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The authors made extensive visits to factories 
in Europe to find support for their view that 
successful European manufacturers have 
evolved over recent decades from low-cost 
quality producers into flexible, low-cost 
quality producers. Flexibility allows them to 
introduce technological change very rapidly - 
this is the key to success. 

Piet Bolwijn and Ted Kumpe visited DAF 
Trucks, Fiat, GEC, Olivetti, Philips and 
Thomson and, whilst not finding any two 
factories alike., discovered their strategies bore 
out the authors’ view - they strove for 
excellence by adding flexibility to efficiency 
and quality. 

Successful companies today compete on three fronts: 
efficiency, quality and flexibility; showing in the price, 
quality and up-to-dateness of their products. Competing 
on three fronts is a relatively new phenomenon, evolved 
over the past decades. 

Generally speaking, in the 6Os, under the then 
reigning sellers’ market conditions, efficiency was the 
overriding success-factor for large companies. In the 70s 
sharply increasing international competition, together 
with new customer demands, fundamentally changed the 
nature of competition. Being a low-cost producer was 
no longer enough: customers demanded value for 
money, and they got it, although at first mostly from 
Japanese producers. In time, large companies evolved 
from being low-cost producers to being low-cost quality 
producers. 

At the end of the 70s the competitive struggle 
changed again - international competition intensified 
still more and led many companies to look for new 
opportunities by widening the competitive battle in 
order to raise productivity. New technologies, with their 
possibilities of offering much improved products, 
induced companies to sharply increase the pace of tech- 
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nological renewal, resulting in reduced commercial life 
cycles and a much wider assortment of products. By 
doing this, companies evolved from low-cost quality 
producers to flexible, low-cost quality producers. 

To prove the point, the authors visited factories in 
France, Italy, UK, Austria, and the Netherlands, belong- 
ing to DAF Trucks, Fiat, GEC, Olivetti, Philips and 
Thomson. As the products offered by the factories cover 
a wide range, no two factories were alike. But these 
organizations share one common element: striving for 
excellence. The ways by which the factories visited strive 
for excellence in performance vary widely, in line with 
the variety of products manufactured. But the strategy 
is the same for all: driving costs down, ensuring top 
quality and being very fast, i.e. being able to outpace 
competition. In short, by being flexible, low-cost quality 
producers. 

The Evolution to Flexible, Low- 
cost Quality Producers 
During the 50s and up until the end of the GOS, industries 
in the developed nations were striving for increased 
productivity. Scientific management, together with the 
learning curve, led to increases in the scale of manu- 
facturing operations. In the Netherlands from 1953 to 
1968 large corporations (more than 1000 employees) 
increased their share of the total workforce from 32% 
to 40%. Whereas the major economies showed yearly 
growth rates of 5% in the early 60s sales of the 300 
largest US, European and Japanese companies grew by 
10% during this period. These years may well be called 
the golden age of efficiency. Demand outstripped supply 
and everything produced could be sold. In short, the 
market showed all the characteristics of a sellers’ market, 
The champion of large-scale mass production, America, 
was by far the most powerful industrial nation, having 
70% of the world’s production in such products as 
machines, cars, electronics and chemicals. Of the top 100 
companies in the world in 1964,65 were US companies, 
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30 European and only five Japanese. Not only were US 
companies larger, but the concentration of capital grew 
much faster in the US: from 1954 to 1958 there were 
4400 mergers and acquisitions in the US, against 1000 
in the European Common Market in its first four years 
of existence, from 1958 to 1962. 

At the end of the 60s and beginning of the 70s 
many things changed in a very short time. In Europe, 
the success of industry gave rise to spectacular wage 
increases of some 8 to 10% per year, laying the founda- 
tion for the inflation years of the 70s and also weakening 
the competitive strength of many European businesses. 
At the same time, international trade almost exploded, 
leading to greatly increased international competition: 
the volume of international trade increased from S 112 
billion in 1960 to $650 billion in 1970. 

