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1.

Een grondige heroverweging van de standaard R&R-
studie is dringend gewenst.

Hoofdstuk 3 van dit proefschrift
Het gebruik van regelkaarten zonder OCAPs is als het
rijden in een auto zonder stuur op een gemarkeerde weg.

Hoofdstuk 2 van dit proefschrift
De belangrijkste verdienste van Taguchi voor het
statistisch denken is dat hij ruis als hoofdfactor in

experimenten heeft geintroduceerd.

Trip, A. (1991). Taguchi Methods for Quality
Engineering. Kwantitatieve Methoden 37, pp. 119-135

De standaard regelkaarten die in de kwaliteitshandboeken
worden besproken, zijn zelden direct toepasbaar en vaak
een bron van extra kosten.

Trip, A. (1996). SPC bij grote-aantallen-fabricage.
Kwantitatieve Methoden 53, pp. 61-74




De industrieel statisticus zit steviger in het zadel dan ooit.

Maguire, M. (1999). Cowboy Quality. Quality Progress
31(10), pp. 27-34

Indien de overheid koerswinst op aandelen zou willen
belasten, is de kansspelbelasting het meest geéigend.

. Het leven van een plat(te)lander heeft andere dimensies.

De wens om de politiek dichter bij de burgers te brengen,
heeft vooralsnog slechts geleid tot een gemiddeld grotere
afstand van de burger tot zijn gemeentehuis.

De ware muziekliefhebber schieten de tranen in de ogen
bij het beluisteren van Sjostakovitsj in de uitvoering van
het Johann Straup Orkest.

10. Voor wie zich op drassige bodem begeeft, biedt een Trip

extra zekerheid.

Van Dale Groot woordenboek der Nederlandse taal.
(11de uitgave 1984), “trip” betekenis 1.1
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Chapter 1

STATISTICAL PROCESS CONTROL AND PHILIPS

1.1. INTRODUCTION

Quality management involves managing, controlling, and reducing variation.
Traditionally this has been the domain of statistics, and hence variation is both
the actual link between quality management and statistics, and the reason for
the wide use to which statistical methods have always been put where quality
problems are concerned. In situations where statistical methods have long been
used efficiently tackling and solving quality problems, stafistical thinking (cf.
Snee, 1990) primarily forms the basis for continuous quality improvement, one
of the core elements of Total Quality Management (TQM). Statistical thinking is
based on the assumption that all activities can be regarded as processes, that
all processes display variation, and that improvements are achieved by a
strategy directed at reducing this variation. In other words, statistical thinking
means:

+ strong emphasis on processes rather than on the resulting products;

» identifying, characterising, quantifying, controlling and reducing variation;

¢ tackling problems on the basis of data.

An important application of statistical thinking in companies is the use of
Statistical Process Control (SPC). Process control based on SPC signifies a
shift from the traditional defect detection to defect prevention. It generally
requires a change in attitude, approach and working method. In line with the
philosophy of statistical thinking SPC is process-oriented instead of product-
oriented. In a production process controlled with SPC, final inspection is
replaced with regular evaluation of the several process steps, to make sure that
the complete process is still functioning normally. If a process step is found to
be no longer functioning properly, action is taken immediately to correct it. In
this way product quality is assured through a controlled process.

SPC is definitely accepted as one of the main tools of quality management in
industry, and also in service organisations. All the more remarkable is that even
today — around the turn of the millennium — there are still many companies
denying themselves the benefits of SPC. The novelty of SPC cannot be the
reason, because its history (see e.g. Duncan, 1974) begins already in 1924,
when Walter A. Shewhart of the Bell Telephone Laboratories sketched the first
modem control chart; he published his findings in 1931 (Shewhart, 1931).
Acceptance of the new technique with other companies went with ups and
downs from the very beginning. There was a great breakthrough when W.
Edwards Deming introduced SPC and other quality control techniques in Japan,
immediately after the Second World War. The success of the Japanese
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economy made American business in the 1980’'s aware of these techniques,
which were then readily adopted. They subsequently spread to Europe as well
(cf. Does, Roes, and Trip, 1999a).

