KD component,
3 | Headlamp 8 Design chapges were forced from Japan. _
Cost reduction and crash test resplts also forced design changes.
4 |PKB Device 8 Styling Changes
5 | Accelerator Cable 7 Cost reduction Releases
6 | T/M Control Linkage 7 Marketability requests to change|shift feel.
7 | Door Mirror 7 Addition of work'flblhty instructions plus part
Development/tuning
Component incorporates a telescppic feature.
8 |Headlamp Cleaner 7 As this design is new to Nissan if required
- Additional refinement
9 |Inside Mirror 7 Drawing clarification, plus part development/tuning
10 |Player Cassette 6 Cost Reduction exercises combined with part
development

This is an interesting analysis in terms of future improvements, as it suggests there are some
“chronic” concerns in the development of these part types. If these concerns can be
addressed in more detail and better understood, further improvements may be possible in

the future.

6.2 Workability (CUS) Analysis

A number of secondary analyses were undertaken to ensure that a pure reduction in design
change was a legitimate measure of design efficiency. The first analysis concerned itself
with a reduction in workability concerns (See Figure 6.4) , the primary cause of design
change on both EQ and DC projects. The analysis below, details the issuance of CUS
(Come Up Sheets), the paperwork system for recording workability concerns.

From the analysis below, the total numbers of CUS raised on ED (1731) were reviewed and
their raising profile “corrected” to that of the HS development schedule (40 months to 31
months).
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These 1731 “Potential Concerns” where then tested against the HS Planning Drawings,
through the Simultaneous Engineeting Teams. i.e. The Manufacturing Engineers in the
Sim. Eng. Team made an evaluation of the historical concerns against the planned vehicle.
The testing took many forms, including one of CAD simulations, mock-up or Engineers
instinct. In total, 1760 concerns were reviewed (i.e. all the ED concerns plus a number of
other ad-hoc issues) and 841 “Advanced CUS” were raised.  The raising of these
Advanced CUS, forced the Design Engineers to take Design Countermeasures to the
satisfaction of the Manufacturing Engineer within the Sim. Eng. timing (i.e. Prior to

Prototype Tooling release).

This activity was consistent with parts of the Hoshin Kanri Tactics given in Chapter 5, items
2.7,2.8 and 2.13.  The target to reduce Workability by 75% was also applied to the raising
of CUS (there is not a 100% correlation between Design Change and CUS raising, but for
ease, this correlation was assumed). The target was therefore set for a maximum number

of CUS, at each build, totalling 433. This is demonstrated graphically below.

Some notes on the process are premised here
e At the planning stage (Simultaneous Engineering Activity) a manufacturing
concern checklist was created and used as a tool to evaluate design concepts.
e The concern checklist was cteated from previous CUS analysis (e.g. DC, ET),
facility constraints, workability, current concerns, supplier concerns and post
SOP reworks.
e Ok judgement checked at Design Review 2 (DR2)
e FASTD simultaneous engineering activities between factory and design to reduce
CUS included e.g.:-
- Torque rationalisation.
- Fixing rationalisation (to Nissan Engineering Standard-NES).
-Variation control
e Actual aspects of how this activity was undet-taken cannot be shown due to

commercial sensitivity.
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Figure 6.4: Target Development for CUS Raising Profile
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Against the 433 maximum CUS raising target and excluding CUS for BIW (to equitably
compare EQ with HS vehicle programs), a total of 726 CUS where actually raised. To be
strictly correct, it was felt appropriate by the author to exclude 154 from this count. The

154 where as a result of 3 reasons
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1) NES Commonisation — an initiative started after development planning, to reduce
the complexity of fixings carried on the two Production Lines in NMUK

2) Rejected CUS, where the CUS was an incorrect evaluation of the concern

3) NCAP related — Marketing changed the target for NCAP Crash performance during
the program from 3Star to 4Star. This resulted in a large additional activity and
new countermeasures being introduced to production at T1 and T2 builds for the
first time — thus additional workability concerns.

Finally then, the corrected number of CUS raised was 572, some 139 CUS above target.

Figure 6.5: HS Actual Workability Performance (CUS Raised For NTC Action)
1731

99 T2
123 T1
28 TAKING OUT
ET e NES part commonisation
e Rejected CUS
e  NCAP (non programme
148 content)
PILOT PLANT 726 !R <
— 83 T2 =[Reduction 16.2% 154
’W Cortection 572
433 134 T1 = Increase 8.9% (due
25 T2 to Pilot Plant inclusion) W
31T1
1123 59 ET M4O0ET 4 Reduction 41.2% Reduction
C-Lot 58% Reduction
D-Lot 37 pP 103 PP = Reduction 30.4% >'67%
281 266
C-Lot C-Lot 7 Reduction 76.3%
_/ J
EQ HS Target HS Actual
75% Reduction

Notes on Achievement against Targets
To assess the CUS reduction target achievement of 58% or 67% vs 75%, the following should be considered:

* A total of 61 CUS were raised for NES parts commonisation. This was particularly important for HS
because it had to share the NMUK line with DC and therefore its NES parts. This was not the case with
original EQ development.

* A total of 87 CUS raised by NMUK Engineering on NTCE were rejected for reasons including quality and
temporary part application.

* 6 CUS were raised on NCAP 4* modifications (prior to inclusion in the HS NCAP programme).
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The reasons for raising CUS at each checkpoint and Trial Build are analysed below (Fig6.6).

Figure 6.6: CUS~Reason Analysis
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Notes on the Pie-Charts

These pie-charts explain why and when the CUS were
raised at a relatively crude level. Nevertheless,
analysis in this form gives one the basis of Kaizen into

the future projects

119



CHAPTER 6

6.3 STRS (Supplier Test Reporting System)

Another secondary measurement is the effectiveness of “right first time” testing. Supplier
Test Reporting System, or STRS, is a Nissan Global system, which requires the Supplier of
components to test them to a predefined system. The STRS system is a record of Supplier
information (after validation by Nissan Engineers) stating date of test completion, if it’s OK
or otherwise and finally receipt of the Test Report.  In the Hoshin Kanni, the strategy to
reduce STRS failure is given in Figure 5.2, Item 2.3, 2.6; Figure 5.3, Item 3.7; and Figure 5.4,
Item 4.2. In the first instance, the ability to achieve 2 high rate of successful component
testing at the earliest possible stage of the project was considered. Targets were set thus

and a high degree of emphasis placed on “Test by Design” or “Predictive Testing”.

Figure 6.7: Development Targets For STRS Performance

100% -

OK RATE

0% -

C-LOT (@ ET-MRD) ET (@T1 MRD) ET (@T2 MRD)

These development targets represent the final result of testing and reaching an “ok”
conclusion at each Trial Build. 'The timeline of testing varies, with some testing, such as

vehicle durability, lasting many months (longest lead-time test is 9 months).
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The results were as follows, being expressed against the time line of the project and against
the targets at the various stages. In reality, the tactic of “Test by Design” had a dramatic
effect on the improvement in OK test results at an eatlier stage than previously achieved.
This is in part due to the additional emphasis placed on the activity — testing was now
deemed to have a high profile and thus motivated the Test Engineers to improve on their
performance (similar to the Hawthorn Expetiments [Ref 6.1, Roethlisberger & Dickson,
1939].

As stated the resultant improvement in STRS testing against NDS was remarkable compared
with previous projects although finally missing the tough targets set for the later part of the
project. This is outlined graphically below: -

Figure 6.8: STRS Achievement Against time
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Comments On The Achievements Against Target

The C Lot STRS target was achieved 6 months ahead of schedule, primarily due to NTCE
reoccurrence prevention analysis at the Simultaneous Engineering stage and supplier

prediction activity.

Production STRS failed to meet the tough T1 and T2 targets, but achieved 2 100% OK rate

by Start of Production

[N] Denotes first time OK test results. That is to say, the lower line defines completed
testing with OK results and the upper includes NG (No-Good) results. By SOP, it is clear
that all tests must be OK and be 100% complete, although the target of this research was to
reach that condition by T2 MRD (to allow sale of T2 vehicles). This was not achieved

6.4 Vehicle Test DCS (Development Concerns System)
Likewise, under the auspices of reducing “Performance Failures” by 75%, targets were set

for Vehicle Testing timing and achievement rates, which are undertaken “in-house” at

NTCE. Again the results are graphed against their time line below.
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Figure 6.9: DCS - Development Control System (NTCE Testing*)
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Notes on the DCS Achievement against Target

C-Lot

NTCE’S C-Lot test schedule was delayed by late test vehicle and cut body delivery. The
affects of these delays were minimised by overtime, shutdown working and 24hr body
testing. Test status did not meet targets around the original Kaihinkaku timing (93%
complete 80%o0k rate). At the Kaihinkaku follow up meeting timing (11/12) NTCE met the
ok rate timing and almost met the completion rate timing,.

ET and T1

Did not achieve the targets at the time of the Kaihinkaku’s primarily because of limited test
time before the meeting. No significant concerns existed.

T2

Very slight misalighment to target due to safety and security items and delayed trim

environmental testing.
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The chart once again depicts the completion of testing in terms of “tests finished” and

“OK” rate.

ET Kathinkaku (End of Prototype testing)

CHAPTER 6

While DCS evolution is continuous, two points are noted for reference.

A target of 99% completion was not achieved (98% achieved) but a larger

gap also exists on the OK ratio, where 2 target of 92% OK was set (85%

achieved).

T2 Kathinkaku (End of Production Parts Testing)

A target of 100% completion was basically achieved (99.9%), but a small

shortfall in OK ratio (Target 100%, versus an actual of 98.6%).

This

created the need for vehicle rework and countermeasure development prior

to SOP.

DCS Testing is controlled by a Closed Loop Paper Report called NTi (Nissan Technical

Information).

These paper reports contain the Test Concern and in 5 Steps, its analysis of

root cause, the Design Action taken and the validation of the countermeasure at the next

Trial Build. The author was therefore able to make a comparison of “Performance

Testing” improvement by viewing the NTi information of EQ and HS. That analysis 1s

given below.

Figure 6.10 NTI ~ Analysis and Comparison of HS and EQ NTI

1) Reduction in NTIs from EQ to HS
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One is able to further analyse this by cause.

CHAPTER 6

An analysis was undertaken on each of the

NTi’s to understand the reason for the testing failure in-order to provide detailed

information and Knowledge to the next program. This analysis follows.

2) Breakdown of Concern Cause

HS Before handover to NTCE

build gualit Copy of CUS
g congg

.r/'

—— Reject 2%

HS After Handover to NTCE

build quality

ication T€iect /~ reject due to
@ : duplication 5%
b :

o cost
\\ \1 o 1%

Temp parts_ g pai
5% o
parts [
|}
qualkye parts quality
12%
closed by
design note
76%
total = 382 total = 283
EQ Before Handover EQ After Handover
other

3%

parts quality
14%

closed by
design note|

83%

total = 886

6.5 Trial Parts

closed by

design note
67%

total = 600

One could argue that in-order to undertake a full predictive analysis of a design, the total

development lead-time must be extending. Since the HS development lead-time was fixed

at 31 months, it is important to analyse parts delivery at the trial builds to ensure that

downstream procurement of material was not being compromised by upstream analysis.

Below are the material delivery curves for Clot and Pilot Plant.  Firstly the Clot analysis.
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Figure 6.11: Clot Parts Delivery Achievement Profile
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Also noted for cornpieteness are the Suppliers who were late (names deleted due to

commercial sensitivity), the description of the problem and the agreed countermeasures.

Again, this analysis is taken to allow future improvements to be quantified and also

demonstrates the PDCA cycle.

SUPPLIER MAJOR CONCERN DESCRIPTION COUNTERMEASURE
Supplier 1  |Poor manufacture of resin parts Better attention to detail. Off Prod Tool for ET
Names 2 Incorrect assembly levels & damaged parts Improve communication, regular project meetings.
gelmd due 3 Distortion due to welding. Poor location of spring | Improve Welding technique & fixtures
Commercia 4 Missing / incorrect parts fitted to assemblies Create Master sample for assy/ inspection purposes
1Sensitivity | 5  |Dimensional, Visual, and Design concems Work closely with supplier to improve all aspects
6 |Front Wiper System not to Drg or Design Intent _|Improve Quality Assurance & Attention to Detail
7 Missing parts and poor assembly. Parts removed for inspection, improve assy checks.
8  |Parts failed strength tests Parts redesigned and manufactured
9 Material incorrect. Parts not painted Parts reworked, Waiting for permanent ¢/m
10 Dimension, discrepancies between mating parts | Rework to match mating parts (Improve Tooling)
11 Missing parts, and incomrect part supplied. Add final visual checks prior to dispatch
12 Parts cracked and poor fit of assembled items No reply to Rank A,
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The same analysis for Pilot Plant Trial Parts deliver is given below

Figure 6.12: Pilot Plant Delivery Achievement Profile
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At Pilot Plant, the parts delivery profile is given above with main concerns given in the table

below:-
MAIN CONCERNS
SUPPLIER MAJOR CONCERN DESCRIPTION COUNTERMEASURE
Supplier —r 1 |Dimensional errors, and missing level 2 parts | Audit supplier and NETC QA workshop activity
Names
Deleted due 2 . . . . . .
to Incorrect Parts supplied and dimensional errors  |improve final inspection
gggﬁﬂﬁfyia‘ 3 | Damage, and dimensional concems. Audit supplier and NETC QA workshop activity
4 | Glue contamination poor build quality. Audit supplier and NETC QA workshop activity
5
Dimensional concems Ongoing improvement activity improve sub suppliers
g Incorect part and sharp edges Improve final inspection and build quality
8 Dimensional emors, NETC QA workshop activity
Dimensional errors and missing features Improve knowledge of NETC requirements
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Quality of parts at a trial are measured by a Rank system — Rank A being the delivery of
unacceptable parts, Rank B being in need of rework and Rank C being missing Paperwork,

etc. An analysis of parts quality at the C lot and Pilot Plant trials are given below.

Figure 6.13: Trial Parts Quality at C Lot

84 A RANKS @B RANKS [OC RANKS

0 =
w Supplier Names deleted due to commercial sensitivity -L

Figure 6.14: Pilot Plants Parts Quality

EARANKS OB RANKS [O0C RANKS OTOTAL SCORE(Inc. Rank D)

Supplier Names deleted due to commercial sensitivity
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At Clot and at Pilot Plant, the main delivery concerns are given in the two tables. This is
evaluated to determine the generic reasoning for delivery variance to Plan.
Figure 6.15: Component Delivery Variance to Plan at Pilot Plant
TOP 10 LATE DELIVERY REASONS GIVEN BY SUPPLIERS
Supplier internal manufacturing concern - 495
Late Design Note Release to Orig ETRS | l : 185 ‘
Quality concem at NETC i
Supplier external manufacturing concem
Quality concem at Supplier
Design Change D 4
Spiit delivery -{— 38
Insufficient Lead Time on ETRS Schedule — %
NETC request ! 33
Transport concem -—— 27 ‘
0 50 100 150 200 250 300 350 450 500
NO OF PARTS

Figure 6.16: Pilot Plants Parts Quality
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Finally, for completeness, 16 parts wete not available at Pilot Plant build, thus delaying build

for several days and ultimately slightly delaying vehicles being handed-over to Test

department — Causing a delay of testing.

Figure 6.17 Missing Parts at Pilot Plant Build (extract from Internal Report)

Responsibiity NETC System
No. | em Missing | Cause Countermeasure NTC NETC Parts
L4
y 5 Door ~ C-Lot. No European parts were developed 1o reduce costs. N1C od "
1| eard 1| did not order parts for Pilot Plant, B e 2 oty of Pl Pant level parts are o . v
3 Door - Only LH parts were ordered for Pilot Plant. ' :
2 | sill Spoiler 2 v
3 Splash Guard 4
Grommet
Splash Guard
4 ps 5 L4
Bumper Side
® _| Spoller N Copy Part shouid have been ordered by NTC hd ’
Door inside - NTC to procure part for Pilot Plant retrofit.
6 Handle 7 L]
Escutcheon
Door Lock
’ Switch 8 [
8 Inr Kicking Plate [ [
9 Fuse remover 10 0
10 [ Navi. ﬁisglay 12 ®
Domestic C-Lot judged NG for Europe. NETC redesigned the part for Pilot .
11 | Seatbel Holder 13 Plant timing. 4 triai parts procured by NETC for a PP joint check activity. Dry fit parts were procured for Pilot plant. [o] ]
12 | RR 12V Socket 14 o “;‘_’:"':f was on time. Part did not contain the KD socket. This was 8 | 1000 oo bartner supplied part for retrofit. .
13 gb:;zw Key 16 Copy Part should have been ordered by NTC. NTC to procure part for Piot Plant . "
14 | SeatBetBuckle | 17 f&z‘:ﬁxmﬁ‘;‘ seatbelt buckies. NETC ordered the buckles to | £y, parts procured for Piiot Plan . v
(Ref. JL6402: A/Line ref. 13114366000).
02 e Copy Part should h: 3 -
s Hame:: glamp 18 Py Part should have been ordered by NTC NTC to procure the part for Pilot Plant retrofit. °
NMUK used KD batteries for the Pilot Piant to save costs. European "
Battery Stay and . " y ) KD Clamps used for Pilot Plant.
16 Clamp. 18,20 :;n:x;‘ have a different clamping method; the stay and clamp as supplied Design condition to be applied for ET. Q Q
Key
® Prime Responsibility
QOSecondary
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6.6 Resource Report
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Finally, the primary reason for the whole improvement exercise should not be forgotten, i.e.

To achieve a 40% reduction in resource expenditure compared with EQ. The raw data,

detailing variance against budget is given below. It should be remembered that in the final

analysis “apples and apples” must be compared.

Figure 6.18: Vehicle Design Division HS Project Variance
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The zero line is the budget set at —35% below that of EQ. The plot is the variance to
budget by each department on a month-by-month basis within the direct Engineering

departments for all works “booked” to HS.

In order to reconcile a like for like analysis, “non budget” content has been removed from
the expenditure. The effect of doing this allows the direct budget to be compared with the
actual result. The actual budget was set at 2 35% reduction level compared with EQ,
(although through-out this report a target of 40% assumed). Had the budget been set at
40%, then we can conclude that since a 43% in development resources was actually

achieved, then the primary goal (See Chapter 4.3.2) of the Thesis has been achieved.

Figure 6.19: Corrected Resource Expenditure Analysis
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Notes on the Resources Spend analysis

Jan-Sept 96 - Overspend associated with pre planning, particularly setting up the FAST D
standard practices. This is worthy of note, as often in similar projects, set-up costs are
considered as “One-Time” costs and excluded from the costs of the first project and taken as
a simple overhead (amortised across many projects). Since NTCE is funded directly from
Projects, then no spare “Overhead” budget existed, thus the improvements to win the project
had to be included within the project itself.