The by-then affluent customers of the industrialized 
nations began looking increasingly for quality in 
products, and got it, although in the beginning mostly 
from Japanese producers. Sooner or later, it dawned on 
all companies that customers look for value for money, 
which means that it isn’t good enough just to produce 
competitively priced products; products have to have 
high quality as well. In time, companies evolved from 
being low-cost producers to being low-cost, quality 
producers. It is interesting to note that we now know 
(as Juran and Deming did long ago), that quality does not 
cost money, but saves money. In other words, non- 
quality costs money and quality in the end enforces 
efficiency. 

In the 80s competition changed again, this time due 
especially to the ever-increasing possibilities of new tech- 
nologies. Introducing new technologies not only led to 
higher productivity, but also enabled companies to bring 
out much improved or even completely new products. 
As a result, companies accelerated the pace of introduc- 
ing new generations of products, which called for more 
flexible companies. 

Commercial life cycles of products decreased 
markedly, and in almost all industrial sectors the assort- 
ment of products widened. US car producers today offer 
more than twice the number of models they offered five 
years ago; on the German video market today there are 
69 producers of colour TVs, offering 1500 models, and 
52 producers of videorecorders, offering 500 models. 
Albert Heyn, a Dutch supermarket chain, carries 74 dif- 
ferent kinds of beer, against only 9 in 1985. Canon intro- 
duced 46 new products in 1982, 55 in 1983, 72 in 1984 
and 81 in 1985! Kodak brought out 250 new products 
in 1986 and 1987. Siemens declares that by the year 
2000, 50% of its sales will be in products unknown 
today. In short, demands for flexibility have increased 
to the point where John A Young, Hewlett-Packard’s 
CEO declared, ‘We are competing on speed’. 

As in the case for quality, flexibility and efficiency 
can be compared: being flexible increases productivity. 
Flexible companies, with their short lead times, have 
minimum stocks, their products carry the latest, and thus, 
most cost-effective technologies, and their high-tech 
processes are the most productive. 

So competing on speed does not give the total 
picture. Large companies today are not just competing 

on speed, i.e. flexibility, they are competing on three 
fronts: efficiency, quality and speed. Or, putting it 
another way, on speed, quality and productivity. 
Customers today simply want the latest in technology 
and styling, the best in quality and competitive prices. 
Companies failing in any one of these areas, simply fail 
as successful companies. To confirm this, and to find out 
in detail how large companies go about incorporating 
more efficiency, quality and flexibility into their 
operations, we visited several large European companies, 
as well as some of their best factories and discussed their 
industrial strategy with them. 

Costs, Quality and Speed 
GEC’s turbine generator plant in Rugby, UK, manu- 
factures steam turbines and generators. In the face of 
sharply increased international competition, Rugby more 
than doubled its world market share and rose to second 
place in world-wide sales. 

The company’s success in driving costs down has 
resulted in yearly productivity increases of 10%. Since 
the products are built for a minimum of 30 years’ use, 
ensuring quality has always been part of life in this 
business. Today, it can safely be said that quality is no 
longer an issue, it’s an aspect that has been mastered. 

Total delivery time (i.e. the time between signing 
a coptract and commercial delivery of electricity) is the 
major success factor. Over the years the factory has suc- 
ceeded in bringing this time down from four to five years 
to less than two years. Development lead times were cut 
by the use of an extensive CAD system, which greatly 
improved the checking of the very complex piping 
system of the plants under design. Over the last years, 
the plant has received six Queen’s Awards for Excellence 
in export and technology. A tour through the factory 
clearly shows why. 

Costs, speed and quality, in that order, are the major 
driving forces at Oliuetti’s typewriter and word proces- 
sor factory in Crema, Italy. The factory produces well 
over half a million units a year, to be sold all over the 
world. 