In his long career Deming observed many reasons for the slow acceptance of
SPC (Deming, 1986). Among managers he noticed a focus on short-term
results, and trust in systems, figures, targets, computers, specifications, and
(quality) programs. Managers often lacked vision and leadership. That's why
Deming in the 1950's developed the concept of what is now called “Total
Quality Management”, and why he formulated fourteen points — to serve as
guidelines for management — aimed at creating a better environment for the
process of improvement. A fundamentally different view on management was
introduced: of course managers need to care greatly about the results, but they
need also be involved in developing better methods to achieve better results.
Other ingredients for achieving higher quality with lower waste (customer focus,
reengineering, just-in-time production, etc.) were developed, and in the 1990’s
the need for a framework was satisfied by Brian L. Joiner. Much of his “Fourth
Generation Management” (Joiner, 1994) is the product of Deming, as Joiner
readily concedes.

In Deming’s view acceptance of SPC is thus very much management's
responsibility. His solution for a better acceptance was to improve the level of
management, and so he introduced Total Quality Management. This concept
was clearly successful, first in Japan and then in the United States of America,
and Europe. But TQM (and Fourth Generation Management) solves many more
problems than just the acceptance of SPC. A strongly committed manager with
a vision, acting as a leader, will overcome the many difficulties facing him.
Today Jack Welch, CEO of General Electric, may be regarded as a particularly
strong example of such a leader; he really believes in the “Six Sigma” concept,
and makes sure that the whole GE organisation is effectively used to pursue
this vision. Whether or not the goal is something worth fighting for is not the
only issue; it is the commitment of the organisation that really counts.

The motivation for this study is my experience of more than ten years as
statistical consultant, that introducing SPC is still difficult, even though TQM —
or comparable systems like Fourth Generation Management — may well be the
guiding principle of management. Deming’s attention to management issues
finally assured a positive attitude towards SPC, but no guarantee of successful
implementation. My own work is aimed at improving SPC itself, to make it a
better acceptable tool. Most of my experience has been acquired within the
Philips Electronics Company, and Philips Semiconductors in Stadskanaal in
particular. The latter turned out to be a goldmine for further research. Section
1.2 contains a description of this company.




The history of my involvement with Philips in Stadskanaal starts in 1992. A
colleague of mine at the Centre for Quantitative Methods (CQM) in Eindhoven,
a commercial consultancy firm that used to be a staff organisation of Philips
Electronics, had just begun a project in Stadskanaal to implement SPC. This
colleague had to overcome a lot of resistance, because earlier experiences in
Stadskanaal with SPC in the 1980’s were not favourable. SPC used to be build
around a large computer-system, with high cost but small revenue.
Management was nevertheless still convinced that SPC was a necessity, albeit
that the motivation was partly a matter of being forced. The board of Philips
Semiconductors had decided to become preferred supplier of the American
automotive industry, which required qualification to a severe quality program
(known as “Total Quality Excellence”) that included working with SPC. Philips in
Stadskanaal, belonging to the Semiconductors family, was thus under
compulsion to give SPC another try, as the running SPC system would clearly
not qualify for certification. In this climate of scepticism my colleague first had to
convince the local management in an awareness session that his approach
would indeed be successful. He succeeded and then he was given the chance
to prove his claims: under his inspiring guidance two pilot teams started
implementing an SPC system for some critical processes. The way these teams
operated and their progress was such that management decided to continue
the approach plant-wide.

Since my colleague was very busy at that time he asked me to do some data
analysis for one of the pilot teams. The data concerned measurements from the
process of grinding silicon wafers. The process used to be monitored with the
well-known X-R-chart, but the results were apparently not satisfactory. A
principal components analysis of the data revealed a structure within the
samples. This structure was rather well described by a few orthogonal linear
contrasts of the measurements. An important consideration was that each
contrast had a physical meaning attached to it. | recommended monitoring the
process with a set of control charts (for individual observations), one for each
contrast. My colleague accepted these results and introduced them in the team.
He also asked me to join him on the project because the plant-wide introduction
of SPC overtaxed him. For the facilitation of SPC-teams we used a set of
procedures in a format designed by CQM (Banens et al., 1994), but some of
these were described only loosely, and we had to struggle our way. Other
aspects, particularly those related to organisational matters (e.g. monitoring
progress, communication, and assurance of the SPC system), needed newly
developed or gathered methods. Two years later | accepted a full time job at
the Philips plant in Stadskanaal — thereby warranting continuity in the SPC
efforts. My colleague, who happened to be Ronald Does, left the project to
become a full-time professor at the University of Amsterdam. He also started a
statistical consultancy company, the Institute for Business and Industrial
Statistics (IBIS UvA), embedded in the university.