Jul 97-Mar ‘98 - Manpower spent during the C-Lot release phase of the project exceeded
plans.

Sept - Dec 98 - Pilot Plant became a full vehicle build (primarily to support NTC Test). The
PP releases require significant amounts of unplanned resource.

Jan -Mar ‘99 - Pilot Plant support and pre handover work off-set the peak planned for
handover in April 99.

May - Dec ‘99 - The hand over condition did not meet targets, particularly cost and NCAP

4*. VKO overspent resource to realign the project with these key target.

6.7 Reflections and Conclusions

The analysis in this Chapter demonstrates the over-achievement of the 80% reduction in
Design Change and even its achievement at a more severe measurement level. While it’s
always necessary to achieve the primary target, one must always look at the evolution
towards the target and in the context of RFT Design, the status of achievement of the

secondary measurements and targets.

First and foremost, the achievement of the Design Change reduction was achieved in spite
of some components / Suppliets actually changing the design more than 3 times. For the
future, one must analyse the reasons for this and what actions can be taken to significantly
resolve the drivers of design change. The author can provide anecdotal reasons at this
stage, but in reality, the same analysis carried out under FASTD at the start of this research

needs to be undertaken again as a result of HS, diving perhaps into this level of analysis.
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Reviewing the Secondary targets individually

a) Workability

Workability was always the “big” concern to solve, based on the previous analysis. The

CUS reduction target achievement of 59.1% was finally short of the targeted 75%.

However, the following points should be considered:

i) A total of 61 CUS were raised for NES parts commonisation. These are primarily

fixings, such as screws, bolts and nuts to a given “Nissan Engineering Standard”.

This was particularly important for HS because it had to share the NMUK

production line with DC. This was not the case with original EQ development.

ii) A total of 87 CUS raised by NMUK Engineering on NTCE were rejected for

reasons that including quality and temporary part application.

iii) 6 CUS were raised on NCAP 4* modifications (prior to inclusion in the HS

NCAP programme).

It’s also worth noting the comments of the Manufacturing Engineering Director of
NMUK, who stated at the completion of SOP that “HS was launched in a better

condition than EQ” inferring that CUS raised on HS may not have been raised on

EQ.

Some of the improvements that might be considered for the future include .

2)

b)

9

Further refine the planning process by feeding HS (and HM) concerns into
future planning drawings.

NES rationalisation CUS can be minimised by plant setting a clear policy on
NES at the planning stage (e.g. DC=HS)

Design mismatch and foul concerns should be further minimised by optimisation
of the DMDR process. By that, it is meant the process of Design Reviews at
the early Planning stage in combination with the 3D CAD Model (extension of
CAPE methodology and reinforcement of Design Reviews - See Appendix)

The factory could involve Material Handling to a greater extent during the

planning phase to reduce part identification concerns.
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e) The Factory could set up ‘special activities’ to enhance early feedback to repeat

concern items such as water leak that are difficult to 100% predict by Design.

b) STRS

STRS really exceeded all expectations meeting the Clot target 6 months early and
reaching 100% OK at Start of Production. The question for the future is really one of
sustainability of the processes established at HS.  There was a huge focus on “Test By
Design” and these processes where embedded into the Purchase procedure. The risk
for the future is in ensuring that these processes remain embedded as Nissan more

closely integrates its development procedutres in-front of the supplier, with those of
Renault.

c) DCS - Vehicle Testing
1) C-Lot - NTCE’s C-Lot test schedule was delayed by late test vehicle and cut
body delivery. The affects of these delays were minimised by overtime,
shutdown working and 24hr body testing. This recovery should be considered
as exceptional.
Test status did not meet targets around the original Kaihinkaku timing (93%
complete 80%ok rate). At the Kaihinkaku follow up meeting timing (11/12)
NTCE met the ok rate timing and almost met the completion rate timing.
i) ET and T1 Trial Builds- Did not achieve the targets at the time of the
Kaihinkaku’s ptimarily because of limited test time before the meeting. No
significant concerns existed. |
iif) T2 Trial Build - Very slight misalignment to target due to safety and security
items and delayed trim environmental testing.
Some of the points that should be highlighted both for comment and

improvement for the future include.
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The number of NTIs raised on HS are significantly less than for EQ for the

following reasons

e Clearer handover (both for test and design groups)

e Emphasis on recurrence prevention

o Simultaneous engineering activities e.g. planning drawing reviews with design,
test and NMUK

e The large number of post handover EQ NTT’s, were due to safety, security and
marketability concerns (~300).

e EQ diesel development was neglected which created several concerns after

handover.

Finally, for the sake of the measurement cotrectness, the resource evaluation makes
correction to ensure that “Apples are measured with Apples”. This is right and proper in
the rigours of this Thesis. However, one must note that the additional problems of NCAP
target change for example, did indeed happen and created an overspend against the original
development resource target. The effect of these “Surprises” cleatly impacts on the
bottom-line of the company and can be simply atttibuted to bad planning. They therefore

also represent an area of opportunity for further improvements in the future.

In reflection, the quantitative measurements have shown that the headline targets set out for
the research have been achieved.  History repeats itself in the context of a stable process
and we can use that fact to make reasonable predictions on how to avoid similar design
changes into the future.  In addition to the ptimary measurement, it’s useful to have a
number of secondary indices that allow one to judge the health of the project along the way
and before it is too late to change it. What we can derive from these secondary targets are
clues for further improvements. Especially if one views the areas of chronic concern, for
example Headliners or Radio’s, where many design changes can be observed as well as late
deliveries and test failures.  This undetlines the need to continue with the COGENT

initiative ( a part of the Hoshin Kanri) to improve Supplier performance.
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Key Learning Points

1) Forecast methodology for predicting future design changes, based on
historical analysis from the past is accurate at least on a macro level

2) Certain components and systems have a chronic concern and appear to
need multiple design changes on every project

3) A reduction in design change does indeed cotrelate with a reduction in
resources expended in a given project, but corrections for project content
have to be carefully considered from the start to allow “Apples and
Apples comparisons”.

4) Weekly Reviews on Primary and Secondary Measurements are mandatory

to the successful implementation of RFT Design.

One must also note that any project review needs to investigate the qualitative aspects of the

project as well as the quantitative and this aspect is explored in the next Chapter.
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Qualitative Findings

The research until now has relied heavily on analytical analysis, using statistics from previous history and
quantitative records from the project. From the quantitative point of view, the largets where achieved,
but it is also interesting to look from the qualitative perspective to discover how the people performing the

project view the successes and to see whether the quantitative data is truly a reflection of success.

This analysis has been undertaken by a review with the Managers in the organisation and wusing a
technique adapted by the author from Kano’s T Matrix. In this instance, the author asked the
Managers what they perceived as issues through the HS project and to analyse their issues on the T Matrix.
Because the author had heavily influenced the direction of the project, a second researcher (Mr Jobn Austin)
was used (under the guidance of the author) to conduct the interviews and whiteboard analysis — parts of his

report are re-printed here with his kind permission.

Transcripts of extracts from the Interviews are contained in the Appendices. To the author’s best
knowledge, the use of the adapted T Matrix for post project analysis is quite unique, but it is certainly
useful in communicating results and has now been used to disseminate the project outcomes in several public

Jforums.
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7.0 Qualitative Methods
The aims of the qualitative fieldwork were to support the quantitative findings and create a
dynamic image of the organisational impacts of RFT. This view is supported by

management research writers:

“..[T]he best way to elicit various and divergent constructions of reality that exist within the
context of a study is to collect information about different events and relationships from
different points of view.’ [Ref 7.1. Erlandson et al 1993]

NTCE made it possible to interview a 47 of key managers and staff from different parts of
the organisation enabling a deeper insight.  After establishing the key issues, further
Interviews were established with 4 key Managers to gain a deeper understanding of their
experiences — the Transctipts of which are contained in the Appendix. It was felt that

their experience and insights into RFT would be richer than those more passively involved.

The concern areas used as case studies were:

e New Car Assessment Programme (NCAP): Target change and countermeasure activity.
e Vehicle Attractiveness: Tatget change and the creation of Unique Selling Points (USP)
¢ Pilot Plant: A schedule change with the addition of another trial build.

The detail of these issues will be described in the results section of this chapter. It was
felt that it was best to concentrate the qualitative research tool on these three areas in-order

to give the author the best contrast to the appatent successes seen in the quantitative

findings.

Individual and group interviews were held with an inclination towards open questioning
followed by ‘explanatory probing’ [Ref 7.2 Easterby-Smith et al 1991].  This was in an
attempt by the author to limit interview bias. The style was chosen to maximise the
informants’ description of expetiences with an emphasis on systemic issues, perceptions,
values and attitudes. This semi-structured format also enabled the interviewees to discuss

issues unanticipated by the author.
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The following interview agenda was loosely followed:

1. Presentation of the dissertation purpose and objectives
2. T- Matrix discussion:

a. Concern creation and incubation

b. Concern detection

c. Problem solving issues

d. Implementation of countermeasures

7.1 T-Matrix

The discussion of item 2 (a-d) was formalised and graphically represented on a whiteboard
by the “T-Matrzx’.  This tool was adapted for use in this research context and is used to
communicate the dynamics of concern creation and resolution.  For the purposes of this

study the matrix can be considered a Ypic guide’, a résumé of the main areas of interest [Ref

7.2 Easterby-Smith et al 1991].
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Time
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45°

Concern should have been found

Time

Figure 7.1 — The T-Matrix (Source: Nissan)

In effect the T-Matrix represents four time graphs, grouped together to split the concern

resolution process up into four distinct phases (Figure 7.2)

The author notes the use of the term “should” (in the context of e.g. “The concern should
have been found”) on the graph above. In theoretical abstract, the concern should be
found at the same time that it is created (thus on the 45deg line). However, in this
context, a pragmatic approach is taken, assuming that when an engineer creates a concern
in design, the first time that it is usually found is at the first build or test where the concern

1s applied.
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Figure 7.2 — The T-Matrix Zones

A completed T-Matrix represents any time delays in a2 concern resolution process as
deviations from the ideal 45° lines, making them obvious and thereby encouraging
discussion. Its use in Nissan is appropriate because of its fit to the culture of graphical

presentation, inevitability in a2 combined Japanese and Western company.

A completed T-Matrix is shown in Figure 7.3. As a concern and resolution process
develops, the key events (stars) appear to spiral outwards as the process faces inevitable
delays. These delays are represented by the arrows in Figure 7.3 and present a point of

discussion in the qualitative analysis of RFT.

142



CHAPTER 7

Time

A

$

1 o - e e

- "

HE

5 *

3%

HE

E|§

!-.z 0

i3

£ 45

s

=]

o

‘ C e was d

Time «

p— "
¥ Time
Concern was creale.

45°

AN

Concern should have peen found

Time
This represents the time-lag
resultant, between finding a
concern and establishing it’s

countermeasure. Zero Design
Change, means zero lag!

Figure 7.3 — The Dynamics of the T-Matrix

7.2 Qualitative Analysis — Interpretation and Limitations

Full transcripts where made of all the interviews (with the assistance of Mr John Austin). In
addition, the T-Matrices generated were copied along with the issues recorded on
whiteboards to stimulate discussion. The transcripts and whiteboard notes have been
presented in tabular form in the Appendix. From this information the key points were

extrapolated to enable summarisation in Chapter 6.
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Fieldwork

Findings
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Key Points -
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Results Chapter 10

B Collate Data

Figure 7.4 — Schematic of Results Collation

Although this interview process provided some excellent data, there are a number of

possible limitations that should be borne in mind:

The interviewees were primarily from the development part of the organisation and

could only offer opinion in relation to other functions.

The participants were selected because of their involvement in a concern process. Their

opinions may have been clouded by some negative experiences.
The analysis was retrospective and interviewees may not have remembered all issues.

The study requested public access to private experiences, which may cause the

interviewees to ‘hold-back’ [Ref 7.2 Easterby-Smith et al 1991].

The influence of the author, (mitigated somewhat by use of independent researcher

John Austin).
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7.3 Interview Investigations

The aim of this chapter is to present the results of the concern interviews used to review
the impact of the Right First Time research at Nissan. The following three case study type
topics were carried out at NTC and NMUK in July and August of 2001:

- NCAP

- Attractiveness

- Pilot Plant

Each section contains a brief description of the development concern before presenting
the T-Matrix and summary of findings generated at the meetings. The findings are

presented as bullet points for simplicity.

7.3.1 Case No.1 — “NCAP” [“H[]

AP

7.3.2 Concern Background
NCAP stands for New Car Assessment Programme, which is an independent (and

unaccountable) body that tests the safety of popular new vehicles. The areas they test
include front and side crash tests, pedestrian impacts and additional safety features. Based
on the vehicle’s performance in their tests, NCAP publish results in the form of a ‘star
rating’. ‘5 Stars’ is an excellent safety test performance and ‘1 star’ is a poor test
performance. Higher ratings are more difficult for 2 manufacturer to achieve but can
offer them marketing benefits. It should be stressed that these tests do not correlate with

the legal safety requirements that all vehicles must meet.

Euro NCAP provides motoring consumers with a realistic and independent assessment
of the safety performance of some of the most popular cars sold in Enrope.’

(www.euroncap.com)

At the planning stage of Almera the product planners decided that 3 star’ was an
appropriate target for the car.  Although the technical people requested a ‘4 star’ target, ‘3

star’ was judged to be a suitable compromise between difficulty and marketing benefit.
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In 1998 (around the C-Lot timing) NCAP tested the old model Almera with a poor result.

This impacted on the vehicle sales and Marketing became aware of the importance of the

NCAP rating. Because of the sales impact, the product planning department decided to

change the target to ‘4 Star’, prior to ET, the next trial.

numerous changes to the body and trim parts.

An important facet of this target change is the way in which the technical changes were

This target change required

evaluated. In the absence of correlated simulation models, the company needed to develop

the countermeasures by carrying out iterative crash tests with scarce prototype vehicles.

The development was ultimately successful and the vehicle achieved a ‘4 star’ rating when

tested. This next section details the group interview results with the Nissan managers

responsible for the body design and safety system development.

7.3.3 Summary Interview Findings and T-Matrix
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Figure 7.5 — NCAP T-Matrix
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From a pragmatic point of view, one cannot simple blame Product Planning for not
recognising the importance of NCAP — The whole industry was caught out, notably
Rover with Metro, who received a 1* award and subsequently had to stop production of

the vehicle.

Zone 1 - Creation, Incubation

e The change of a major target caused disruption to the programme.

e A conservative level of competitiveness was selected despite some disagreement.

¢ The product planners were not expert at understanding the European market.

e Nissan was an engineering led, not market led organisation.

e The company is not resourced for research, it is resourced to be a product delivery
company.

e Hard information was required to justify a change. Often this is difficult to get, delaying

the decision.

Zone 2 - Detection

e The organisation was not expert at simulation; therefore it was difficult to predict if

some items were right first time.
e This technique results in over engineering in some areas. Under engineering in others.
e Technical people lacked data to make informed decisions.
¢ Design techniques did not support design simulation techniques.
e The company was not resourced to do simulation work.

e Nissan has a flexible and committed workforce.

Zone 3 - Problem Solving
¢ An inability to predict meant iterative test loops that used up time.
e Production aggression to meet the schedule was evident.

e Technological progress was at odds with the culture of Kaizen. “If it didn’t work, its

not the way forward”.
® Young /junior staff did not want to push tisky things, deferential culture.
e Ultimately end up with one solution, the same as last time.

¢ Organisation (people) was very fast to respond.
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Zone 4 - Implementation

e The factory exerted strong influence on vehicle content (to meet the schedule and
quality).

e The factory panicked, they were under pressure to deliver quality on time.

® Factory people displayed aggression.

e Design was in the middle. The Factory wants simplicity; the market wants complexity.

e The factory was stronger, but this is changing.

e The company emphasis was on delivery, not learning.

e The company is staffed to deliver, no slack

e There is a culture of ‘busy, busy’ does this stifle creativity?

7.4 Case No.2 — “Attractiveness”

7.4.1 Concern Background

Prior to the July 1997 model freeze, Nissan had benchmarked the New Almera against a
number of vehicles from tival manufacturers. These included the VVolkswagen Golf, the
Audi A3 and the Peugeot 306. Against these products Nissan had decided the vehicle
concept was competitive. Mid-way through the programme (eatly 1998, prior to the
C-Lot trial build) Volkswagen launched the New Go/f and Ford launched the Focus. Both of
these vehicles raised the bar in what Nissan would call “attractiveness”, a2 measure of how
appealing the customer finds the vehicle and its features. Nissan was in the situation
where it had a product for launch in 2000 that was uncompetitive in 1998.  Clearly to

assure sales, Nissan had to modify its original concept in spite of the RFT philosophy.

A team of engineers, stylists and marketers were tasked with developing features that would
“Lift” the car. The strategy employed was to introduce Unique Selling Points (USPs) to
offer “super utility” to customers (Figure 7.6). The next section details the interview

results with the project manager responsible for developing the “attractive’ features.
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Cup Holders

Figure 7.6 — Examples of ‘Unique Selling Points’ on Almera
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7.4.2 Summary Of Interview Findings and T Matrix
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Figure 7.7 — Attractiveness T-Matrix

Zone 1 - Creation, Incubation
® Product planners accepted the vehicle concept, knowing it wasn’t market leading.
e Marketing didn’t anticipate the progress that the competition would make.

® The early styling renderings were not always truly representative of the finished

product.

e Capital for production tooling was committed before Marketing saw representative

vehicles.

e It wasn’t an issue of national culture influence (often sighted as a cause of
conservatism). European and Japanese staffs were involved.

e Meeting the schedule seemed to have priority over the design.
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Zone 2 - Detection

The tools available to simulate the finished vehicle were limited.

The first prototype cars were “rough” and masked the problem

The culture encouraged progression of the schedule at all costs.

Commitments meant that there was no option to go back to the drawing board.
A company culture of “you signed it off, therefore it must be OK!”

The culture encourages individuals to subdue opinions at odds with senior people.

Zone 3 - Problem Solving

The team sought to identify customer needs.
They considered how customers used their cars, what they valued.
The focus was on what could be done, small things.

Small changes were an easy way to pacify detractors

Zone 4 - Implementation

Introduction of the countermeasures was delayed by getting representative parts that
people could judge. A possible countermeasure to eatlier problems with

non-representative parts?