Close co-operation between manufacturing and 
development, using Design for Assembly techniques, 
resulted in a greatly reduced number of components 
used, with subsequent sizeable cost reductions. Figure 
1 shows developments in keyboards: some 800 different 
parts were, at one time, required to assemble the multi- 
tude of keyboards needed for the various languages. 
Today, just four parts suffice! 

Such vast reductions in the complexity of the 
products also resulted in big improvements in quality. 

To further increase quality and flexibility, the 
factory was split up into four mini-factories, one for each 
of the main assembly tasks, i.e. a mini-factory produc- 
ing printers, one for pcbs, one for keyboards and a final 
assembly mini-factory. This very flat and decentralized 
structure makes for short communication lines. As each 
of these mini-factories encounters specific manufactur- 
ing conditions, each one finds solutions for further 
performance improvements such as cutting costs or 
reducing lead times. 

136 EUROPEAN MANAGEMENT JOURNAL Vol9 No 2 June 1991 



THE SUCCESS OF FLEXIBLE, LOW-COST, QUALITY COMPETITORS 

Not surprisingly, next to quality and flexibility, 
costs play an important role in Thomson’s TV factory 
in Angers, France. The consumer electronics business is 
well-known for its rapid changes and drives towards 
rationalization. In this factory, Thomson produces 
roughly a million CTVs and CTV chassis per year for 

; : 

I 
assembly elsewhere. 

Increasing speed to follow, or even better, outpace 
1 competition has led to a 70% reduction in WIP and a 

55% reduction in development lead times. So as to fol- 
low seasonal changes with JIT manufacturing, weekly 
working hours at Thomson’s vary. 

Costs are not the overriding concern for DAF 
Trucks, the producer of Europe’s 1988 Truck of the Year, 
the emphasis being on quality and flexibility. Flexibility 
shows in the ability to deliver custom-made trucks. In 

Figure 1 Keyboard assembly’at Olivetti, Crema 

Magneti Marelli’s Vasto factory in Italy produces 
auto parts such as starting motors (1.5 million in 1987) 
a.c. generators (also 1.5 million in 15X37), and motors for 
windshield wipers. Major success factors here are quality, 
efficiency, service to client and time to market. 

The pace of product renewal, for instance, has more 
than tripled over the past years and shows no sign of 
slowing down. This has called for major changes both 
in product design as well as in manufacturing processes, 
with simplification serving as the leading guide. Manu- 
facturing changed the functional lay-out into a product- 
oriented one, enabling the process to take place in the 
form of continuous flow production with only two days 
WIP (work-in-progress) and a 400 ppm quality level. 

Focused factories, i.e. factories more specialized in 
products and processes, are seen as the next step towards 
more rationalization. 

some years, no two trucks delivered were the same. 
Through its TOPEC computer system, customers’ wishes 
are translated into the trucks’ specifications. Quality in 
customer orientation shows through DAF’s unique 24 
hours repair service, wherever the truck may be. Cost 
control is, of course, not to be neglected. and cutting 
costs by 10% is the current goal. 

The Philips’ factory of audio cassette decks at 
Althofen, Austria, is another example of improvement 
in costs, quality and speed. The decks are built into audio 
equipment and delivered to original equipment manu- 
facturers (OEM) in Europe and the Far East. New genera- 
tions of products are introduced every two to three 
years. Production quantities have increased by a factor 
of ten in the last decade and the production method has 
gradually been transformed from completely manual to 
completely (flexibly) automated. Factory cost price as a 
result has more than halved, reject rates decreased by 
more than a factor six, and total manufacturing through- 
put time decreased from days to hours. In a phrase, 
efficiency, quality and flexibility. This has resulted in 
significantly increased market shares. 

GEC Meters is the largest producer of electricity 
meters in the UK. It is a market leader in polyphase 
meters, 70% of which are exported. There are many 
thousands of possible variations of this product, and 
orders vary from one to several tens of thousands. Again, 
costs quality and flexibility are mentioned as the 
important performance criteria. 