We published our experiences in Stadskanaal in a number of papers and
books. Together with the Operations Manager of Philips Semiconductors in
Stadskanaal we wrote an article for a Dutch journal on total quality
management about the organisational problems we faced during
implementation and our solutions (Does, Van Oord, and Trip, 1994). Our
cumulated experiences with the implementation of Statistical Process Control
were described in Does, Roes, and Trip (1996, 1999a). These books feature
Philips Stadskanaal very prominently, with many cases.

The case of the wafer grinding process was taken up by professor Does for
further investigation. Together with Kit Roes, who would shortly become his
partner at 1BIS UvA, he based the method described above on solid facts (Roes
and Does, 1995), and Dr. Roes made the case an important one in his PhD
thesis (Roes, 1995). The method was presented at a conference in Budapest,
with another case illustration, also from Philips Semiconductors in Stadskanaal
(Does, Roes, and Trip, 1995).

This thesis contains four papers of my own work, which is based on the work
described in the last two paragraphs. These papers were written since | started
to work part time for IBIS UvA in 1997. They all have in common that cases
from my practice in Stadskanaal are used for illustration.

Chapter 2 is a revision of a paper in The International Journal of Quality
Science (Does, Schippers, and Trip, 1997), which is essentially a summary of a
monograph by Does, Roes, and Trip (1996,1999a). The paper presents an
organisational framework for implementing SPC, as well as a hands-on, yet
flexible activity plan for bringing a process step under control. Co-author
Werner Schippers, from the Eindhoven University of Technology, did theoretical
Ph.D. research on applicability of SPC techniques.

Chapter 3 is devoted to the analysis of measurement systems, the 6" step of
the activity plan and the first purely statistical one. This chapter resulted from
collaboration with Dr. Edwin van den Heuvel, an IBIS UvA-colleague closely
involved in the “Six Sigma” program of General Electric Plastics in Bergen op
Zoom (Van den Heuvel and Trip, 1999). The Automotive Industry Action Group
recommended in its “toolkit” (AIAG, 1990) a standard method for the evaluation
of measurement systems. The method is now widely accepted, and is in fact
reproduced in the activity plan. We investigated the effects of a common
departure from the implicitly assumed model, and showed that it is better to use
a simple alternative when only a few observers do the measurements — e.g. in
laboratory conditions. The standard method will then often be too pessimistic
about the state of the measurement system, and may be the cause of
unnecessary fuss.




The 7" step of the activity plan is the control chart, the heart of the SPC
method. For the mathematically inclined, SPC and control charts may actually
be the same. There has always been a lot of research on the properties of
control charts, resulting in many papers in statistical journals. Nonetheless, the
correct application of the tool (as a simple method to distinguish common
causes from special causes of variation) remained problematic, as Roes and
Does (1995) exemplified in the wafer grinding case from Philips in Stadskanaal.
These authors proposed a method with separate control charts for some
significant linear contrasts of the measurements. They claimed that this method
saved the company an enormous amount of money. In the discussion of this
case some authors proposed multivariate alternatives. Chapter 4 of this thesis
is an adaptation of a joint contribution (Does, Roes, and Trip, 1999) arguing
strongly for a univariate treatment of the within sample structure. Our main
argument is that interpretation of signals is much more difficuit in multivariate
cases, and the ultimate consequence is that analysing and correcting out-of-
control situations will take longer.

The control chart for individual observations is the correct tool for monitoring the
contrasts. Control limits can be calculated in many ways, but the commonly
used method is based on moving ranges. There is a real controversy, however,
whether or not the variation in the data should be monitored as well. Some
authors stress the need for (some kind of) a moving range (MR) chart, while
others strongly advise against it. Chapter 5 discusses the use of a
omplementary moving range chart in the context of additional run rules. The
problem is again motivated from Philips in Stadskanaal, where a number of
additional run rules have been implemented. The first question is whether the
moving range chart helps identifying out-of-control processes, without giving too
many extra signals when the process is in control. An additional question is
whether it guides operators towards the correct out-of-control direction. The
conclusion of our investigation is that the MR-chart only adds confusion, and
should therefore not be used. The material in this chapter (Trip and Wieringa,
2000) is a result from collaboration with my IBIS UvA-colleague Dr. Jaap
Wieringa, who for his Ph.D. research on time series did a project in
Stadskanaal.