If it is not right, it is very hard to change.
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7.5 Case No.3 - “Pilot Plant”

7.5.1 Concern Background

After the vehicle design has been approved the large body tools are manufactured in Japan.
This stems from the long relationships Nissan has fostered with its Japanese tool
manufacturers. These tools require shipping to the UK because they are too heavy to fly
over, creating an inevitable delay. To minimise the effects of this delay, Nissan builds
bodies to test the tools prior to shipping, it is then able to consider any concerns whilst

they are on the water. This body build is called Pilot Plant.

At the planning stage of the Almera programme, this build had little influence on the
schedule and little impact on the Design group.  After the C-Lot trial the Test department
of NTC decided it wanted a number of these bodies to build into working cars. Their
objective was to confirm body durability by pounding them around a test track. Their

quality was unimportant, they were just “bodies that ran”.

At the same C-Lot trial, the manufacturing engineets had been unable to confirm some

build and workability issues because of the extensive use of ‘tapid prototype patts’.

These parts were frequently fragile and simulation of the production environment was not
possible for fear that they would break. To countermeasure this the factory requested
that Pilot Plant was re-designated a trial build and that problems from C-Lot be addressed

in it. In effect it created an additional trial iteration.

The result was a logistical nightmare as parts were flown over to Japan without a firm
procedure for confirming level and quality. Some parts had changed from C-Lot and
some were the same, this meant the vehicles did not go together well and overall quality
was poot. This caused ‘phantom’ concerns and possibly distracted resource from real

issues.

This next section details an interview with the former Development Manager, now a

Production Control Manager at the factory.
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7.5.2 Summary of Interview Findings and T Matrix \
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Figure 7.8 — Pilot Plant T-Matrix

Zone 1- Creation, Incubation

¢ An unplanned change to the schedule caused disruption of the project.

e Production wanted another iterative loop. They were unhappy with RFT because it
didn’t give them enough opportunities to prove the process.

e Poor quality prototypes at C-Lot distracted attention from key issues.

.

The factory’s opinion took precedence over design. They were stronger.

The main priotity was meeting the production launch date with the required quality.
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Zone 2 - Detection
e Rapid prototype parts broke at the C-Lot build. They were unrepresentative and
production engineers were unable to consider the process issues.

e Rapid prototype parts wete used to save time and cost, but they were not functional, a
key issue with the C—Lot build is functionality.

Zone 3 - Problem Solving
e NMUK’s revised schedule didn’t fit into the programme, but the build still went ahead.

e Pilot Plant effort caused a serious disruption to the programme.

Zone 4 - Implementation

e The solution to the problem of parts procurement was unsatisfactory for both sides
(NTC and NMUK).

e The value of all this activity is unclear. E2 Build was much better, but was it always

going to be so?

7.6 Conclusions

These qualitative findings are useful in giving a complete evaluation of the research.

The research achieved its aims, yet had 3 very significant concerns, which could easily have
been overlooked by the author — simply discounting them as incomparable with the EQ
and DC benchmark and target. Nevertheless, it is a fact that in any vehicle
development, there are “Surprises™. In this case, we even allowed for them in the

planning, under the auspices of “Attractive Quality”.

The T-Matrix is useful in the evaluation of these Qualitative areas.  They help direct and
guide conversations and jog memoties.  Moreovet, they allow qualitative problems to
become quantitative ones; and in an organisation that is underpinned with TQM, that 1s

one huge step in creating a sustainable countermeasure for the future.
In a process in which delay / time is critical (not the same as Kaizen of the working

Production System) the time dimension of the problem solving process is also critical.

The T Matrix delivers this need in an accessible way.
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Conclusions from the Research in the Case Company and

Applicability to Other Companies

The purpose of this Chapter is to consider the Quantitative and Qualitative results from the
Case Project with a particular emphasis of areas for improvement by critical analysis.  The
author will then put forward “14 Rules for Right First Time Design and Development”, which
could arguably be applied to any Product Development project

In support of this hypothesis, the 14 Rules will be “Yested” in two alternative organisations of
significant engineering reputation, outside of the Automotive Industry.  This will assess their
readiness to adapt the principles of RET Design

The farst company (ABC Co 1.td), is a global developer of Electro-Mechanical devices, deployed
on the high streets around the world and required by their nature to be highly reliable and
durable

The second company (XYZ Co Ltd), is a famous Engineering company employed in the

development and manufacture of aero-engines. By their nature, these aero-engine components,

must be highly reliable and durable, but also competitive.
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8.0 Introduction

Chapters 4 to 7 have desctibed in some detail the culmination of the “Action Based

Research”, through a whole vehicle development program between 1996 and 2001.

The researcher, through this program was able to test his theories, based around the

principle that a reduction in Design Change, or Right First Time Design, would

ultimately lead to a more efficient and lower cost of development.

A number of unique and novel propositions have been highlighted, some listed below

)
2)
3)

4

5)

6)

7)

8)

A more detailed definition of the “glibly” used term “Right First Time Design”
A linkage between the key facets of TQM and RFT Design.

The usage of Hoshin Kanri as a tool for the “Change Agent” and the importance
of analysing historical data to predict future improvements to be made through
Hoshin Kanri deployment.

An illustration that there is no “one strategy” to implement RFT Design, but a
continuum of tactic linked together by TQM methodologies and deployed by
Cross-Functional Teams having a common objective.

Determining the importance of closed-loop development controls, to ensure that
a robust history of previous project design changes are readily available for
analysis.

Using Design Change as a financial tool, to demonstrate a Return on Investment
for the tools required to actualise the reduction in design change. ILe. Using
historical data to determine the cost of one typical design change.

Analysing, through a live project, the effectiveness of the tools determined‘
necessary to reduce design change.

Analysis of the assumption failures on a “T Matrix”, to ensure a “Kaizen”

approach to the next project

The results from this thesis have ultimately allowed the author to determine “14 Rules to

Reduce Design Change in a Product Development Program”. However, before

determining the rules, it is necessary to take a critical review of what was and was not

achieved through the case project.
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The aim of this chapter is to review the implementation of Right First Time Design on the
Nissan Almera using the findings of the fieldwork and the subject literature reviewed.
The discussion will seek to determine RFT’s effectiveness by exploting the attributes and

limitations demonstrated throughout the project.

8.1 Right First Time — To Reduce Development Lead-times

Blackburn [Ref 8.1, 1992] described product design and development as a Yarges rich’ area
for time compression, and it is this evaluation that Nissan sought to apply with RFT.
Through the application of TQM, knowledge management, and computer-aided
engineering they were able to slash 9 months off the development petiod, representing a
reduction of 22.5%. Simultaneously the company was able to reduce the number of
design changes by a dramatic 80%. This not only saved development resource but also
the costs that would normally have been incurred modifying tools. Perhaps most
importantly, in a climate of great financial difficulty for Nissan, all this was achieved

without significant capital investment.

Although the quantitative findings demonstrate a significant achievement, they also point
to areas where the product delivery phase could be further improved. Firstly, an analysis
of the individual design changes show that a significant percentage of them were caused
by modifications to the original vehicle specification. This can be correlated to resource
spend to show that 40% less manpower could have been employed if the specification
had remained static. Another area of opportunity is the fact that the majority of the
parts that changed also required three or more change iterations before production. This
implies that once the RFT rules’ were breached they ceased to be adhered to. This has
parallels to Stalk & Hout’s [Ref 8.2, Stalk, G.Jr.1990] third phase of time-based

competition, namely ‘sustaining the improvement’.

A second area, highlighted for improvement during the T Matrix intetviews, was the
need to improve the company’s ability to simulate, using computer aided engineering
techniques (CAE). Nissan managets wete critical of the company’s CAE capabilities,
indicating that it had fallen behind its major competitors. One explanation of this
phenomenon has its roots in the company culture of Kaizen. Early technology trials had
been unsuccessful, and the company had partially rejected their application:
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“...[T] hese systems have developed a lot in the last 5 years. There was a
suspicion in NTC that if they didn’t give you the answer you were looking for
then it wasn’t the way forward...This is a company culture issue, if something
doesn’t work, steps are taken to make sure the path is never trodden again.”

Nissan Manager (2001)

Catlos Ghosn [Ref 8.3, Ghosn. C, 1999] announced that the NRP (Nissan Revival Plan)
includes the introduction of more effective and powerful CAE systems. But there may be
an organisational issue that needs addressing. The Kaizen tenet of Plan-Do-Check-

Action may need to have a ‘Check Again’ step added in times of techﬁological advance.

An analysis of the resource spend profile shows that the overspend generated by the
changes from the original specification happened late on in the programme. This
changed the shape, from the ideal ‘front-loaded’ profile, to a more conventional project
shape. This deviation from plan was heavily influenced by the major concerns analysed
in this dissertation: The target changes of NCAP and ‘attractiveness’, and the schedule
changes caused by the re-designation of the Pilot Plant as a trial build.

The opinion within the development company, NTCE, was that these issues were
outside their control. The marketing function should have specified the right targets at
the outset, and the factory should not have forced a schedule change mid-way through
the programme. What is evident though is that RFT was a development company led
initiative and the implications of such a dramatic change were not fully appreciated or
acted upon by Marketing and Production. This led to a situation where Design staff felt
pressurised and %z the middle’ - implementing late changes to satisfy market requirements
or resist them in order that the factory could stabilise its process and quality. In essence,
Stalk & Hout’s [Ref 8.2, Stalk, G.Jr.1990] first phase, the ‘development of a vision’, was not
complete, the concept was not universally accepted throughout the Nissan organisation.
This lack of shared vision and common long-term planning was highlighted in the NRP

by Ghosn as a key area for future improvement.

The roots of these internal differences of direction lie in the pressures that different parts

of the organisation were under. As Robertson [Ref 8.4, Robertson, T.S. 1993] pointed
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out, product development speed was only half of the time-based competition picture, the
other half was penetrating the market quickly. The monthly sales figures show that full
sales potential of the car was reached within 3 months of launch, demonstrating the
efforts of marketing, and in particular the factory staff. The factory had to ramp-up its
production speed very quickly in order to fill these sales requirements and also build the
stock levels to satisfy national distributors. This placed them under significant pressure
to achieve their process and quality targets prior to launch, in spite of the reduced

schedule and late changes.

It was partly because of these pressures that the factory pushed for a change in schedule,
the re-designation of the Pilot Plant as a ttial build. This schedule change fell outside
standard processes and requited significant efforts on the part of NTCE and NMUK to
even build the cars. The quality of the trial vehicles was very poor because different
levels of components were used, deviating from Turner’s [Ref 8.5, Turner J.R. 1993]

tenet of concurrency - trict change control.’

“There should have been a retrospective analysis of what they achieved with
all this effort at Pilot Plant. At ET [the next planned trial], miraculously the
level of the cars got better and everybody patted themselves on the back.”
Nissan Manager (2001)

This change of build schedule, instigated by the plant, demonstrated the influence and
power of the factory throughout the programme. Meeting the production schedule and
start of production date was of paramount importance, sometimes at the cost of the
product. The product attractiveness T-Matrix analysis showed that changes were limited,

partly because of these time constraints:

“We only made little changes, add-ons to the original concept. Little
things to lift it up... There probably wasn’t the time or money [to do
anything more drastic].” Nissan Manager (2001)

All the managers interviewed for this dissertation point out that, post NRP, the strength
of the factory is diminishing, the whole organisation becoming increasingly market

focused.
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The changes proposed by Marketing in the late stages of Almera show that they had not
taken cognisance of the implications of RFT. By definition RFT does not accommodate
the design iterations of conventional programmes. It forces the Marketing function to
get it correct, but it brings these critical decisions closer to the launch date. On this
programme, Marketing agreed to a product that was just competitive based on the
competitor vehicles in 1997. Progress in the market meant that significant target changes
for NCAP and attractiveness were requested late on in the programme. This not only
put the design and factory functions under great pressure, but also mitigated many of the
benefits of RFT.

To apportion blame for the RFT concerns at the doors of Marketing and NMUK would
not give a balanced view. The T-Matrix interviews raised some key issues with the
development process that contributed to their problems. One of the first key decisions
is for Marketing to accept the styling and product attractiveness based on drawings and
clay models that are not always truly representative. This differs from some other
manufacturers who build a completely representative model to base decisions upon.
This of course costs additional money but should not impinge on the development lead-
time because it is an up-front activity. An alternative stance is that taken by Toyota.
They build several working prototype vatiants, allowing their product planners to decide
which is best, based on current market information [Ref 8.6, Watd et al 1995]. This

would present a significant development cost increase over Nissan’s methods.

An additional concern was identified with the objective of the first working prototypes.
Nissan builds these cars (at C-lot) with the primary purpose to evaluate the product’s

performance, not its aesthetics.

“Quite often the early cars are “quite rough’’; its difficult for Marketing to
judge them...parts aren’t grained and some features are missing.”
Nissan Manager (2001)

The quality of the first prototypes was also raised as an issue for the factory’s
manufacturing engineers. For Almera development, Nissan made extensive use of ‘rapid

" prototype parts’. These are components that can be manufactured quickly and cheaply
(to assist RFT targets) but do not have the same properties as true prototype patts.

Extensive use of resin components did not enable the factory engineers to confirm the
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true process for fear that they would break. This inability to check the process reduced

confidence and influenced the factory’s need for another iteration, Pilot Plant.

The development company’s ability to get the design right first time was demonstrated

by the spectacular reductions in the build and petformance concerns raised on Almera.

In spite of this, the qualitative analysis for NCAP showed that the company was not

always able to simulate complex petformance issues. This is not only related to the

company’s CAE capabilities, discussed eatlier, but also its expertise and resource. The

managers interviewed believed that the company was resourced to deliver the product,
and insufficient effort was applied to organisational learning and the development of n
competencies. This was demonstrated during the NCAP concern. An inability to

analyse the root cause of the concern led to a step-by-step solution process.

“We do have a tendency to analyse individually each of the symptoms
rather than the root cause... There has never been a good simulation
model, there wasn’t the resource or knowledge in NTC to carry one out.”
Nissan Manager (2001)

This weakness in simulation capabilities will inevitably lead to cost penalties for the
company in the long term. In some areas, the “tight’ in right first time will include a
safety margin, or over-engineeting creating a penalty in the component costs. In the
other areas where mistakes are made, costs will be incurred through delays and the
additional costs to put it right. The NRP specifically identifies the weakness of over-

engineering at Nissan and seeks to target this by improving design capabilities.

‘Our target [NRP] is to develop and optimise our Research and
Development capability...” (Ghosn 1999)

A weakness of creativity and innovation was raised by the managers involved in the
NCAP and attractiveness issues. These were risks highlighted by Choperana [Ref 8.7,
Chopetena , A.M, 1996] and Cohen et al [Ref 8.8, Cohen, M.A., Eliashberg, J., Hua, T.

1996] in their evaluations of time-based competition and selective innovation. The

ew

Nissan managers blamed the way the programme was resourced with %o slack’, but it may

also stem from aspects of the company culture:

‘(1ts] a culture of “busy, busy”. If you re doing anything creative,
people turn round and say “that guy hasn’t got enough to do...you
should be doing A,B or C”’’ Nissan Managers (2001)
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The ‘stretch’ method of resource allocation also created pressures later on in the project
when the workload associated with changes started. Nissan expected, and received,
significant commitment from its employees to achieve the targets and schedule. But Stalk
& Webber [Ref 8.9, Stalk , G. Jr. & Webber, A.M 1993] warn that this cannot carry on
indefinitely as the relentless pace can exhaust managers and workers. The pressures also
manifested themselves in different ways. More than one manager talked about %eing
canght in the middle, between Marketing and the factory,” and on the receiving end of aggression

because the schedule was in jeopardy.

‘When you have X number of weeks to the launch of the product, you then
have very angry men from production beating you over the head with a stick
saying “what’s the solution.’ Nissan Manager

There are no easy answers, the factory have their own real pressures, but for the design

engineer responding to a late Marketing request this is not very motivational.

The compressed schedule of an RFT development philosophy places the spotlight on the
organisation’s ability to make timely decisions. The interviewees felt that decisions were
made quickly providing there was enough information to make an informed choice. This
follows Eisenhardt’s fourth decision-making paradigm [Ref 8.10 Prof Kathleen Eisehardt
1990]. Where they did highlight a concern was with the availability of relevant
information. This was not only the technical information discussed with reference to
simulation capabilities, but also market information. With the NCAP [Ref 8.11 Euro
NCAP Web Site] discussion it seemed that the target change was delayed because the
product planners could not get conclusive proof of the market need. This may higi)light
a number of organisational weaknesses: A difficulty sourcing good market information,

an organisational need for ‘hatd’ facts when none exist or a ‘market- follower’ mentality.

Other aspects of the company’s decision making was also analysed in the concern
discussions. Decisions were deferred by an apparent reluctance to change. This 1s a
complex issue because mid-project change is not catered for by RFT, but delaying an
inevitable decision creates difficulties in the later stages of the project. This not only
highlights the need for better original specification but also an organisation quicker on its

feet to accept the inevitable.
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8.2 “14 Rules to Reduce Design Change in a Product Development Program”

In summary then, the Research hypothosis was a success, but not without further areas
of improvement being determined. With these successes and failures in mind, the
author has compiled “14 Guide lines to success Right First Time Development” to be

further examined through subsequent projects. In brief these 14 Rules follow.

1) Rigorous data capture from previous projects

2) Investigate the true causal factors of change

3) Generate a clear objective from the outset and don’t change it
4) H oshin Kanti structures the logical deployment of tactics

5) TQM 5 Pillars are paramount to success

6) Fing many tactics, there is no “one shot” solution in spite of consultant sales

talk

7) Improvements to the Hoshin Kanri should be encouraged.
8) Register the cost of design change in your otganisation
9) Systematica]ly monitor your results through eatly warning sub-measures

10) Team-working and Cross-functional development and deployment of tactics

11) Tenaciously and continuously pursue the objective through weekly reviews
12) Lovite supporting organisations to participate and support
13) M easure the project successes and failures against the Objective

14) Employ the learnings from the project on to the next one
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Rigorous data capture from previous projects: Chapter 5 shows us the
importance of analysing historical reasons for Design Change. However, this 1s
not possible if the systems are not in place to capture this data. Whilst to many
engineers, the added buteaucracy of recording concerns and ensuting that their
resolution is closed in a closed-loop fashion is an anathema,; it is nevertheless a
vital part of RFT Design. Most respectable development organisations control
the “Design Level” and thus in most cases, rudimentary history can be analysed.
The key question is whether these controls are sufficient to grasping

a) The real number of design changes, especially if a number of changes

have been bundled together

b) The real reason behind the changes.
The author believes that causal factors should at least be able to establish in the
categories of “Mistake”, “Testing Concern”, “Assembly Concern”, “Cost
Reduction” and “Outside Factors” and that sub-control systems should be in
place to support this level of data collection. Of course, supplementary to this,
it is also vital that one determines the total cost of Design Change within the
historic programs.  The supposition of the author is that unless one has at least
one data set from a previous project, then it is impossible to “Commit” to any
kind of Right First Time objective without it being any more than a simple leap
of faith.