Considerable emphasis is placed on flexibility, the 
ability to develop new products and carry a wide assort- 
ment. In the last three years the company has diversified 
into two new product areas, ‘Radio Teleswitch’ and 

EUROPEAN MANAGEMENT JOURNAL Vol 9 No 2 June 1991 157 



THE SUCCESS OF FLEXIBLE, LOW-COST, QUALITY COMPETITORS 

‘Credit Controller’, both based on new technological 
development. This diversification has led to a 50% 
growth in sales in one year. All production is done to 
order. Great strides forward have been made towards 
JIT production. As it turned out that many methods, 
commonly associated with JIT, had been practised 
already, GEC Meters refers to JIT as ‘Just Intelligent 
Thinking’. 

In order to improve quality, a total quality pro- 
gramme is on the way, intended to reduce reject and 
repair costs to 0.3% of total manufacturing costs within 
two years. Efficiency and flexibility are both increased 
by GEC Meters’ long standing philosophy to minimize 
the distance travelled by parts and subassemblies, 
thereby minimizing inventories and throughput times. 

Flexibility, quality and costs are the competitive 
strength of the Philips’ shaver factory in Drachten, the 
Netherlands. Philips is number one in world production 
and sales of shavers; totalling 250 million today. Both 
innovation and mixflexibility are important charac- 
teristics of the factory. The number of models has 
increased from 59 (divided over 15 types) in 1979 to 188 
(divided over 28 types) in 1988. By close cooperation 
between Marketing, Development and Manufacturing the 
organization has been very successful in introducing new 
models. 

Throughout, attention has been paid to simpliflca- 
tion of the product, commercially attractive features, 
improved performance of shaving and manufacturability. 
Every three years a new model is introduced, the 
development throughput time is being decreased from 
more than 30 months to less than 20 months. Face-lifts 
are implemented within one year. The assembly line is 
shown in Figure 2. 

Fiat, experiencing price pressure in the auto 
industry caused by intensified international competition, 
has been cutting costs for years. Part of the answer to 
meet Far Eastern competition here is automation. The 
Termoli factory is probably the best example of such an 
automation strategy. The $500 million factory, employ- 
ing hundreds of robots, turns out a fire engine every 20 
seconds. 

This factory is also an excellent example of the com- 
bination of efficiency, quality and flexibility: three 
families of engines in 27 variations are produced with 
bath size 1, with a reject rate of only 250 ppm and at 
10% lower cost than its predecessor. 

Improving quality, efficiency and flexibility are 
major strategic goals for all the companies we visited. 
Depending upon the specific business characteristics, the 
emphasis placed upon each of the three criteria varied. 
But, contrary to much literature, they are not seen as con- 
flicting performance criteria. 

None of the companies said they made a strategic 
choice of one of these criteria at the expense of the 
others. Rather, all companies stated that, in the end, the 
three criteria reinforce each other. 

The phrase ‘non-quality costs money’ was often 
mentioned. It was also claimed that the ability to out- 
pace competitors (i.e. being more flexible) is a pre- 
requisite for future profits and growth. Sacrificing 
flexibility by adopting a position as low-cost producer 
was not considered a viable strategy by any of the 
companies, regardless of their determination to cut costs. 
In other words, they strive to be flexible, low cost, 
quality companies. 

In order to achieve such ‘cheaper, better and faster’ 
goals, it is necessary to take a variety of actions and 
measures. But the actions to be taken are not always 
obvious and for many factories it is a troublesome matter, 
leading them to not seeing the wood for the trees. We 
developed an industrial strategy that can be helpful. The 
main features are: 

. an integrative approach; 

. reduction of complexity; 

. flexible organization structures; 

. well-justified socio-technical choices; 

. use of advanced technologies, when profitable. 

An integrated approach is necessary for several 
reasons. Strategically determined market requirements 
must be translated into operational performance criteria. 
The production system should be looked at as a whole 
in order to ensure that the processing operations are 

Figure 2 Shaver assembly at Philips, Drachten 
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harmonised with one another. That calls for multi- 
disciplinary integrations: cooperation between tech- 
nological, industrial and organisational specialists. 