1.2. PHILIPS (IN STADSKANAAL)

The Philips Company was founded in 1891, when Gerard Philips started to
build light bulbs in a small factory in the Dutch village of Eindhoven (cf. Philips,
1991; Lakeman, 1991). His brother Anton soon joined him and became
responsible for selling the products. At the turn of the century Philips was
already one of the biggest light bulb manufacturers of Europe. In the following
years the company grew steadily, in spite of fierce competition and
technological developments. To play a leading role in the latter the company
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established its own research department in 1914. The First World War forced
Philips to manufacture its own components (gas and glass), since some
suppliers abroad were cut off. Philips emerged very strongly after the war with a
growing market share, and broadened its product range to new products such
as the radio, gramophone and shaver (the “Philishave”). In only a few years
Philips was market leader for radios. Factories were opened all over Europe,
and profits were high until the economical crisis of the 1930’s, when Philips
dismissed half of its 22,500 employees in the Netherlands. The crisis lasted
only a few years, but then Philips returned stronger as before.

Under the threat of a new war Philips consolidated its position in America. In
the Second World War this brought unprecedented high profits, when Philips
worked for the war industries of both sides of the opponent forces. After the war
the prosperity in Europe increased fastly and the demand for electronic
products rose enormously. Philips profited from the temporary fall off of the
German competition and grew exceptionally. In 1850 Philips employed 90,000
people world-wide, nearly half of them in the Netherlands. The product range
was broadened with many new products of which the television was the most
appealing. Philips also manufactured many of the components for these
products, and with the development and production of transistors a new era
started. In 1961 the company was very profitable, with more than 200,000
employees world-wide. The size of the company and diversity of the products
forced Philips to divide its activities in a number of divisions.

The following decade saw the introduction of e.g. the compact cassette,
computer and IC (Integrated Circuit). Philips grew to a company with more than
400,000 employees, but in the 1970’s the growth stagnated mainly owing to
increased competition from the Far East and an economical crisis in Europe
and America. The company took a long time, however, to accept that the world
had been changed and reacted defensively and late. Additionally, there were
some disastrous failures, with video recorders, computers, and memory IC’s. In
1990 this finally led to a major crisis, but a drastic reorganisation averted
bankruptcy. Philips retumed to its core activities, sold its ‘silverware’, and
dismissed many employees, until less than 250,000 were left. During the 1990's
the company regained its health, but continual reorganisation is part of the
present-day culture. Philips Electronics is still a major electronics company, and
the world leader in the lighting business, in shavers, and some other minor
businesses. Philips has also a strong position in semiconductors, especially in
consumer |C's; within the company the profit of Philips Semiconductors is the
highest.

In 1955 Philips started a production facility in Stadskanaal, a village in the
Northeast of the Netherlands. In that period personnel were hard to get, but not
in this part of the country, where owing to agricultural mechanisation many
labourers became superfluous. Philips could employ many of them with the
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production of picture tubes, and transistors and diodes; the maximum number
of employees was over 3,000 in 1970. Then the market position of the black-
and-white tube gradually declined in Europe, and after a number of
reorganisations this part of the production was closed in 1987. Only the facilities
for glass bases (key components of picture tubes) and diodes were kept in
Stadskanaal. The number of employees fell off till less than 1,000.

The successive reorganisations had a bad influence on the morale of the
employees, who felt that the end of Philips in Stadskanaal was near. In this
pessimistic atmosphere management launched a programme aimed at
continuing the Philips activities in Stadskanaal on a sound basis. The financial
results should improve owing to higher efficiency, better delivery performance,
improved quality, and faster innovation. At the same time the quality of work
and the organisation were improved. After a few years it became clear that the
programme had been successful: the process of downsizing stopped, and in
fact the company grew again to about 1,100 employees.

In the nineties Philips Stadskanaal implemented SPC, as described in the
previous section. The quality programmes ISO 9000 and QS 9000 were
successfully introduced, as was the environmental programme 1SO 14000. The
company was placed in the finals of the 1994 Dutch Quality Prize. And
improvement teams were successfully competing in the Philips Semiconductors
Quality Improvement Competition. At its 40" anniversary Philips in Stadskanaal
was in a very healthy condition. This did not last long, however, mainly because
the predicted big growth did not materialise; in fact the market grew only
marginally, with huge variation between years. Another reorganisation became
necessary in the year 1999; the results are not yet known.