Investigate the true causal factors of change

Once data exists from a previous project, it is important to analyse the data in
such a way that one can fully understand the true causal factors of design change.
The key word here is “True”. In releasing a design change, engineers and
organisations in general are not good at recording the true motivation for a
change. This can be that systems don’t support this level of recording, or it
maybe that organisational culture simply doesn’t allow an engineer to admit to a
mistake. These batriets need to be overcome, especially since, in the case
company example, up to 50% of the changes could be considered as avoidable by
the engineer himself. Data analysis tools in themselves are not imposed in
these rules. The type of analysis will vary company to company and project type
to project type. 'The author has no doubt that his analysis method could be
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improved upon, but propounds the necessity to reach the true reasons for design

change, not just the apparent reasons that may result from superficial data sets.

Generate a clear objective from the outset and don’t change it

A core virtue of working in a TQM manner is the necessity to Set Clear Targets.
The simpler the objective, the better. It must be stretching yet achievable, but
more importantly, it must be visible and fully endorsed by the highest levels in
the company. The importance of setting an unambiguous target becomes even
more profound if the Hoshin Kanri method is used in a Cross Functional nature.
Every level in the company must understand the objective and the Hoshin Kanri
principle means that a sub-part of the objective can indeed be deployed to every
petson in the development organisation as part of their annual objectives. This
gives both ownership of the sub-objective and the overall corporate objective.

It is also reasonable to suppose that the Objective and the subsequent
deployment could be linked to a Balanced Score Card or similar type of

Corporate Control Tool.

Hoshin Kanri structures the logical deployment of tactics.

The author propounds the use of the Hoshin Kanri tool as a logical and easily
understood “Change Agent” Tool. The ability to incorporate the Clear
Objective and then break it down in to Strategies and Tactics in a TQM manner
is profoundly powerful. Couple this with the ability to assign tasks to
individuals and for them, to use historical data to forecast the level of
improvement that their proposal will make, the cost of the improvement and the

Return on this Investment, makes the tool invaluable.

In the opinion of the author, one needs to continuously revisit the Hoshin Kanri
during the development cycle. The purpose of this is to validate the forecasts
on an on-going basis and adjust the Strategies and Tactics in the light of any re-

forecast shortfalls to the objective.
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8.2.5) TQM 5 Pillars are paramount to success

8.2.6)

8.2.7)

The 5 Pillars of TQM represent a logical and powerful framework for any
product development assuming that the TQM philosophy is embedded into the
corporation. The Pillars

1) Set Clear Targets

2) Manage Using Facts

3) Improve Communications

4) Use the PDCA Cycle

5) Standardise Best Practice
are at the heart of both this project and the culture of Nissan. Three in
particular are deeply embedded within the Case Company, these being “Manage
Using Facts”, “PDCA Cycle” and “Standardise Best Practice”. With this

embedded asset already in-place, the researcher’s work became much easier.

Find many tactics, there is no “one shot” solution in spite of consultant sales talk
Engineering Management is notorious for flirting with the latest tools to solve its
requirements. CAD, Concutrent Engineering, QFD, Simulation, are all fads
claiming to make a Corporations development enterprise more efficient; and in
many cases they do indeed add value. However, no single Tool can be
purchased to buy Right First Time Design. One must address the type of
development process in hand, the culture of the corporation, the geographical
spread, the reasons for previous failures and all the other facets treated in this
project. The author’s “FASTD” project had 48 separate Tactics, meshed

together in one coherent strategy.

Improvements to the Hoshin Kanri should be encouraged.

But it should be remembered that these 48 Tactics were not born from the start,
they evolved through iteration of reviewing reasons for previous failures,
forecasts of new tactic efficiency, until finally the forecast of design change
reduction reached 80%. That is to say, the Hoshin Kanri is a live tool and
should change to reflect the success of individual Tactics and be used to drive
compensating improvements, where a particular Tactic has fallen short of its

objective.
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Register the cost of design change in your organisation

Knowing the cost of design change in a Corporation is a powerful weapon in the
justification of expenditure on Design Change Reduction Tools. As expressed
in Chapter 8, the calculation is relatively crude and simply. If the Corporation
can count the number of Design Changes after Production Release and the
Accountant can differentiate initial Tooling expenditure from that of
modifications, then the bulk of the calculation is done. All that remains is to
estimate the indirect time spent from Engineer to Buyer and supplier in

progressing this change.

In the case of Nissan, publishing the cost of design change sent a tremor
throughout the organisation, as it was much larger than had been imagined. It
also put in front of the engineers a very tangible reason for reducing design

change and contributing to the FASTD organisation.

Systematically monitor your results through eatly warning sub-measures

Having stated that the Hoshin Kanri should be continuously updated, reflecting
the success or failure of particular tactics, it is also implicit that one cannot wait
until the end of the development to take countermeasures against failed tactics.
Therefore, eatly warning measurements are essential in ensuring that Design
Change reductions are on track. In the case of Nissan, this for instance, drove
the Planning Drawing focus, with Advanced CUS and NT7’s being raised by the
Test Engineers on potential concerns found through Design Reviews.

Likewise, continuous monitoring of CUS, STRS, etc ate all eatly warnings bf
potential design change. Different companies will have different measures, but
what is essential, is that there are early indicators of design suitability prior to its

production release.
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8.2.10) Team-working and Cross-functional development and deployment of tactics
It tends to be true of any initiative that successful deployment depends upon
empowerment of the staff required to deliver it. The importance of Cross
Functionalism is well documented and a central part of Nissan Financial recovery
[Ref 11.12 Catlos Ghosn, Turnaround, 2003]. It is doubly true in the case of
Engineering where one system has so many interactions on others. However
here, we should also learn the lessons of the Nissan case, where the lack of good
buy-in from Marketing and the inability to predict Matket trends such as NCAP,
led to higher than expected design change. Thus one can conclude that Cross
Functionalism and Team Working must expand beyond the boundaries of
Engineering and incorporate at least the functions of Product Planning /

Marketing, Styling and Cost Management.

8.2.11) Tenaciously and continuously pursue the objective through weekly reviews
Once the project starts, it is important to keep focus on the Design Change
reduction objective. In the Case Company, this was seen in the Weekly
Operations Meeting held by the Engineering Director, where Design Change
evolution on the HS project was measured weekly. No one was left in any
doubt that this initiative was being led from the top and this constant attention

undoubtedly contributed to the final achievement of the 80% reduction goal.

8.2.12) Invite supporting organisations to patticipate and support
To some extent reflected in the need for Cross Functionalism, but re-emphasised
here because ultimately this was the one area of major failure in the Case project.
It is already known from the Historical analysis that Workability, Marketing and
Cost Reduction play a significant part in design change reduction. In the case of
HS, NTCE and NMUK were fully engaged in the common objective. But as
has already been demonstrated, the involvement or focus of Marketing was not
enough. Since in most companies, Marketing/ Product Planning,
Manufacturing and Finance tend to be different departments from Engineering,

then the need for exceptional Cross Functional Team Working is vital.
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8.2.13) Measure the project successes and failures against the Objective
Central to the PDCA cycle, is the need to review a Project’s success and/or
failure upon completion. Whether one uses the T Mattix or another method is
entirely optional. Howevet, the post-Project review is the opportunity to
embed learnings from the project into the next project. In so many cases, one
can see the same mistakes being made in every subsequent project. The excuse
for not doing post-Project reviews is of course, time. However, hopefully
demonstrated through this Thesis, the time spent on the review will more than

pay for itself within the next project.

8.2.14) Employ the learnings from the project on to the next one
....... and finally, from the TQM Pillar, Standardise Best Practice. The current
fashion is to call this KM (Knowledge Management). It is essentially the
Capitalisation of lessons learned through a Project and then using these lessons in
the next project. Common sense really. In this case, the embedding was done
through the issue of Standard Practice Processes, filed in each Engineers
“Engineers Hand-Book” / Diary. More recently, intranet based access 1s
probably more relevant, provided that Engineers are able to find and use the

information without the need to go searching for it.

8.3  Application of RFT Design in other Industries

We can see that the Author’s principles of how to achieve Right First Time Design were
tested in enormous detail through the HS project at Nissan. This Action Based
research methodology has the great advantage of allowing this depth to be reached.
Howevet, one must also recognise the weakness in this approach. That arguably being
that we have only shown that the RFT principles can be adopted in Nissan. Whilst this
may not be logically true, since Nissan uses the essentially the same science as any
Engineering company, it was felt appropriate to test the 14 Principles and the RFT
Design theory in the public domain and in two alternative and respected engineering

companies and assess their readiness to introduce the concept of RFT Design.
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The testing in the Public Domain was undertaken through the publication of several
papers and presentation at Peer conferences. These Presentations are explained in the

Appendices.

The two companies tested were (Names changed for confidentiality)

The first company (ABC Co Ltd), is a global developer of Electro-Mechanical
devices, deployed on the high streets around the world and required by their
nature to be highly reliable and durable

The second company (XYZ Co Ltd), is a famous Engineering company
employed in the development and manufacture of aero-engines components. By
their nature, these aero-engine components, must be highly reliable and durable,

but also competitive.

The author spent 2 Days with each company, working through a questionnaire to

establish the extent of readiness that these two companies were to accept the principles

of RFT Design

8.3.1) ABC Coltd

ABC is a global company involved in the design and manufacturing of electro-
mechanical devices. As said, they are in an engineering/business field comparable with
Nissan. ABC were selected as a means of checking and testing the theories and
principles of RFT Design. As well as being in the same discipline, they are global, profit

lead and open minded to new initiatives and hence are an excellent reference case.

8.3.1.1) Background

The ABC Corporation is a leading global provider of “relationship technology solutions™
that enable business to drive growth and performance. ABC’s key solutions are retail
store automation, financial self-service (Auto-Teller Machines-ATMs) and data

warehousing, including the Teradata database and analytical software applications.
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The Facility visited concentrates on the design, development and manufacture of
automated teller machines (ATMs). ABC has a strong ATM presence in all key regions
of the globe — a distinct advantage given the under penetrated nature of large
international markets such as India and China. The ATM business performed well in
2000 in spite of lingering Y2K effects and the significant impact of a weaker Euro during
much of the year. Margins remained good as the Company augmented revenue growth

with efficiency and cost reduction.

The ATM industry is in some respects a tale of two markets — the United States and the
rest of the World. ATM sales among the major financial institutions slowed in the
United States following a period of sustained growth. ABC realigned its sales strategy in
2000 to address specific growth opportunities such as community banks and the entry
level cash dispenser market where independent sales organisations have adopted the use
if traditional ATMs for new types of locations. Initiatives in these markets have enabled
ABC to maintain strong volume, good market share and sound margins in the United

States.

Internationally, while some markets ate mote established than others, the opportunities
on the whole are dynamic and existing. ABC have already successfully entered into, and
gained market share in, the important emerging markets of India and China, which
collectively are home to over a third of the world’s population. To facilitate cost efficient
penetration and timely deployments, ABC continues to expand their Asian based

manufacturing capabilities at their facility in Beijing, China.

ABC are also looking at outsourcing, to significantly enhance their market share and
leverage their customer service capabilities. In January 2001, they announced their first
North American outsourcing contract to service the ATM network of the Royal Bank of
Canada, to provide help desk operations, cash replenishment, cash management and first

line maintenance.
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8.3.1.2) “Guest Lecture”

In order to provoke a greater understanding and exchange, the author presented the

finding of this Thesis to the Senior Management of ABC (approximately 20 people).

Through dialogue and discussion the answets to the author’s “Questionnaire” were

completed and this follows.

Questionnaire to Assess RFT Readiness of a Corporation

ABC Corporation 24th May 2001

No |Q+A |Question
1jQ |Do you measure the efficiency of your Design and Development?
e are measured in terms of our Financial Spend, which is limited by a budget each year and
which we are obliged to stay within. The Output per $ is not measured by any direct indices,
A although it is natural that we are expected to react to Customer Orders as they come in
2lQ How do you measure the efficiency of your D+D?
A Simply as achievement of R+D budget at year end
3(Q  |Do you measure Design Change?
Yes and no. We record updates of design level through re-issue of drawings as and when we
need. However, we do not explicitly measure design change or the reasons for it in the manner
that Nissan has explained to us. Engineers tend to analyse their own results from the Test
department, we have no way to know or record how many modifications where made leading up a
A design release - probably the engineers themselves no, but corporately we don't
4jQ How do you measure Design Change?
A Other than raising the design level, we don't
5|Q  |What where the results?
A N/A
6|Q Did you identify a trend?
A N/A
71Q Have you a Strategy for Improvement?
Yes we do. We are in the advanced stages of introducing our Corporate Six Sigma strategy. We
have nominated staff from Design to become Black Belts, although at this moment we have no plan
A to undertake any 6 Sigma improvements in R+D
8IQ How do you plan to implement the strategy?
Obviously yes, 6 Sigma is driven from the very Top. We have had very many initiatives over the
years, but we think 6 Sigma is our last and best chance to really improve efficiency across the
organisation. There are some doubts whether 6 Sigma will work in D+D - some people say that
you cannot measure the Design Process, but maybe Nissan experience demonstrates that you can
A
91Q Have you a Corporate level strategy?
A Six Sigma
10|Q re Design and Development efficiency improvements targeted in this strategy?
No, the current thinking is that you cannot measure the efficiency of engineers, they are notin a
A process, although the Nissan experience will force us to re-consider that
111Q How do you justify Investment?
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We have a Finance methodology, that requires us to demonstrate a Payback, but this would usually
be justified in Engineer Headcount saving or the ability to do extra projects. Honestly, it's a bit
subjective

12

o>

Do you track reasons for Design Change?

No, but | suppose that we could find out some information retrospectively if we were to interrogate
the Engineers

13

Have you a historical record of design changes?

Only from the Change level on the Drawing and in the Heads of the Engineers

14

Have you analysed reasons for design change?

No

15

Does this form part of your improvement strategy?

No

16

[] bRIsR b=RT=] BNl b=

How do you get your Managers to agree on a strategy

Most definitely all Managers are supportive and a part of the need to make 6 Sigma work. As I've
said, we have had a lot of initiatives in the past, but most people seem prepared to give 6 Sigma a
chance, based on successes in other companies like GE

17

Did you get your workforce to agree to the strategy?

Well, we have certainly taken time to explain it to them

18

o»|Oo|>»

What resistance did you encounter?

Mainly that this is just another initiative. We really have to follow this through and demonstrate to
our employee that we are serious about 6 Sigma

19

Have you a Mission Statement?

Yes

20

[s1bds) s

Have you re-organised your organisation to meet the strategy?

\We are in the process of re-organisation, but | wouldn't say that it was led by a specific initiative.
We have recognised the need to enhance Engineering Management as a Function and we are in
the stages to appoint one.

21

[9) b

How do you capture Knowledge?

We don't have a formal system for capturing Engineering Knowledge in the way described by
Nissan. We don't undertake post Project reviews. Probably we should, because over half of our
projects are delivered late - | think this is one of the reasons that we recognise the need for a Head
of Engineering

22

How do you Plan process development / creation?

e get an RFQ from the Customer, an Engineer is assigned and he makes his Plan. There is no
generic Master Schedule; it depends on the complexity of the request. Obviously we do Design
Reviews and there are some specific Gateways for investment, the rest is left to the Engineer in
charge

23

How do you prioritise Investment?

Hmm, difficult to say, we try to cope with all the Customer requests, provided they are profitable to
the company, but there is no resource planning at the project level, hence at least part of the
reason that we are late in the delivery of many of our programs

24

o»

Have you any tools to assist with reductions in D+D lead-times?

Yes, we are continuously looking at new Engineering Tools, such as Simulation technologies,
especially in the area of Software development. These obviously help with Lead-Time reduction,
but | wouldn't say that there investment is strictly related to this aim

25

o>

Have you employed TQM principles?

Well we went through the TQM initiative, but | wouldn't say that it is embedded, just another
initiative

26

Define Lead-time?

From RFQ deployment to the Engineer in Charge, until its release to Sales

27

s3] b2

Do you "Test by Design"?
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No, except more so now in the area of Software development. The normal way is to build
prototypes and then test them. The design engineer assesses the results and decides if
A countermeasure action is required or not
28/Q  |What is the biggest reason for Design Change?
A We don’t know
29|1Q Do you have sub-measurement systems to register reasons for Design Change?
A No
30|Q  |Are they Closed Loop?
A N/A
311Q Have you a quantifiable technigue for the cost justification of design tools?
No, except any commitment made in the justification, such as reduction in Engineering Headcount,
A [although in reality this is very difficult for the accountants to check!
8.3.1.3)  ABC Co Ltd Reflection

ABC Co Ltd is a highly successful company and a competent Engineering organisation.

Its improvement initiatives mainly revolve around 6 Sigma, but it is unclear at the time of

Interview, how this would impinge on engineering efficiency improvements.

If we study ABC Co Ltd through the 14 Rules model;

1)

2)

Rigorous data capture from previous projects

Not done. Data exists in the rudimentary form of registration of upping the
design level. There are no strict processes governing the closure of concerns.
Test Failures are notified to the Engineer, but closure is up to his
professionalism. In-order to meet the basic needs of RFT design, it would be
necessary to go back over a recent project and “down-load” the Engineers
knowledge into a form that could be analysed. This is obviously somewhat
fraught as it relies on memoty, but better than nothing and the prompt could be

the Design Level notes.

Investigate the true causal factors of change

Reliant on Stage 1, but the capability exists.
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Generate a clear objective from the outset and don’t change it

The key point for ABC Co is to get the needs for On-Time project delivery
cleatly part of their Six Sigma project. An ideal way would be to ask one Black
Belt to lead a project into On-Time project deliver, starting with analysis of

Design Change data using 6 Sigma Tools.

Hoshin Kanri structures the logical deployment of tactics

Not used, but ABC Co Management could see its merit

TQM 5 Pillars are paramount to success

Six Sigma used many of the TQM Tools and by rough assessment, it seems the
culture in-side ABC Co is conducive to this way of working. A key
improvement area would be employment of PDCA mentality structured around a
clearer Development Administration System, promoting the use of Generic

Master Schedules and Data Capture systems.