Where possible, complexity should be cut down 
in product structures, product flows, production means 
and organizational structure. The greater the complexity, 
the more difficult it is to achieve quality and speed. 

Flexible organizations will be required, otherwise 
the flexibility of the production process cannot be used 
effectively. Interfunctional barriers, and barriers between 
hierarchical levels must be minimal or non-existent. 

Achieving quality and flexibility requires motivated 
employees, and commitment rather than control. This 
applies to all levels of the organization, and implies well- 
justified socio-technical choices. 

While excellence in manufacturing also means the 
use of advanced technologies, it does not mean that tech- 
nology is an end in itself. 

Let us now analyze these features in greater detail. 

An Integrative Approach 
In line with much of the present-day literature on success 
factors to achieve excellence in manufacturing, these 
companies attributed much of their improvement to their 
integrative approach. 

Designers, developers, engineers and production 
people teamed up in the various projects, such as the 
multidisciplinary project teams used for each develop- 
ment project at the GEC Mefers factory, together with 
a second tier of ‘Project Advisory Teams’ for top-down 
direction and co-ordination. The traditional ‘relay race’ 
approach to product development has been replaced by 
the much more interactive ‘American Football’ approach, 
with many parallel activities. 

Close co-operation is not confined to GEC Mefen. 
but includes suppliers as well. Main suppliers are 
regularly kept up to date regarding the company’s future 
plans. There is a supplier appraisal and approval system 

and high volume items are bought on long-term 
contracts. 

The Philips factory making audio cassette decks has 
an early and close co-operation with component 
suppliers, often local suppliers of plastic components, 
and suppliers of mechanization modules. And the sales 
department is also involved in product design, as well 
as future users, with regard to specifications. 

The integrative approach within these companies 
not only shows through improved co-operation between 
the various departments involved in the process from 
idea to large-scale production. The new market demands 
of quality and flexibility are also used to formulate more 
integral performance demands. Factories are no longer 
designed on the basis of required output volume only. 
Rather, such items as delivery performance, throughput 
times, work in progress and quality levels are also used 
to specify and design today’s factories. 

Integration, therefore, does not stop at the 
company’s frontiers, but covers suppliers and customers 
as well. Working together with its suppliers, Olivetti’s 
Crema plant reduced suppliers’ delivery times by 60% 
and they are working on faster planning procedures to 
enable even faster deliveries. 

Philips’ shaver factory, being a highly integrated 
factory, has reduced manufacturing throughput times by 
making a close coupling or part production and assembly 
operation. 

Philips collects user requests by testing new shaver 
types in extended test markets. In addition, some 100 
employees have a shave each day in the product develop- 
ment department to obtain direct feedback about the 
performance of the shaver. 

DAF, from the start of the ‘95-project’, integrated 
users’ demands into the specification of the new truck. 
They interviewed more than 1700 truck-drivers about 
the cabin design, resulting in increased demands for 
noise reduction and shock absorption comfort. It took 
a complete cabin redesign and the use of lightweight 

Figure 3 DAF 95.series cab 
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materials to offset the 380 kgs added on by the truck- 
drivers’ demands. The 95series cab is shown in Figure 3. 

The Reduction of Complexity 
All companies were reducing complexity wherever 
possible: in product design, factory lay-outs and organiza- 
tion structures. In product design, Design for Assembly 
techniques resulted in drastic reductions of the number 
of components and big improvements in the manufactur- 
ability of the products. This not only led to cost savings 
and reduced logistical costs, but was often a prerequisite 
for effective factory automation. Philips’ audio cassette 
decks and Fiat’s Fire motor production illustrate this. 
Over ten years, the number of components in successive 
generations of audio cassette decks at Philips has been 
decreased by 45 % . The design of the deck is so universal 
that a wide range of motors and heads can be used to 
assemble the end product. So, the decks can be used in 
both simple, low specification and high-quality 
applications. As a result, the required sales have been 
achieved for mechanization. All companies have stressed 
the importance of product design. 