The most important activity of Philips Stadskanaal is to design and manufacture
diodes. A diode is an electronic component (an electrode with only two
connections) acting as an electrical valve: current is conducted in only one
direction, while it is blocked in the other. Diodes are used on printed circuit
boards as switches or rectifiers. In figure 1.1 a sketch of a diode is shown. The
heart of the diode is the crystal, a small piece of semiconductor material. The
other components are needed to make it a proper device. Two types of diodes
can be distinguished: leaded and unleaded (or surface mounted). Philips in
Stadskanaal is specialised in medium power glass diodes.

Diodes are manufactured in two stages. The first part is the production of the
crystal: silicon wafers are ground to a specific thickness, then the wafers are
contaminated with boron and phosphor atoms in a diffusion process, then a thin
metal layer is evaporated on the wafer, and finally the wafer is separated into
crystals. The second part of the production process is the assembly, testing and
packaging of diodes. The four product lines in Stadskanaal have separate
assembly departments, supplied with crystals from the central diffusion
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department. The annual production in Stadskanaal is + 2 billion diodes, with a
turnover of 75 million euro. It is part of the business line “Power” within Philips
Semiconductors, with a marketing department located in Hazel Grove
(England).

crystal

ellet
lead P

stud glass bead

FIGURE 1.1. Sketch of a glass bead diode

Another activity of Philips in Stadskanaal is the design and production of glass
bases. It is a unit of about 150 employees; it belongs to the product division
Components, operating rather independent of the Semiconductors business of
Stadskanaal. Service organisations (Finance & Accounting, Information
Technology Support, Personnel and Organisation, Purchasing, etc.) work for
both parts.

Since the reorganisation at the end of the 1980’s the production personnel in
Stadskanaal is organised in so-called “whole task groups”, a concept derived
from the sociotechnical organisation form (cf. Haak, 1994). The idea is that a
group of operators — not a shift leader — is jointly responsible for the productivity
and quality. The group guards the progress of work orders, solves small
problems, and improves the process. Advantages of whole task groups are that
they are flexible, and that the number of hierarchical levels is small. A
disadvantage is that an organisation with whole task groups is difficult to
control: managers cannot control directly but need to rely on coaching the
groups and supporting them. This type of management appears not to be
natural, therefore a good environment and continual maintenance is required.
New managers need training in this type of management or they will return to
the older form of direct control.



Chapter 2
A FRAMEWORK FOR IMPLEMENTATION OF
SPC

2.1. INTRODUCTION

Statistical Process Control (SPC) has become an important part of quality
control activities. Approaches for implementing SPC can hardly be found in
literature, however. Many descriptions focus on the tools of SPC (e.g. Duncan,
1974; Montgomery, 1996; Wheeler and Chambers, 1992), and there are also
some papers focusing on organisational aspects of implementation (e.g. Parks,
1983, 1984; Gaafar and Keats, 1992). This chapter describes a framework for
implementation of SPC, including both methodological and organisational
aspects.

Confusion about the exact meaning of SPC may be a reason why a
comprehensive view on its implementation is lacking. Often SPC was equated
with control charts, but nowadays it is clearly recognised that the control chart is
just a methodological tool. This chapter presents SPC as a hands-on approach,
a coherent set of activities to analyse, improve and monitor processes. The
approach is based on statistical thinking (Snee 1990; Hoer, 1996). SPC
generally starts in production departments, but the concept can be used for all
processes (e.g. designing processes and products, administration, purchasing).
The framework for implementing SPC will therefore primarily be directed
towards production processes. In addition we will describe how company-wide
implementation of SPC sets the stage for Total Quality Management (TQM)

An inherent danger of a framework is that its flexibility is too limited to be of
practical use. Especially methodological guidelines are often directed to a
specific situation. The QS 9000 standard, for example, a standard much
broader than ISO 9000, used by Chrysler, Ford, and General Motors for
prescribing and auditing Total Quality Management systems (see Chrysler,
Ford and General Motors, 1994), concentrates on mass production and
automotive industry. Other types of industry may therefore have difficulties in
using the standard. The framework in this chapter avoids too much rigidity by
describing not just the activities, but also the underlying goals or functions.

The organisational part of the framework consists of the use of four phases in
the implementation (as described in Section 2.2) and a structure for SPC
implementation described in Section 2.3. The methodological part consists of
an activity plan for teams to implement SPC for a process (Section 2.4). In
Section 2.5 the assurance of SPC is discussed, and in Section 2.6 the results
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