Find many tactics, there is no “one shot” solution in spite of consultant sales talk
Perhaps the weakness of ABC is that the staff are fed up by continuous
initiatives. The latest solution is 6 Sigma. However, the advantage is that 6
Sigma could be the carrier for a sub Initiative on Engineering Efficiency
Improvement through RFT Design.

Improvements to the Hoshin Kanri should be encouraged.
Should be no problem given the Culture and adoption of a Black Belt leader.

Register the cost of design change in your organisation

This is unknown, but there are sufficient information and skills in the

organisation to let it be calculated.
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9) Systematically monitor your results through early warning sub-measutres
An area where big improvements will be necessary. Too much reliance is
placed on the professionalism of the Engineers and there duty to countermeasure
problems. Since there ate no systems to independently Police this, Management
is unaware of development concerns and there are no statistical based early
warning mechanisms in the company. This is a key area to be addressed before

adopting a RFT Design policy.

10) Team-working and Cross-functional development and deployment of tactics
Cross Functional Team Working seems good, with out significant corporate
politicking and with a good level of mutual trust across Functions. Since 6
Sigma is a Cross Functional edict, any improvements in the Engineering

efficiency area would need to be logically linked to this.

11) Tenaciously and continuously pursue the objective through weekly reviews

Underlining the need for Step 9.

12) Invite supporting organisations to patticipate and support

Through the 6 Sigma organisation, it is possible to achieve this.

13) Measure the project successes and failures against the Objective
Not done to date, but at least ABC Co Engineering Management could see the
benefit. However, they where concerned on how to implement RFT Design,
without the necessary investment being seen as “a leap of faith” by their top

management.

14) Employ the learning’s from the project on to the next one

No done to date in any way other than the tacit knowledge of their Engineets.
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8.3.2 XYZ Co Ltd

XYZ Co Ltd is a UK company, selling on a Global basis and involved in the design and
a manufacturing of aero-engine components. As said, they are in an
engineering/business field comparable with Nissan. XYZ were selected as a means of
checking and testing the theories and principles of RFT Design. As well as being in the
same discipline, they are global, profit lead and open minded to new initiatives and hence
are an excellent reference case. They are also a company with an awesome reputation

for Product Quality and therefore an interesting example to view in terms of RFT

Design.

83.2.1)  Background

XYZ plc operates in four global markets - civil aerospace, defence aerospace, marine and
energy. It is investing in technology and capability that can be exploited in each of these
sectors to create a competitive range of products.

The success of these products is demonstrated by the company's rapid and substantial
gains in market share over recent years. As a result, component deliveries have grown
and the company now has many thousands of components and systems in service
wotldwide. The investments in product, capability and infrastructure to gain this market
position create high barriers to entry.

XYZ has a broad customer base comprising of more than 4,000. XYZ employs around
36,000 people, of which 22,000 are in the UK. Forty per cent of its employees are based
outside the UK - including 5,000 in the rest of Europe and 8,000 in North America.
Most of the components in service will have operational lives of 25 years or motre,.
generating an assured aftermarket demand for the provision of spare parts and serﬁces.
The company's strategy is to maximise aftermatket revenues, which have increased by 60
per cent over the past five years due to the development of a comprehensive services

capability.

8.3.2.2 “Guest Lecture”

In order to provoke a greater understanding and exchange, the author presented the
finding of this Thesis to the Senior Management of XYZ (5 people). Through dialogue
and discussion the answers to the authors “Questionnaire” where completed and this

follows.
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Questionnaire to Assess RFT Readiness of a Corporation

No

IQ+A

XYZ Co Ltd - July 2001

Question

Do you measure the efficiency of your Design and Development?

Yes, from a Financial Point of View

[s) b=[s]

How do you measure the efficiency of your D+D?

We have an annual budget that has to be satisfied. We have a broad plan of the number of
projects that we will throughput during the financial year and we build a Headcount budget around
it. We are not challenged on output per Head directly, but obviously the Accountants put the
squeeze on us and expect more for less

Do you measure Design Change?

We have a very strict tracking of Design Level Changes and any change has to be fully validated
and proved prior to its release

How do you measure Design Change?

Only at the Drawing level, but you couldn't tell from this what where the real reasons for the change
- you would have to look back at Test Reports and alike

[o) b=

\What where the results?

We haven't analysed reasons for Design Change in the way that Nissan has. We probably could
go back over a past project and by researching test reports, we could probably establish true cause

Did you identify a trend?

No

o[>»|o>

Have you a Strategy for Improvement?

We don't have a Strategy for Improvement, but we recognise that over 70% of our projects miss
their delivery dates, so we are under pressure to come-up with something

How do you plan to implement the strategy?

No

Have you a Corporate level strategy?

We have the usual string of initiatives, but nothing specific in the case of Engineering

10

[s)pAIs) pals) b

Are Design and Development efficiency improvements targeted in this strategy?

>

No, but we have to do something about our on-time delivery and that means improving
development efficiency by some means

11

How do you justify Investment?

We have a very detailed process to go through to justify Capital expenditure. However, its very
difficult to link improvements stated in these justifications into actions within the budget. To some
extent, our investment is given by the budget we have. Each year we put forward our needs - if it
Iseems like we have a big need, then we may or may not get the budget. Once we have the
budget, we must spend within it, but the choice of best tool is pretty much lefty to Engineering to
decide

12

o>

Do you track reasons for Design Change?

No strictly speaking, but we could trace back through test reports by design level, so | guess we
could do the same type of analysis as Nissan if we wanted to

13

Have you a historical record of design changes?

Only on the drawings and it isn't very explicit

14

Have you analysed reasons for design change?

No

15

Does this form part of your improvement strategy?

No

16

oPOPIo]»(0]>

How do you get your Managers to agree on a strategy
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We don't have a strategy, but | guess pretty much all our Engineering Managers recognise the

A need to improve of their delivery to schedule
17|Q___ |Did you get your workforce to agree to the strategy?
A No
18(Q What resistance did you encounter?
A N/A
191Q Have you a Mission Statement?
A For the company yes, for Engineering no
20[Q Have you re-organised your organisation to meet the strategy?
No, but obviously we change organisations to tune to new needs on a fairly regular basis
21|Q How do you capture Knowledge?
Yes, we do in terms of development standards. The tests that need to be satisfied are rigorous
and well documented. In the context of RFT, no we don't do post-Project reviews, but maybe we
A should
22|Q How do you Plan process development / creation?
[The Chief Engineer makes a Plan for each of the Projects brought before him. There are specific
Milestone Gateways that need to be satisfied, but emphasis is very much on Quality and Reliability
rather than the Schedule itself - however, we do get a lot of criticism from our Customers who are
not happy when we deliver late as it effects their project. This is really a point of change, when we
used to work for the Government projects; everything was Cost Plus, so there was no penalty for
being late. This is all changing now and even Government projects want Fixed Prices with
A Lateness Clauses.
231Q How do you prioritise Investment?
We set a budget at the start of the year and an assessment of the number of projects that we think
we might have - we know the big ones, but we just put in contingency for the smaller unknown ones
A
24]Q Have you any tools to assist with reductions in D+D lead-times?
Directly speaking no, but we have a lot of investment in Engineering tools. We are really leading
edge in the area of mechanical simulations. Obviously this improves the efficiency of our
engineering and directly contributes to a RFT culture - but we couldn't say how much one tool
A contributes
25|Q Have you employed TQM principles?
A |We had a TQM initiative and | think we generally work in a TQM fashion
26|Q Define Lead-time?
A Customer Spec being accepted by Engineering through to Delivery / Technical Sign Off
271Q Do you "Test by Design"? '
A Yes, we do an enormous amount of Engineering simulation.
28/Q  |What is the biggest reason for Design Change?
A | don't know
29|Q _ [Do you have sub-measurement systems to register reasons for Design Change?
'Yes we do, we have to record the result of all of our tests, but we don't do any kind of Post-Project
A Review
30|Q __ |Are they Closed Loop?
A Yes
31|Q Have you a quantifiable technique for the cost justification of design tools?
A No
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83.22) XYZ Coltd Reflection

XYZ Co Ltd is a highly successful company and a competent Engineering organisation.
Its main weakness today is the lack of on-time delivery against committed schedules.
This has grown out of long-term relationships with Government agencies, where the

pressure for being on time has not historically been felt — this is now changed.

If we measure ABC Co Ltd against the 14 Rules

1) Rigorous data capture from previous projects
XYZ Co does rigorously capture the necessary data duting any given
development. Their systems are robust and PL friendly. Their level of
technical competence is second to none and their engineering capabilities world

class.

2) Investigate the true causal factors of change
However, in spite of having the necessary data around them, they haven’t
analysed it and do not have any idea about what ate the reasons and drivers of
design change in their company. Naturally, this could be easily solved and it is
likely that their analysis could be even deeper than that undertaken by Nissan.
It could also reflect on trends over a petiod of yeats and would perhaps even give
them a measuring stick for improvements made by the adoption of their new

Simulation Tools.

3) Generate a clear objective from the outset and don’t change it
It is clear that there is a need to improve on time delivery of projects and this is
their biggest dtiver for looking at improvements. Therefore, a RFT Design
initiative based around the target of, for example “80% of all projects to be
delivered on-time within Fiscal Year X, would logically fit the Nissan Model.

4) Hoshin Kanri structures the logical deployment of tactics
Not used, but logically understood by the Engineering management of XYZ and
seen as an excellent tool to tackle the aforementioned On-Time delivery

problem.
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5) TQM 5 Pillars are paramount to success
TQM is not mentioned in discussions with XYZ Management, but it seems to sit
well with their Culture. Perhaps the most lacking area is the one of “Set Clear
Targets”, but all the other Pillars appear to be attainable.

6) Find many tactics, there is no “one shot” solution in spite of consultant sales talk
This is clearly understood by XYZ management. They have in the past seen the
purchase of certain tools as the panacea solution and have seen that they are not.
They are not lacking in anyway in the area of Test by Design, but more on the
focus for improvement. Again, the authot’s recommendation was one of “On-

Time” delivery through the adoption of a RFT development principle.

7) Improvements to the Hoshin Kanri should be encouraged.

The culture exists and the management way exists.

8) Register the cost of design change in your organisation
XYZ stated that they thought they knew the cost of a Design Change and that
some had calculated it in the past. However, it was not at the forefront of the
Engineers minds and it was not even a certainty that the number was correct.

However, the capability to calculate the correct number certainly exists.

9) Systematically monitor your results through early warning sub-measures
These exist, but should be made more transparent to the Engineering
Management and certainly made into measurable statistics for presentation at
Project Milestones.  The question is how to get detailed reports initially made
into quick problem reports and registered into the Engineering Administration

Systems.
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10) Team-working and Cross-functional development and deployment of tactics
This seems mote of a problem, with Departments outside of Engineering being
viewed as not understanding. The relationship with their Sales team would need
to be improved particularly in respect to the setting of SOP objectives. The
good news is that the Engineering Management tends to be involved in Contract

negotiations, thus the ability to effect the setting of SOP targets.

11) Tenaciously and continuously pursue the objective through weekly reviews
Possible within the environment witnessed, but needs to be supported by

continuous and weekly statistical data on condition of projects within each

department.

12) Invite supporting organisations to patticipate and support
As discussed in 10, it needs improving, but can be coped with even within the

current unsatisfactory environment.

13) Measure the project successes and failures against the Objective
Post Project reviews are not currently undertaken, but sufficient data exists to
allow a very detailed review to take place if directed by their management. By
starting with the last project and with the project churn rate, within 12 months,

XYZ co could amass a detailed and accurate array of data.

14) Employ the learnings from the project on to the next one

Not yet, but very possible.
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8.3 Conclusions

This Chapter has tried to reinforce two major points.  The first is to underpin the 8
unique and novel propositions put forward through this research project. In
establishing their merit inside Nissan, a very detailed analysis has been undertaken over

the 4-year period of the development project of HS.

The author then goes on to develop 14 Rules to allow RFT Design to be introduced into
any engineering company and then “tests” these rules through 4 days of interviews in
two Global companies outside of the Automotive Industry. Whilst neither company
has all the pre-requisites to introduce RFT Design today, they could if they followed the
14 step recommendations. Thus, the author suggests that the 14 rules are adequate to

give access to the industry and allow it to embody the learning.
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OVERALL CONCLUSIONS

This is the concluding Chapter of this Thesis and aims to sum up the overall context of the
research and its achievements.  The author also aims to provide an insight into the up to
date situation in design change reduction.  The Chapter ends with the prediction that
Right First Time practitioners will eventually reduce vebicle development lead-times down
Jrom the HS case of 31 Months to (an un-believable) 6 Months.  Time reduction and the
management of its implementation can become a huge competitive advantage for those that

can do it.

This research set out to test the theoty that a significant reduction in design change for a
given development program, could directly impact upon development lead-time and
development cost, without a negative impact upon Product Quality. Specifically, the

Research Objectives were: -

1) To Test the hypothesis that a Policy of Right First Time Design will increase Product
Development Efficiency.

2) That this could lead to a 40% reduction in development expense, combined with a 30%
reduction in development lead-time (and incidentally a 30% reduction in manufactured
cost)

3) That Front Loading development can result in an 80% reduction in design change and
that the tactics to allow this to be achieved can be derived through Historical Analysis of
previous projects and deployed through a modified Hoshin Kanri

4) To establish the cost of design change

5) To validate the authors hypothesis through a real project, using Action Learning
Research principles and actually measure the results in a Qualitative and Quantitative
manner

6) To establish rules for the dissemination of RFT Design Principles and “Test” them in

alternative industties.
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The author was driven by the desire to win the development program for the host
company, NTCE. To do so, demanded a 40% reduction in development costs compared
to previous programs. This level of stretch demands creativity, but also demands risk
management. The TQM culture of NTCE allowed for risk management, however, its

Kaizen approach to improvement was a cultural barrier that had to be broken through.

In establishing the plan (FASTD) and delivering the product (The Almera) to market, the
author was allowed privileged access to all parts of the development company, its data and
its people. Various tools have been developed and referenced for novelty. These
include:

1) A more detailed definition of the “glibly” used term “Right First Time Design”

2) A linkage between the key facets of TQM and RFT Design.

3) The usage of Hoshin Kanri as a tool for the “Change Agent” and the importance
of analysing historical data to predict future improvements to be made through
Hoshin Kanri deployment.

4) An illustration that there is no “one strategy” to implement RFT Design, but a
continuum of tactics linked together by TQM methodologies and deployed by
Cross-Functional Teams having a common objective.

5) Determining the importance of closed-loop development controls, to ensure that a
robust history of previous project design changes is readily available for analysis.

6) Using Design Change as a financial tool, to demonstrate a Return on Investment
for the tools required to actualise the reduction in design change. I.e. Using
historical data to determine the cost of one typical design change.

7) Analysing, through a live project, the effectiveness of the tools determined
necessary to reduce design change.

8) Analysis of the assumption failures on a “T Mattix”, to ensure a “Kaizen”

approach to the next project

Most notable is the new hypothesis linking development lead-time reduction and
development cost reduction to a reduction in design change — the heart of RFT Design.
However, there are other innovations, which helped establish a successful change program

and are relevant to learning in this area of engineering management:
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e The use of the Hoshin Kanri, underpinned with TQM and the Nissan Production
Way, allows Policy, Strategy and Tactic deployment to be linked to a numerical target
and forecasting tool.  This forces the iteration and deployment of achievement tactics

until the goal (in this case 80% reduction in design change) is met.

e The quantification of the cost of design change. This is not novel in itself. The
novelty lies in its linkage to design change, the Hoshin Kanri and the ability to be able
to forecast the design change reduction as a result of investment in a particular tactic.
That means that the engineering management can determine the ROI and NPV of any

given investment without the need to result to hypothetical Opportunity losses.

o Finally the quantification of design change reasons in past and current projects,
evaluated from quantitative and qualitative perspectives, allows the author to draw-up a

14-step plan for the introduction of RFT Design into a given company.

The latter is the most subjective part, because for the recommendations to work, it is
important that a culture of TQM exists and that sufficient records of past developments
can be accessed. However, in both of the extra case companies investigated, these
records did not fully exist — although, with the investment of time, sufficient data could be

made available to allow a FASTD project to exist.

The author is convinced that the RFT Design tool is an important innovation and an
important addition to engineering management knowledge. There are many references to
the principles of Right First Time Design, but through the course of this project, the
author has found minimal materials on how one might logically go about creating a
company culture of RFT (Other than the unsubstantiated claims of consultancies trying to

sell the next “tool”).
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As for the reliability of the author claims, the Thesis seeks to warrant this with:

a) Access to an enormous quantity of quality research data (including every single
Design Note raised on EQ, MM and HS Projects).

b) A willingness to err on the side of cautious interpretations and try to look from
multiple views, including qualitative and quantitative.

©) The use of other non-quantitative methods such as independent interviews

d) The use of additional external case studies (consuming two days of research in
both cases).

e) Andin general, taking a rational approach at all stages.

It’s worth reviewing where the project has taken NTCE too. Since the completion of HS
development, the results have proven that design change can be sufficiently small, to allow
progression, with sufficiently small risk, to a development without the need for Prototype
tooling. Using the practices created through this research project, Nissan globally
decided to delete the Clot build and go directly to off-tool parts. The first programs to
undertake this in NTCE were the ED and MM projects — New Primera and New Micra,
both of which where developed in a period of 25 months from Design Freeze to SOP.
This may be compared with a NTC Japan standard lead-time of 21 months (given that the

Press tools are made in Japan).
12.1 Attainment of Research Objectives

1) To Test the hypothesis that a Policy of Right First Time Design will increase
Product Development Efficiency. ’

The wotk inside NTCE demonstrates quantitative data showing that on a “like for like”
basis, an 80% reduction in design change postproduction design note release will reduce

development expenditure (and thus increase Product Development Efficiency) by 43%.

Qualitative data backs this up, but also demonstrates room for improvement in future

projects by better cross-functional target setting.
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2) That this could lead to a 40% reduction in development expense, combined with
a 30% reduction in development lead-time (and incidentally a 30% reduction in
manufactured cost)

The HS project demonstrated a 43% reduction in development expenses measured on a
like for like basis.  The project was also launched on-time and met all Quality and Cost
targets, thus demonstrating that RFT Design can reduce development lead-times without

necessarily having a negative effect on Quality or Cost.

3) That Front Loading development can result in an 80% reduction in design
change and that the tactics to allow this to be achieved can be derived through
Historical Analysis of previous projects and deployed through a modified Hoshin
Kanri.

The combination of the Hoshin Kanri, linked to design change reduction forecasts
validated from historical analysis of previous programs, allows a development program to
be front loaded in a scientific way and without the “Leap of Faith” sighted by other

companies as a reason not to challenge RFT Design.

4) To establish the cost of design change

Established in NTCE as £13000, knowing this allows each deployed tactic to be specific in
its ROI (Return on Investment). Thus in determining tactics and strategies to reach the
80% reduction in design change, one can also ensure that financial efficient tools are

chosen with a very specific target assigned to them.

5) To validate the authors hypothesis through a real project, using Action Learning
Research principles and actually measure the results in a Qualitative and
Quantitative manner.

The author’s hypothesis was validated in a series of manners, quantitatively, qualitatively
and in depth through HS Project and superficially in two alternative Engineering
companies. The research followed the best practices of Action Learning as described in
the Thesis and allowed very detailed validation of the hypothesis to be made resulting in an
established 81% reduction in design change against a Hoshin Kanri forecast of 75%.
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6) To establish rules for the dissemination of RFT Design Principles and “Test”
them in alternative industries.

14 Rules were established for deployment of RFT Design principles and these were then
“tested” in two alternative companies with a reputation for efficient and high quality
development practices. 'The “test” showed both to be capable of RFT Design, but not
yet ready to apply.

12.2 Future Work

So what next?  There is no doubt that reduction in lead-times is a competitive advantage
to those companies that can manage it.  Given the continuous improvements in
Simulation capability and the emphasis on “Test-By-Design”, then further improvements,
centred around the reduction, or elimination of design change become a reality. ~ Nissan
is already sighting it’s ambitions for a zero design change program, which sees the creation
of digital build and test, then the creation of actual vehicles only at the T1 and T2 stages
for Homologation. Theoretically, that means a lead-time of 10.5 months could be
possible (excluding tool shipping time).  So will that be it? — In the author’s opinion, no.
Through his connections with Nissan Japan, the author has even muted the possibility of a
6-month development — a “Shinkansen” process. Impossible, I hear them sayl Well in
1996, they said 31 months was impossible — No it’s not impossible, it’s just a matter of

designing it Right First Time!

The author makes one hypothesis and one recommendation for future work

1) Staude 2001 [Ref 2.7 Staude 2001] sights the 4™ wave of competitive matketing to be
Time / Speed.  This is consistent in thinking with Nissan and Toyota and is likely to
remain the case until at least 2008. However, the author hypothesises that the maturation
in development speed with result in a fifth wave of “Quality Experience”. ~ With
manufacturers able to quickly identify and follow fashions in the market, product
differentiation will need to be underpinned by “quality” of the whole buying experience.

In essence, that means a rethink in the way cars are marketed a sold across the world and
in particular in mature markets. One might liken it to buying a Brand that you trust and

which you know will deliver a great deal of satisfaction in service.
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CHAPTER 9

2) Following on from the hypothesis above, the author recommends that further research
is undertaken in the area of “Creative Chaos” with a view of validating the authors desire

to create a “Schizophrenic” development process as outlined in Figure 4.1 and repeated

below.
. —_—>
Time | | | | ! | | |
Production
Preparation
Advanced N
I —>
Styling & Lall—1 sop |
Development Freeze ' !
' .%% Production :
! E Release '
! RFT \\

There are companies today capable of Creative Chaos.  There are a fewer number of
companies capable of RFT Design.  Can the two be combined?  If they can, innovative
solutions, enhancing quality of ownership may be quickly brought to market. This would
give companies capable of this schizophrenic process, huge competitive advantages in

meeting changing customer desires.

Andy Palmer 21/3/04
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%Zj; A point in time when the design concept and styling is fixed.

D-Lot The first development build. It uses prototype patts to create a fully working
vehicle (deleted from Almera programme)
The confirmation trial build. Modifications from the D-Lot build are

C-Lot ) . . .
included to ensure the vehicle performs to target prior to production release.

Production | Approval for the design is given and finances are committed on the

Release production tooling.

Pilot Plant | Primarily a body build where the first-off production panels are built and

P) confirmed, prior to shipping the tools from Japan to the European factory.

ET The engineering trial where the first vehicles are built using the first
production level parts.

T The first online production trial to confirm the design and manufacturing
process.

T2 The final online production trial, the last opportunity for any design or
process changes.

SOP The start of production, assembly line speed ramps up rapidly to provide a
stock of vehicles for disttibutors.

RFT The Right First Time development philosophy.

MY Model Year, the year the product is launched.

NTC Nissan Technical Centre: Nissan’s development company has sites in the UK,
Japan and USA

NMUK Nissan Manufacturing UK: Production plant in Washington Tyne & Wear.

NRP The Nissan Revival Plan announced by Carlos Ghosn on October 18" 1999.

TOM Total Quality Management

QFD Quality Function Deployment

Kaizen Continuous improvement.

CAPE Computer Aided Production Engineering

CAE Computer Aided Engineering

IT Information Technology

IS Information Systems

Design A modification to the original design of 2 component

Change gin on of a component.

PDCA Plan-Do-Check-Action - Quality Cycle

Trial Build i/:1 aftrsototype build, in which the vehicle assembly is made from temporary

Off Tool A vehicle assembly or parts that are manufactured using the production

tooling

C/M

Countermeasure, a solution to a concern.
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A CAR FOR YOUR DAY

Your individuality gives you 8 character which adapts 10 the domands
and opportunities ol sach day. At Nissan, we are facused on designing
cars which olfer that same individoality: cars that are adaptable,
uluouhm and hava » charactor that camplaments yours.

" You can see lhis appronch in our lnlest concepl cers: the phenomansl GT-R, a 215t contury
sports car devoled to driving passion, the amazingly versatile and sdaptable Yanys and Ihe
sensational Miera C+C, which is both elegant coupe and sophisticaled cabriclel, And now
you can experianca it with the lalest Almera. The Aimera is created Jor individuals who

pprociate how its dynamic performance and user-focused technslogy match the freshness
of itz distinctive styling.

CONTENTS

REFRESHINGLY DIFFERENT .04

CALM AND PRECISE .10

EXTRA ENERGY .14

FACTS & FIGURES .CENTRE SECTION
) FEEL CONFIDENT .20

DEFINE YOUR IDEAL .24
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OPREPARE FOR

A FRESH EXPERIENCE

The Almars now Jooks siesker then sver. Our designets have sculpted its styling

ta creste a streamiined, wind-smoothed shape that's accontuated by the high

officiency projector lens tront and rear lights.
To malch its sporting appaedrance, tho Almora has genuine perlol and sophisticuti
To salisty the enthusias! driver, thero’s a high output 2.2 d(i 136 diesel engine. And in the cockpil.
a command centre 1hal uses unique Nissan lechnology 1o make contro! pastor and mose natural,
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OPEN SPACE,
CLEAR MIND

The Almera has an.uplifting sense of spaciousness, achioved by large

windows, fresh Interior decor and useful storage spaces. Sensible

detsiis such as ihe silde-out cupholder help to make the whole Interior

fool open and uncluttered.
Keoping a clear mind helps you make belles decisions and feel in total control.
So wa've mimmised potential distractions by putting remale audio conitols
on the sleeting wheel, where you can reach them easily, Whon you need -
your sunglasses, you'll find them quickly and easily in the the softly lined,
rapl ted sungl holder,

.10
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BECAUSE YOU
LOVE LIFE

Safoty is one of the Almera's great strengths. its snergy absorbing upper body structure

and rigid safety cell halpad it scare {our stars in the Euro NCAP impact resistance tosts,

80 you can be sure of weli-engineered, effective protection.
Both tha driver and front passonger benelit from front aisbays, filled as standard on all models,
Host grades have fronl seat mounted side aitbags and anti-whiplash Active Head Restraiols
to ansure optimum protaclion. Life is fun, but Iike you we'ra serious aboul sulety.
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YOU HAVE THE LAST WORD

Wo've designed, engineered and bullt the Aimera to offer you a blond of pleasing, practical
ang attractive features. Including a long list of standard equipment.
Now it’s time you took ovet, Ask your dealer about the wide range ol accessories that
have haen specially designed to enhance the Almera. Enjoy making your cholces, And
create a unique Almera thal's thy last word in individuality,

01 « Ultrasonic Rear Parking Syst A les foatured on opposite page:
02 - Rear spoiler, saloon Large roof spailer, rool bars,

03 - Handslree telophone kil ' Evolution 100 roof box,

04 - NATS 2000 alarm upgrade Jade 167 uligy wheels and fixed towbar

(fitmant requires culting into bumgpe).
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Appendix 4

An example of a “Design Guide”
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Title:

Design Review

No: 06 01 DES

Page: 1 of 11
| Date: 10/05/99
| Issue: VKO

Approved:

General Manager - VKO

Purpose

To improve development quality (right first time design)

To improve development efficiency

To manage DR activity systematically

Scope

All of developments for which NETC issue drawings.

Carry over parts on new model. (no drawing issued)

Responsibility

DR activities are categorized as 2 types (Section DR and Department

DR) depending on the degree of newness, seriousness, customer

sensitivity, and warranty exposure.

Section DRs are managed by each section (chaired by manager) and
Department DRs are managed by VKO (chaired by general manager).

These DRs are not duplicated.

3-1. Action guideline

Reviewer

DR |Timing|  Purpose [Level |Chairman _Tool
: f Rev1§w of basic idea .(concept sheet | #1DR procedure
review N & 1. Decide Category . : , .
1-45to - . . /|Director or | GM,Mgr of | guide,
#1 | (Section or Dept DR). Review cost, | A ; A
35 . : GM Design,Test || categorisation
weight, and trend. Confirm that checklist
. _|advanced developmenthas finished. | | | L
' : N Director or | GM,Mgr of
| Review of planning drawing prior || = | GM | Design,Test || #2DR procedure
[#2] -31 to c-lot release. Reviewl/o, cost, Senior, guide, tool like -
weight, open concerns. B Mgr Sokatsu of FMEA/FTA
‘‘‘‘‘‘‘ | DesignTest |
A Director or | GM,Mgr of ;
1 Review of planning drawing prior | = | GM Design,Test ‘| #3DR procedure |
1#3 21 to c-lot release. Reviewl/o, cost, Senior, guide, tool like
: weight, open concerns. B Mgr Sokatsu of | FMEA/FTA
_ B | Design,Test |
#4 16 Review of planning drawing prior Al oM Mgr of #4DR procedure
1 | toc-lotrelease. Reviewl/o, cost, || * | Design,Test | guide, tool like




4.
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" Senior,
B Mgr Sokatsu of
Design,Test |
A GM Mgr of
‘ Review of planning drawing prior | = | Design,Test | #5DR procedure
1#5 -9 to c-lot release. Reviewl/o, cost, Senior, guide, tool like
weight, open concerns. 1 B Mgr Sokatsu of FMEA/FTA
- | DesignTest |
T A Director or:| GM,Mgr of 3
Review of planning drawing prior | = | GM Design,Test | #6DR procedure
|#6 -6 to c-lot release. Reviewl/o, cost, Senior, guide, tool like
| weight, open concerns. B Mgr Sokatsuof || FMEA/FTA
~Design,Test
References

4-1. Timing guideline
4-2. Guideline for Department DR

Fill in the categorization check list and categorize the system as A or B
according to the criteria below.

Categorisation Checklist

Introduction (Notes)
5-1. DR1~DR6 should be considered as a guideline.

5-2. Considering difficulty of development for each system, each design
manager to decide at which stage DR meeting to be held at. (For
example extra DR (like a DR3.5) could be held if necessary. Some DR
could be skipped if they are judged not necessary.)

5-3. Each engineer to make a DR schedule for his/her parts and to be
approved by manager after DR1 (after categorization).

5-4. DR schedule for the department DR items to be copied to the
Deputy shatan and managed by the DR status management rule.

Procedure

See ‘How to manage design review'. (Common for all DR1~6): page 2

Appendices
DR categorization check list (for DR1) and how to.
DR minutes format and how to.

DR status management rule (for department DR)
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6.0.0 How to manage design review (Common for DR1~6)

6-0-1. What is a Design Review ?

A 'Design Review' (DR) is a formal checkpoint in the development process. It is
a meeting led by the design engineer to review the status of the development
from a design point of view. It is an opportunity for the design engineer to;

* Explain the status of the parts according to the development targets
* Point out any concerns

* Get feedback

* Request information or actions from other areas

* Get judgement where necessary

6-0-2. Preparation
1.) Decide the Attendees

The level of the attendee (GM, Manager etc) is determined by the category A or
B as decided in the DR1. The people who will run the DR (Chairman, Reviewer,
Secretary) must of course attend along with the relevant nominees from the
other design sections, test department, NMUK and the Supplier. Invite the
people who need to hear your information or from whom you need feedback or

judgement.
2.) Schedule the DR

The key point to consider when scheduling the DR is the each Spec Tender
timing. The DR must be held with enough time to modify the Spec Tender
contents based on the feedback (remember the purpose !). Two weeks before
the S/T is a good guide.

3.) Decided what needs to be reviewed (Agenda)

See the example agenda. This is the minimum that should be included. It
should be added to considering the purpose of the each DR and depending
upon the part/system being reviewed.

4.) Prepare and issue the Agenda

Provide an opportunity for the interested parties to 'preview' the DR information.
This should make the DR itself more efficient. Issue the agenda about 1 month
before the DR.

5.) Gather information

The key point is to identify as early as possible what information you do not
have. Then you can decide how to get it. If you need information from other
people ask them early. Make a rough checklist and personal schedule to work
to. However well you plan it there will always be a last minute rush, however
there should be no reason to delay the DR once the agenda is issued.
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6.) Prepare a 'DR Summary Sheet

This should be an A3 sheet which will summarize the key points of the DR. It
will be the focus of the DR itself - to be used by the Presenter. The format of the
summary sheet is flexible.

7.) Prepare Yourself

As well as the obvious task of gathering the information, you will need to take
some time to prepare yourself. Remember, this is a key checkpoint in the
development. The DR is for the Design Engineer's benefit. Consider what you
want to get out of it - What are the key points you need to get across ?

What do you need others to do for you ? Which sticking points need a
judgement from GM or Director ? etc.... An effective DR will make your life
much easier in the future !

8.) Ensure Attendance

Although you have pre-checked availability and issued the agenda it is a good
idea to telephone the attendees one or two days before to confirm their
attendance. If for some reason they cannot attend then insist they send a
suitably briefed representative - not just a 'messenger’

6-0-3. Holding the Design Review

1.) Timekeeping

Start on time - do not waste the time of 20 people for the sake of 1 latecomer !
Finish on time — remember many of the attendees will have other meetings,
coaches to catch etc. You must conclude before people start 'drifting off'. The
meeting itself should last no more than 3 Hours otherwise it will not be effective.
It is the responsibility of the Chairman to ensure the meeting keeps to schedule.

2.) Responsibilities

Decide before the meeting who will do what (according to the Category). The
Chairman should make clear the roles to the attendees as part of the
introduction. Remember your role/responsibility and stick to it. A
Senior/Engineer will usually be acting as the 'Presenter’.

3.) The Role of the Presenter

It is the Presenter who will do most of the work in the Design Review, but
remember - it is for your benefit. The Presenter must first of all outline what will
be reviewed. Then the actual 'reviewing' takes place. Using the Summary Sheet
as a guide as a focus explain the status of the development.

Remember, although you are the presenter it is your job to promote discussion.
Ask people if they agree, understand, what their opinion is etc.

*At first briefly explain the key 'already decided' items but remember the main
purpose is to discuss/conclude the concern items. The purpose of the DR is not
to show how clever you are !
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*Next, explain the open concerns which you have encountered during the
development. After each concern make a proposal for how to progress then
have a discussion - this is very important. The Chairman should control the
discussion and make clear the agreed actions. Some items may need
discussion outside the DR. The Secretary should record the concern, action,
responsibility and date on the whiteboard.

*After all of your concerns have been discussed then review in the same way
each of the 'pointed out' concemns which have been raised by the attendees
(post-its etc.). Each concern should have a name attached to it. In this case the
person who raised the concern should propose a possible countermeasure - it
is very easy but not constructive to just point out concerns.

*Next, explain clearly your requests to other areas. What exactly do you want
who to do and by when ? h

*Finally you should briefly explain your future schedule to Design Note release.

It is of course essential that the Presenter is the person most familiar with the
system.

4.) Concluding the Meeting

The conclusion of the meeting should be a brief summary of the minutes from
the whiteboard. This will give people a chance to disagree before it is too late.
In any case it is a good idea to check agreement before pressing the 'Print’
button while the actions are clearly visible. The Chairman should conclude the
meeting.

6-0-4. Follow Up

If the Design Review is to be successful it is essential that there is effective
follow up activity;

1.) Prepare and Issue the DR Minutes

As time is of the essence it is important to issue the Minutes as quickly as
possible. The minutes themselves will already have been prepared on the
whiteboard. It is simply a case of transferring them to the Minutes proforma. In
any case the minutes should be issued to everybody who needs to see them
within 2 days.

2.) Progress your own Responsibility Items

Unfortunately it is likely that most of the actions from the DR will be fully or
partially your responsibility. It is vital that you progress these actions as keenly
as possible.

3.) Collect and Chase-up all Actions

Make sure that the attendees are doing what they committed to - especially the
key items.
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4.) Modify the Spec Tender Contents

Remember the purpose of the DR. The Spec Tender contents should be
modified according to the result of the DR.

5.) Issue the Spec Tender

Some items may not be resolved in time for the initial Spec Tender. In that case
issue a follow-up Spec Tender as soon as possible once the item is concluded.
Try to make this the exception.

6.) Schedule the next DR

To review the result of your excellent activity !
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6-1-1 DR1 process- ‘How to carry out a DR1’

Purpose of DR1: ‘To confirm the contents of the concept sheet is what
NISSAN wants’

‘To define difficulty of development and agree category of DR’

Remember this is the spirit of the activity (bear this in mind when unclear how to
proceed)

Basic process:

To present to all the relevant parties, your basic design intent for the system, to
get feedback on that idea and to get agreement of development based on the
idea presented (concept sheet).

Timing:

Considering kick off timing of development (when you need to start detail
planning and feed it into NTC design). Of course it should be held before PPD
hearing.

Shown below is the detailed timing for the DR1.

-4 weeks prior to DR1: Book a room, Issue agenda. (4 weeks to prepare
summary)

-1 day prior to DR1: Pre review (check if all of contents covered)
0 : DR1 meeting

+2 days latest, Issue minutes

Preparation checklist:

1.)Confirm availability of attendees who must attend.

2.)Ensure all relevant information is available for the DR. Summarize them on a
concept sheet or additional sheet which should include the following:

*Customer benefit from the system.

*Cost, Weight, Packaging size.

*Competitor trend in Europe.

*Requirement to other areas.

*Advanced development status (if new).

*Open concerns

3.)Book a room (at least 4 weeks before the DR).

4.)Issue an agenda at least 4 weeks before the DR.
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Who to invite:

This depends on the category of DR, but it must include representatives from:
related test sections, materials dept, NMUK engineering, VQA and Specialist for
the system (even from other dept.)

What must be presented:

1.) The concept sheet (Refer concept sheet procedure)

2.) Categorisation Checklist

3.) Target performance (including customer requirements)
4.) Development timing plan including the plan for each DR(2~6) following.
5.) Make request to other sections/departments

How to run the DR:

1.) Make sure all parties have an opportunity to review the information prior to
the DR. One way is to allow an informal review of the concept sheets one day
before the DR.

2.) Timing: Start on time. The review should last no longer than 2 hours and
keep to the schedule.

3.) A team of three people should run the DR:

Chairman: who should manage the meeting.

Presenter : making the explanation and should be the expert on the parts.
Secretary : to take the minutes

4.) Minutes should be clearly shown on a white board (remember to check
agreement before printing).

Common mistakes:
1.) Don’t forget to remind people to attend 2 days before the review.

2.) Make sure you have enough time to make change to your design concept
and include them in the final concept sheet which will be issued to OPPD
following the DR.

3.) The DR should not be in the form of a presentation. It should be in the form
of: inform, discuss, conclude the chairman should control this.

Follow up actions:
DR1 minutes should be issued 2 days following the DR.
1.) Modify concept sheet if necessary.

2.) Timing plan for department DR items must be copied to vehicle shatan.
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6-2-1 DR2 process- ‘How to carry out a DR2’

Purpose of DR2: ‘To confirm the contents of the Clot spec tender is what
NISSAN wants’

Remember this is the spirit of the activity — (bear this in mind when unclear how
to proceed)

Basic process:

To present to all the relevant parties, your design detail for the parts, to get
feedback on that design and to get agreement.

Timing:

The key point to consider when scheduling the DR#2 is the C-lot Spec Tender
timing. The DR must be held with enough time to modify the Spec Tender
contents based on the feedback (remember the purpose !). Two weeks before
the S/T is a good guide. Propose a date and check the availability of the key
members. The date for the DR should be decided at least 2 months before the
C-lot Spec Tender - if not you will have no time to prepare it ! Shown below is
the detailed timing for the DR2.

-4 weeks prior to DR2: Book a room, Issue agenda. (4 weeks to prepare
summary)

-1 day prior to DR2: Pre review (check if all of contents covered)

0:DR2

+2 days latest, Issue minutes

Preparation checklist:

1.) Confirm the category of the DR. This defines the level of the DR and confirm
who should attend.

2.) Ensure all of relevant information is available for the DR. Summarize them
on a sheet which

should include the following:

*Basic concept (a reminder)

*Planning assumptions (part category, key development objectives, etc)
*Status Vs Target

*Open concerns (with planned action)

*Request to other area

*Short term schedule (up to design note release)

3.) Book a room (at least 4 weeks before the DR).
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4.) Issue an agenda at least 4 weeks before the DR.
Who to invite:
This depends on the category of DR, but it must include representatives from:

all related design sections, related test sections, materials dept, NMUK
engineering and VQA.

What must be presented:

1.) The design concept (planning drawing, refer planning drawing procedure)
2.) Target performance (including customer requirements)

3.) The design (most important items), CAD layout drawings showing your and
related parts.

Remember- One of the objectives is confirming that the data you have used is
accurate.

4.) Explain and re-confirm any assumptions that you have made including those
for related and

processes.
5.) Make request to other sections/departments

How to run the DR:

1.) Make sure all parties have an opportunity to review the information prior to
the DR. One way is to

allow an informal review of the planning drawings day before the DR.

2.) Timing: Start on time. The review should last no longer than 2 hours and
keep to the schedule.

3.) A team of three people should run the DR:

Chairman: who should manage the meeting.

Presenter : making the explanation and should be the expert on the parts.
Secretary : to take the minutes

4.) Minutes should be clearly shown on a white board (remember to check
agreement before printing).

Common mistakes:

1.) Don't forget to remind people to attend 2 days before the review.

2.) Make sure you have enough time to make change to your design and
include them in the c-lot

Spec tender following the DR.
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3.) The DR should not be in the form of a presentation. It should be in the form
of: inform, discuss, conclude the chairman should control this.

Follow up actions:
1.) DR2 minutes should be issued 2 days following the DR.

2.) All actions to be followed up prior to the Spec tender release.
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6-3-1 DR3 process- ‘How to carry out a DR3’

Purpose of DR3: ‘To confirm the contents of the production spec tender is
what NISSAN wants’

Remember this is the spirit of the activity —(bear this in mind when unclear how
to proceed)

Basic process:

To present to all the relevant parties, your design detail for the parts, to get
feedback on that design and to get agreement.

Timing:

The key point to consider when scheduling the DR3 is the production Spec
Tender timing. The DR must be held with enough time to modify the Spec
Tender contents based on the feedback (remember the purpose !). Two weeks
before the S/T is a good guide. Propose a date and check the availability of the
key members. The date for the DR should be decided at least 2 months before
the production Spec Tender - if not you will have no time to prepare it ! Shown
below is the detailed timing for the DR3.

-4 weeks prior to DR3: Book a room, Issue agenda. (4 weeks to prepare
summary)

-1 day prior to DR3: Pre review (check if all of contents covered)
0:DR3
+2 days latest, Issue minutes

Preparation checklist:

1.) Confirm the category of the DR. This defines the level of the DR and confirm
who should attend.

2.) Ensure all of relevant information is available for the DR. Summarize them
on a sheet which should include the following:

*Clot result (CUS, NTI, STRS )

*Countermeasure for production release

*Open concerns (with planned action)

*Request to other area

*Short term schedule (up to design note release including tooling timing)
3.) Book a room (at least 4 weeks before the DR).

4.) Issue an agenda at least 4 weeks before the DR.
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Who to invite:

This depends on the category of DR, but it must include representatives from:

all related design sections, related test sections, materials dept, NMUK
engineering and VQA.

What must be presented:

1.) The c-lot parts.

2.) All of C-lot concerns (concern memo, CUS, NTI, test report....)
3.) QCD info. (Target performance, cost, weight, timing....)

4.) Minutes of DR2

5.) Make request to other sections/departments

How to run the DR:

1.) Make sure all parties have an opportunity to review the information prior to
the DR.

2.) Timing: Start on time. The review should last no longer than 2 hours and
keep to the schedule.

3.) A team of three people should run the DR:

Chairman: who should manage the meeting.

Presenter : making the explanation and should be the expert on the parts.
Secretary : to take the minutes

4.) Minutes should be clearly shown on a white board (remember to check
agreement before printing).

Common mistakes:
1.) Don’t forget to remind people to attend 2 days before the review.

2.) Make sure you have enough time to make change to your design and
include them in the production spec tender following the DR.

3.) The DR should not be in the form of a presentation. It should be in the form
of: inform, discuss, conclude the chairman should control this.

Follow up actions:
1.) DR3 minutes should be issued 2 days following the DR.

2.) All actions to be followed up prior to the Spec tender release.
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6-4-1 DR4 process- ‘How to carry out a DR4"’

Purpose of DR4: ‘To confirm the contents of the production spec tender is
what NISSAN wants’ based on the results from trial/test with modified c-lot

parts.

Remember this is the spirit of the activity — (bear this in mind when unclear how
to proceed)

Basic process:

To present to all the relevant parties, your design detail for the parts, to get
feedback on that design and to get agreement.

Timing:

The key point to consider when scheduling the DR4 is the timing of modification
for the production Spec Tender. The DR must be held with enough time to
modify the Spec Tender contents based on the feedback (remember the
purpose !). Propose a date and check the availability of the key members. The
date for the DR should be decided at DR3 - if not you may have no chance to
change production spec tender contents ! Shown below is the detailed timing for
the DR4.

-2 weeks prior to DR4: Book a room, Issue agenda. (2 weeks to prepare
summary)

-1 day prior to DR4: Pre review (check if all of contents covered)
0: DR4
+2 days latest, Issue minutes

Preparation checklist:

1.) Confirm the category of the DR. This defines the level of the DR and confirm
who should attend.

2.) Ensure all of relevant information is available for the DR. Summarize them
on a sheet which should include the following:

*Specific purpose of DR4 activity for the system

*Result of trial with modified Clot parts.

*Proposal of specification for the production parts(E2 parts)
*Request to other area

*Short term schedule (up to production tool completion)

3.) Book a room (at least 2 weeks before the DR).

4.) Issue an agenda at least 2 weeks before the DR.
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Who to invite:

This depends on the category of DR, but it must include representatives from:

all related design sections, related test sections, materials dept, NMUK
engineering and VQA.

What must be presented:
1.) The C-lot parts modified.

2.) C-lot concerns (concern memo, CUS, NTI, test report....)
3.)

4.) Minutes of DR3

Results from trial/test using modified c-lot parts.

5.) Make request to other sections/departments

How to run the DR:

1.) Make sure all parties have an opportunity to review the information prior to
the DR.

2.) Timing: Start on time. The review should last no longer than 2 hours and
keep to the schedule.

3.) A team of three people should run the DR:

Chairman: who should manage the meeting.

Presenter : making the explanation and should be the expert on the parts.
Secretary : to take the minutes

4.) Minutes should be clearly shown on a white board (remember to check
agreement before printing).

Common mistakes:

1.) Don't forget to remind people to attend 2 days before the review.

2.) Make sure you have possibility to make change to your design and include
them in the production design note following the DR.

3.) The DR should not be in the form of a presentation. It should be in the form
of: inform, discuss, conclude the chairman should control this.

Follow up actions:

1.) DR4 minutes should be issued 2 days following the DR.

2.) All actions to be followed up prior to the Spec tender release.
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6-5-1 DRS5 process- ‘How to carry out a DRY’

Purpose of DR5: ‘To confirm the specification of the production parts is what
NISSAN wants’

Remember this is the spirit of the activity — (bear this in mind when unclear how
to proceed)

Basic process:

To present to all the relevant parties, your design specifications for the parts, to
get feedback on that design and to get agreement.

Timing:

The key point to consider when scheduling the DR5 is the timing of modification
for T1. The DR must be held with enough time to modify the T1 Spec Tender
contents based on the feedback (remember the purpose !). Propose a date and
check the availability of the key members. Shown below is the detailed timing
for the DR5.

-4 weeks prior to DR5: Book a room, Issue agenda. (4 weeks to prepare
summary)

-1 day prior to DR5: Pre review (check if all of contents covered)
0:DR5
+2 days latest, Issue minutes

Preparation checklist:

1.) Confirm the category of the DR. This defines the level of the DR and confirm
who should attend.

2.) Ensure all of relevant information is available for the DR. Summarize them
on a sheet which should include the following:

*E2 result (CUS, NTI, STRS )

*Countermeasure for T1 release

*Open concerns (with planned action)

*Request to other area

*Short term schedule (up to design note release including tooling timing)
3.) Book a room (at least 4 weeks before the DR).

4.) Issue an agenda at least 4 weeks before the DR.
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Who to invite:
This depends on the category of DR, but it must include representatives from:

all related design sections, related test sections, materials dept, NMUK
engineering and VQA.

What must be presented:

1.) The off tool parts (E2).

2.) All of E2 concerns (concern memo, CUS, NTI, test report....)
3.) QCD info. (Target performance, cost, weight,....)

4.) Minutes of DR3 and DR4

5.) Make request to other sections/departments

How to run the DR:

1.) Make sure all parties have an opportunity to review the information prior to
the DR.

2.) Timing: Start on time. The review should last no longer than 2 hours and
keep to the schedule.

3.) A team of three people should run the DR:

Chairman: who should manage the meeting.

Presenter : making the explanation and should be the expert on the parts.
Secretary : to take the minutes

4.) Minutes should be clearly shown on a white board (remember to check
agreement before printing).

Common mistakes:

1.) Don't forget to remind people to attend 2 days before the review.

2.) Make sure you have enough time to make change to your design and
include them in the T1 modifications following the DR.

3.) The DR should not be in the form of a presentation. It should be in the form
of: inform, discuss, conclude the chairman should control this.

Follow up actions:

1.) DRS minutes should be issued 2 days following the DR.

2.) All actions to be followed up prior to the Spec tender release.
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6-6-1 DR6 process- ‘How to carry out a DR6’

Purpose of DR6: ‘To confirm the specification of the production (T1) parts has
no concerns’

Remember this is the spirit of the activity — (bear this in mind when unclear how
to proceed)

Basic process:

To present to all the relevant parties, your design specifications for the parts, to
confirme and to get agreement.

Timing:

The key point to consider when scheduling the DR6 is the timing of modification
for T2. The DR must be held with enough time to modify the T2 Spec Tender
contents based on the feedback (remember the purpose !). Propose a date and
check the availability of the key members. Shown below is the detailed timing
for the DR6.

-2 weeks prior to DR6: Book a room, Issue agenda. (2 weeks to prepare
summary)

-1 day prior to DR6: Pre review (check if all of contents covered)
0:DR6
+2 days latest, Issue minutes

Preparation checklist:

1.) Confirm the category of the DR. This defines the level of the DR and confirm
who should attend.

2.) Ensure all of relevant information is available for the DR. Summarize them
on a sheet which should include the following:

*T1 result (CUS, NTI, STRS)
*Countermeasure for T2 release (if necessary)
*Open concerns (with planned action)
*Request to other area
*Development timing plan up to SOP.

3.) Book a room (at least 2 weeks before the DR).

4.) Issue an agenda at least 2 weeks before the DR.
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Who to invite:
This depends on the category of DR, but it must include representatives from:

all related design sections, related test sections, materials dept, NMUK
engineering and VQA.

What must be presented:
1.) The T1 parts.
2.) All of T1 concerns (concern memo, CUS, NTI, STRS, test report....)

3.) QCD info. (Target performance, cost, weight.)
4.) Minutes of DRS5.
5.) Make request to other sections/departments

How to run the DR:

1.) Make sure all parties have an opportunity to review the information prior to
the DR.

2.) Timing: Start on time. The review should last no longer than 2 hours and
keep to the schedule.

3.) A team of three people should run the DR:

Chairman: who should manage the meeting.

Presenter : making the explanation and should be the expert on the parts.
Secretary : to take the minutes

4.) Minutes should be clearly shown on a white board (remember to check
agreement before printing).

Common mistakes:
1.) Don't forget to remind people to attend 2 days before the review.

2.) Make sure you have enough time to make change to your design and
include them in the

T2 modifications if necessary following the DR.

3.) The DR should not be in the form of a presentation. It should be in the form
of: inform, discuss,

conclude the chairman should control this.

Follow up actions:

1.) DR6 minutes should be issued 2 days following the DR.

2.) All actions to be followed up prior to the Spec tender release.
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Appendix 5

Verbatim Interviews With Nissan Managers
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Interview No.1

Almera - Right First Time

New Car Assessment Programme (NCAP)
Target Achievement

JA: John Austin
M1: Senior Engineer Vehicle Safety Group
M2: Senior Engineer Body Design Group.

Place: Nissan Technical Centre
Date: Wednesday 25" July 2001
Time: 3.00pm - 5.00pm

Transcript ‘Whiteboard Notes | Issues Raised
Zonel  The concern was created.
The concern should have been found.
JA: [Presentation to explain the dissertation process] Do not have good data The change of a
Do not have simulation capability | major target caused
JA: I want to focus on the organizational aspects. Renault and others crash lots of disruption to the
M1: A critical issue for NCAP was the change of target (3* to 4*). | cars to compare with simulation programme

A key failing was that the original target was not OK for Europe.
This was the concern creation, between Pilot Plant (PP) and ET.
The concern should have been found before C-Lot at the
beginning.

M2: It was a marketing feature and should have been in the target
setting of the vehicle.

M1: There was a problem, achieving 3* at this stage as well.

JA: Why was it a concern that 3* was specified as against 4*

M1: My understanding is that the European side recommended 4*
NCAP but 3* was selected as an average but competitive level. It
was not understood that NCAP was becoming a big issue.

M2: The marketing trend was unclear.

JA: Why was that?

M2: At that time the European voice had little influence on the
target setting of the vehicle, it was mainly centred in NTC Japan.
The UK arm of NTC is resourced to deliver a concept that is
generated in Japan. We were not resourced to research the market.
Now that’s changed somewhat.

M1: As a countermeasure we’re getting involved earlier now.
JA: Are then any other issues?

M1: We seem to be an engineering led organization rather than a
marketing led organization. We don’t understand what our
customers really want. We only have 1 or 2 weeks to investigate
concept sheets. There is not the time in the process.

M2: That’s because we are resourced to deliver. We are a delivery
company.

JA: Do you know of the Marketing department’s involvement?
M1: They were pushing for 4*. It was a combined effort that got
the target changed. We have another concern. We set the
specification based on the best information we have at the time. It
takes a great deal of effort to get the target changed if the
competition have moved on, we need a great deal of justification.
M2: It would be difficult to track every feature, but key features
should be prioritised and tracked in the market. They are the
fundamentals you are trying to sell the vehicle on. Nissan needs a
rapid response mechanism.

M1: We also need to have marketing information to hand rather
than search for the information.

JA: Is the marketing information available now?

M1: It needs to be hunted for. A general issue is getting marketing
requirements into something that can be understood by the
technical people and delivered. There is a gulf at the moment.
M2: QFD is used for that. We can’t expect the marketing guys to
get to this level, but at least they should be getting part of the way.
JA: The programme is 31 months, will there be marketing
changes?

M1: Its lack of information. There was a big fight from C-Lot to
get the target changed.

M2: The new organizational structure (Chief Product Specialist)
should monitor that.

NTC - bare minimum crash
testing

Only use simulation for a problem
C/m use Renault platforms

Now doing simulation validation
work (building expertise)

Nissan vehicle structure, not
simple for crash analysis.

Good understanding — concern
immediately apparent

Flexible workforce

A conservative level
of competitiveness

was selected despite
some disagreement.

The product planners
were not expert at
understanding the
European market.

Nissan is an
engineering led, not
market led
organization

The company is
resourced for
research it is resource
to be a product

delivery company.

Hard information was
required to justify a
change. Often this is
difficult to get,
delaying the decision.
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Zone?2  The concerns should have been found

The concern was found

JA: Onto the next quadrant, concern should have been found,
concern was found.

M2: An issue of simulation. We do very little crash testing and
therefore there is little correlation to or simulation. Little resource
to extend into that area. We may be over cooking the design in
some areas and undercooking in others, we don’t know.

M1: We adopt a belt and braces attitude to design, adding lots of
cost to make sure it works.

JA: Is that because you don’t fully understand so therefore add a
safety margin?

M2: We have the understanding, but out process is not robust
enough to give us enough data.

M1: The outcome was quite good, considering the amount of data
that was available.

JA: Where does the issue sit on the T Matrix?

M1: We should have been able to find the crash performance
concern at C-Lot. We confirmed we had the problem, probably at
ET.

M2: Yes, we should find it at the correlation stage, at C-Lot.

M1: We have a fundamental problem with our design process to
support crash testing. Right at the beginning we do not have
particularly 3D CAD data, which is needed for the simulation
models. Also at the moment we do not have the resource or
expertise to do a particularly good crash test job at the moment.
M2: We now know that Renault and our competitors crash a lot of
cars.

M1: Yes, they are correlating aspects of their model ...early on in
the programme. Nissan, tends to reach for the simulation when
there is an actual problem.

M2: You would anticipate that the platforms should be correlated
against the simulation.

JA: Do competitors develop simulation competencies during a
development, or by crashing production vehicles outside a
programme?

M1: I believe they do both. And this is now starting in NTC
(Japan).

JA: Were there delays in deciding if there was a concern?

M2: It was apparent immediately, it was just a lack of data. We
are good at countermeasuring when we have data. We are good at
that, we have a flexible workforce that will move heaven and earth
to solve the concem, its just the tools don’t give us the concern up
front.

Decision to manage separately
Solution:

Simulation ability

Evaluation of c¢/m attributes and
difficulty

Knowledge — simulation
Pressure — delivery

The organization was
not expert at
simulation; therefore
it was difficult to
predict if some items
were right first time.

This technique results
in over engineering in
some areas. Under

engineering in others.

Technical people
lacked data to make
informed decisions.

Design techniques
did not support
design simulation
techniques.

The company was not
resourced to do
simulation work.

Nissan has a flexible
and committed
workforce

Zone3  The concern was found

The countermeasure should have been established.

JA: Next one, the countermeasure should have been established. ..
M1: It took 2 or 3 iterative loops before it was finally resolved.
M2: A problem was that we were increasing the vehicle weight
with countermeasures and making the problem worse. When the
size of the issue was apparent, there was a decision to manage it
separately.

M1: The individual countermeasures were actually found quickly,
but an overall solution took time to implement.

M2: The issues could be evaluated on an individual basis.

M1: We do have a tendency to analyse individually each of the
symptoms rather than the root cause.

JA: Why do you think these countermeasures weren’t evaluated
together?

M1: There has never been a good simulation model, there wasn’t
the resource or knowledge in NTC to carry one out.

M2: When you have x number of weeks to the launch of the
product, you then have very angry men from production beating
you over the head with a stick saying “what’s the solution”.

JA: That’s pressure for a solution?

M2: Yes, what’s the priority, Quality, Cost or Delivery.

M1: Because we don’t have a simulation model baked into the
process, we don’t have the time to create a model, so we return to
iterative testing.

M2: I have the view that the crash IT software is not driven by
Japan, its usually American, so there are language issues.

JA: Why does that present a problem?

M1: There is another level, these systems have developed a lot in
the last 5 years. There was a suspicion in NTC that they if didn’t

No design by test — costs money /
skills
Development investment
Software technology is not
Japanese

- Language

- NTC suspicious of

worth

Culture — Kaizen, needs a jump to
accept risk

NTC — now ¢/m — Renault
alliance

Things rejected because they
didn’t work in the past

In spite of technical changes
One solution — “same as last
time”

Cannot get ¢/m — time to make
the parts
Flexibility — Quick reaction

An inability to
predict meant
iterative test loops
that used up time.

Production
aggression to meet
the schedule was
evident.

Technological
progress was at odds
with the culture of
Kaizen. “If it didn’t
work, its not the way
forward”.

Young /not senior did
not want to push
risky things,
deferential

Ultimately end up

with one solution, the
same as last time.

Organization (people)
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give you the answer you were looking for, then it was decided that
this wasn’t the way forward.

M2: This is a company culture issue. We have the Kaizen culture,
to use this type of system represented a risk. The young managers
would not push it because they would get knocked down.

Mi1: The company culture was at work, if something goes wrong
or doesn’t work steps are taken to make sure that path is never
trodden again. This was the case with simulation. “It will never
work”. Even though the technology is changing, the markets are
changing and people’s expectations are changing. It is better now
and simulation is used (as a result of Renault).

M2: There are these cultural restrictions. Ultimately you end up
with one solution, the “same as last time”. But it is getting much
better.

JA: In terms of the T Matrix?

M1: Countermeasure should have been established at T1.

JA: Why was the delay?

M2: It takes time to make the new parts.

JA: You’ve highlighted speed of response

M1: Yes thing happened faster than I expected.

were very fast to
respond.

Zone4  Countermeasure should have been established.

Countermeasure was establish

JA: Lastly, when was the countermeasure established?

M2: Full countermeasure was at SOP.

M1: This was mainly due to the factory, they wouldn’t accept
changes and wanted a package of changes. It was established in 2
parts, confirmed by test at T2 but full validation was not until after
SOP.

JA: Why was it not on the T-matrix line?

M1: A loop was required.

JA: You mentioned the factory, what was their role?

M1: Sheer Panic to start with!! Because of the list of change parts.
M2: They were concerned because of confusing communication
from the Japanese manager. That was why I was brought in to
assimilate data and explain it to the plant. This helped their
internal planning.

M1: It helped Design because we weren’t bombarded by questions
from the factory, M2 was the focus of their aggression.

JA: You mentioned aggression, was it an issue?

M2: They got quite aggressive, beating the table and shouting. My
approach was data and facts, this is the situation we in.

JA: Why were they getting aggressive?

M2: They want a design freeze and then they try to stabilize their
process to achieve a quality level. This went against the principles
of their management processes.

M1: This is where in Nissan the plant and the market are totally at
odds. The factory wants a simple product, the Design frozen 1 year
before production. The market wants to meet consumer demands.
We’re in the middle, meet these demands whilst keeping the plant
happy. Almera NCAP was out of their expectation, we said we
cannot keep your schedule (factory) please add new parts while
you are preparing for production.

M2: With compressed programmes they’re having to become
more flexible.

JA: They need to become more flexible?

M2: To be fair they have to meet their own internal targets.

M1: They delivered what was asked of them. We need to
understand each other’s requirements. Its fair to say the plant is
stronger than Design, although the balance of power is shifting to
the market, NTC is finding its feet.

M2: Now cost, including cost of process is a key-deciding factor.
JA: Any other relationship issues?

M2: The plant must have been exasperated, frustrated because we
had to change after the tests.

M1: Now we’re better able to simulate, and give them more
confidence. Japan side now trusts the European side more. We
achieved 4* but they’re struggling.

M2: I felt quite exposed in the relationship with plant.

M1: So did I because there were things happening I didn’t know
about in the “Japanese side of the organization”. But at times it
may have been the most efficient way, but it was risky.

M2: Its an interesting point, how many areas of excellence do you
have? Europe Japan...

M1: Or Renault. My feeling we need expertise here.

Additional loop
Need confirmation ‘gut feeling’

Plant

Panic (70/80 parts)

Japan staff communication — ¢/m
Colin D to give confidence
Help internal planning
Aggression — Support with data
and facts

Went against processes (quality)
Plant requirement — simplicity
NTCE/NMUK mutual
understanding needed

NMUK stronger — not shifting
Shift to market demands

“At all costs must achieve”
Evaluate costs at the end
C/m now must achieve cost

Plant relationship — exasperated
by changes

Colin exposed, not controlling the
design but has to sell to NMUK
Things happening in the Japanese
side of the organization (Euro
side not briefed or involved) -
may be efficient but with some
risk.

How many areas of excellence?
Cost impact (Japan, Europe or
now Renault)

High workload throughout
Requirement for organizational
learning — no money funded by
programme

There is no slack to be creative
Culture of “busy/busy” should be
busy all the time

The Factory had
strong influence on
vehicle content (to
meet the schedule
and quality)

The Factory
panicked, they were
under pressure to
deliver quality on
time.

Factory people
displayed aggression
aggressive.

Design were in the
middle. The Factory
wanted simplicity,
the market wants
complexity.

The Factory were
stronger, but this is
changing.

The company
emphasis was on
delivery, not leaming.

The organization is
learning from the
Almera experience.

The company is
staffed to deliver, no
slack

There is a culture of
‘busy, busy’ does this
stifle creativity?
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M2: That becomes a company direction and cost issue. Of course
it can be done.

M1: With shortened development lead-times, simulation requires
lots of loops, how do you manage it? The company is currently
overloaded.

M2: We could do a retrospective study of Almera and use it as a
training experience.

JA: An organizational learning activity?

M2: But currently we are funded by programme

M1: We are currently staffed to 100% with no slack.

JA: Does this cause concerns?

M1: It stifles creativity I think.

M2: If you’re doing anything creative, people turn round and say
“that guy hasn’t got enough to do...you should be doing A, B or
(0

M1: A culture of “busy, busy”

JA: Did you find the T-Matrix a useful discussion tool?

M1: It helps to formalise the process that you take.

M2: I’d normally do the review, based on the schedule and
historic data. It’s a different way of thinking about it.

JA: Is it a good communication tool?

M2: It doesn’t jump out at me! It fits with Nissan ways of
communicating.

M1: The definition can be confusion. Also the danger is engineers
are worried about exactly where the point lies.

T Matrix

Helps to formalise — gives a
process

Not obvious as a descriptive tool
Congruent with the Nissan way of
communicating

Limited- tied up with semantics
Danger of technical people too
concerned about where the mark
should go exactly
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Interview No.2

Almera - Right First Time
Product Attractiveness
Target Change

JA: John Austin

M3: Styling Engineer — Nissan Europe Styling Group.

Place: Nissan Technical Centre
Date: Thursday 26" July 2001
Time: 9.00am — 10.30am

Transcript

‘Whiteboard Notes

| Issues Raised

Zone 1 The concern was created.

The concern should have been found.

JA: [Presentation to explain the dissertation process]

JA: When was the concern created?

M3: Probably when they created the master model for that car.
The development probably continued to the first prototype, the
powers that be slightly thinking, “its not the most gorgeous of cars
but its OK”. The timing plans seem to take precedence over
design...that’s changing slightly now. Maybe they hadn’t realised
the jumps the competition were going to make. That car got too far
with not enough substance. When the product planners and
marketing saw the car [C-lot] they realised it needed something
else but the changes were limited because the metal etc. was
committed.

JA: So the concern was created at the planning stage?

M3: Yes and the concern should have been found at the same
time. But the styling drawings can sometimes be misleading, big
wheels and black glass etc., but its their expertise to know this.
JA: Was it a cultural issue?

M3: I don’t think so. We’re not alone, we’re the same as Honda or
Toyota. The European side is at the meetings. Probably the
competition was just stiffer than they thought.

Can’t write a formula for some
things

Creative need at the ‘front end’
Base vehicle under the European
expectation.

Marketing people should have
rejected the original model.

Product planners
accepted the vehicle
concept knowing it
wasn’t market leading.

Marketing didn’t
anticipate the progress
that the competition
would make.

The early styling
renderings were not
always truly
representative of the
finished product.

Capital for production
tooling was committed
before Marketing saw
representative vehicles.

It wasn’t an issue of
national culture

influence (often sighted
as a cause of
conservatism).
European and Japanese
staff were involved.
Meeting the schedule
seemed to have priority
over the design.

Zone2  The concerns should have been found

The concern was found

M3: Quite often the early cars are “quite rough”; it’s difficult for Early prototype cars are not The first prototype cars

marketing to judge. Often the parts aren’t grained and some representative were “rough” and

features are missing. Limited tools to analyse. masked the problem

JA: When was the concern raised? How relevant were

M3: The concern was probably found when we saw the first good | attractiveness points The tools available to

cars, getting on for ET. And at that time a load of new cars had Do something — USP. simulate the finished

just come out, the A3 and the latest Golf...it was “oh sh*t!”. They
thought they had something reasonable, but they were beginning to
realise it wasn’t as good as they thought.

JA: Did they feel they could change it?

M3: By the time they realize it...production tooling is kicked off
before you know it. Do you persevere with it or just “can it”. Ford
canned their people carrier when the 7 seater Zafira came out. And
its [the market] now moved on again.

JA: Why did they wait until they saw cars, what was their reaction
to the clay model? '

M3: I don’t know exactly. But I’'m not very senior so I can feel a
little awkward in that situation. Its difficult to say “I don’t like this
or that” in front of senior people. They are beginning to question
the design a lot more now.

Realised competitor progress
Realised the problem when it
was too late.

Don’t question the design

vehicle were limited.

The culture encouraged
progression of the
schedule at all costs.

Commitments meant
that they were there was
no option to go back to
the drawing board.

Culture discourages
individual to subdue
opinions at odds with
senior people.
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Zone3  The concern was found
The countermeasure should have been established.

M3: They used a point system for attractive features. They thought | Market had moved on. The team sought to
the car was better than it was [score wise] but ultimately the It was an easy way to pacify identify customer
features weren’t that highly valued. The dealers rate them once the | detractors. needs.
customer is in the showroom, but it doesn’t pull the punters in.
Now with have moved to a method that judges what the They considered how
customers’ first impression of the car. People like Audi are very customers used their
good at this. They make it an attractive product without spending cars, what they valued.
money on features.
JA: If it wasn’t the right countermeasure, why wasn’t it right? The focused was on
M3: Arguably it was an easy way to pacify the marketing people what could be done,
without doing anything too drastic. small things.
JA: Why wasn’t anything more drastic done?
M3: There probably wasn’t the time or money. The likes of the Small changes were an
Programme Director would say “you bought the thing off at the easy way to pacify
time, tough luck, flog it”. detractors
JA: Why was there a reluctance to change?
M3: No one wanted to put their hand up. The very senior people A company culture of
had agreed its OK, so why change it. You don’t change it because “you signed it off,
a couple of engineers don’t like it. Once its signed off it goes, therefore it must be
you’re committed to production. OKY”
JA: But Nissan made changes?
M3: We only made little changes, add-ons to the original concept.
Little things to lift it up, to make it competitive. All we were really
allowed to do is little changes. We did surveys, looked at what
people did, what the competitors were doing.
JA: When should the countermeasure have been established?
M3: The next iteration after the problem, T1 I suppose.
Zone4  Countermeasure should have been established.
Countermeasure was establish

Is it RFT or shortened Introduction of the
M3: It took time to develop the prototypes to a stage where they development programme? countermeasures was
could be shown to key people. They looked tacked on and it was If not RFT, it is very hard to delayed by getting
late on before they were acceptable. The countermeasure was change representative parts
established at T2. But it’s a complex issue...the attractive features It has got to be right. that people could

couldn’t possibly solve the total product attractiveness problem.
We got overtaken, we had to re-think.

JA: Anything to do with RFT?

M3: Is it right first time or a shortened development programme.
If you haven’t got it right its very hard to change, your assuming
you’re going to be right first time, not right second time. These
features were applied them to overcome something missing. They
mis-judged the level of the competition...they were taken by
surprise. But you have to be careful, if you launch something too
radical customers won’t buy it.

JA: When were the countermeasures finally introduced?

M3: It was late by the time that things were formalised, getting on
for T1 and then on the car by T2

judge. A possible
countermeasure to
earlier problems with
non-representative
parts?

If it is not right it is
very hard to change.
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Interview No.3
Almera - Right First Time
Pilot Plant — Build Purpose Change

JA: John Austin

Place: Nissan Manufacturing UK
Date: Tuesday 21 August 2001
Time: 4.00pm — 5.15pm

M4: Senior Engineer - Production Planning — Nissan Manufacturing UK

(Formerly Senior Engineer - Test Planning- Nissan Technical)

Transcript

J Whiteboard Notes

| Issues Raised

Zonel  The concern was created.

The concern should have been found.

JA: [Presentation to explain the dissertation process]

JA: When was the concern created?

M4: I suppose at the planning stage. Then Pilot Plant was just a
factory confirmation activity. In effect it was hidden to Design,
whose actions were geared around the ET trial. Pilot Plant’s
purpose was to prove out the body tools prior to shipping. It was
subsequently modified to include the major body fit parts, for
example lights and bumpers. In the RFT schedule it became a
limited vehicle build for body durability test cars. The production
people saw this as an opportunity and latched on to it as another
confirmation build.

JA: Why did the factory want to change the schedule?

M4: Manufacturing wanted to build full vehicles at Pilot Plant to
gain additional process experience. And wanted countermeasure
parts for them.

JA: What caused the problem?

There was no planning for the trial, it was outside the standard
process. There were no vehicles specifications and no design
control. The quality level of the vehicle went down because there
was a mismatch of part levels. There was no system to confirm
the part levels. Pilot Plant cars were visually worse than C-Lot!
Different levels of part didn’t fit together.

JA: Why did the plan for Pilot Plant change?

M4: The factory was strong, getting its way, Design fell in with
this plan.

JA: Was the plant’s priorities an issue?

M4: At Nissan we are always driven to achieve the schedule, and
achieve the quality. Now there is much more flexibility to
change.

JA: When should the concern have been found?

M4: In principle at the planning stage.

Pilot Plant was just a factory
confirmation activity.

Hidden to Design
Manufacturing wanted to build
full vehicles.

Additional process experience
wanted

Outside the standard process.
The quality level of the vehicle
went down because part
mismatch — diverted attention.
The factory was stronger

An unplanned change
in the schedule
disrupted the project.

Production wanted
another iterative loop.
They were unhappy
with RFT because it
didn’t give them
enough opportunities to
prove the process.

Poor quality prototypes
distracted attention
from key issues.

The factory’s opinion
took precedence over
design. They were
stronger.

The main priority was
meeting the production
launch date with the
required quality.

Zone2  The concerns should have been found
The concern was found

JA: When was the concern found?

M4: After C-Lot. For the first time on Almera, the C-Lot build
used rapid prototype parts. They were OK for appearance checks
but no good for workability or function checks because they just
broke.

JA: Why were they used?

M4: They were used at C-lot to save cost and time in the process.

The rapid prototype parts were breaking, plant reacted by
wanting another iteration, a further build.

JA: Are these parts unique to Nissan?

M4: These rapid prototype parts were used elsewhere in the
industry, but for aesthetic purposes, not vehicle testing.

Rapid prototype parts. OK for
appearance but no good for
function

Used to save cost

Rapid prototype parts
broke at the C-Lot
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