At GEC Turbine Generators, products are 
becoming increasingly modular in design; previously 
every product was unique. Much use is now made of the 
fact that many large components have the same shape 
whether or not they are used for a 400 MWatt installation 
or one of 1100 MWatt. This made large-scale use of CAD 
systems very effective. 

In the factory, the varous dedicated machines have 
either been replaced by universal ones, or by CNC cells. 
In either case, families of products (based upon group 
technology) have been assigned to cells or universal 
machines. The result has been major reductions in manu- 
facturing throughput times for some 45,000 different 
products manufactured each year. At Philips, the shavers 
are also becoming increasingly modular in design. This 
enables them to take full advantage of economies of 
scale, despite increasing diversity and higher flexibility 
requirements. 

At Thomson, the reduction of complexity IS seen 
as an important means of improving mixflexibility. 
Special design techniques are applied in order to be able 
to produce the 280 TV types with as few parts as pos- 
sible. Manufacturing complexity was reduced, for 
instance, by using one standard print for all TVs. This 
also made the highly automated pcb mounting system 
possible, which yields 50 different pcbs for the assembly 
lines. 

Manufacturability rules, set up by Engineering, also 
pay much attention to standardization. To increase mix- 
flexibility, separate assembly lines are used for slow 
movers and fast movers. The straight forward easy-to- 
oversee flow lay-out of the factory further improves the 
ability to produce a high variety of products in small 
series. 

The fact that the importance of product designs on 
the possibilities of factory automation can hardly be over- 
stressed, is clearly illustrated by the Fiat Tipo. AS is the 
case in much of the auto industry, automation at Fiat had 
largely been concentrated upon activities such as body 

welding and engine assembly. Final assembly was still 
largely a manual operation, due to the great diversity of 
the assembly activities as well as the large numbers and 
wide assortment of parts to be assembled. The Tipo 
marks a clear turning point here. A consequent drive 
towards easy manufacturability and fewer components 
in the car design has led to an unprecedented degree of 
automation in the final assembly area. In the futuristic 
looking factory, even dash boards and car seats are 
assembled by robots. 

Flexible Organizations 
Building flexibility into a manufacturing organization 
does not stop with introducing equipment and designing 
flexibility into the product. Flexibility has to be estab- 
lished in the organization itself, aimed at speeding up the 
total chain of activities. In GEc’s steam turbine factory, 
substantial time gains were achieved by total in-factory 
assembling and testing of major sub-units such as switch- 
ing stations or pumping stations, which was formerly 
done in the field. 

Organizing and flexibility are also built in to DAFs 
24 hours field service. They built a communication 
centre for it, staffed 24 hours a day, 7 days a week by 
people mastering all major European languages. 

Short information feedback loops and flat, decen- 
tralized structures are also part of a flexible organization 
and common elements of all these manufacturing 
organizations. At Thomson, for instance, information 
regarding quality of the operation is continuously 
available to the operators by means of monitors. 

In addition to flexible working hours already 
mentioned, Thomson also employs multi-trained 
operators, able to work at many different workstations 
on the shopfloor. 

The flexibility of organizations is often hampered 
by functionally oriented structures. Getting the various 
departments to co-operate effectively is a well-known, 
almost classical problem. Some try to solve this by 
integrating the operational tasks of various staff depart- 
ments into the line. Philips’ shaver factory is an example. 
Some companies try to solve the co-operation problem 
by minimizing the number of different departments; an 
example is the integration of Repair and Maintenance 
with Engineering or the integration of Plannning and 
Material Handling in Fiat’s Mirafiori factory. Fiat Auto 
further improves inter-departmental co-operation by an 
integrating function: people with authority who work 
as ‘integrators’ to obtain the necessary teamwork 
between departments such as Manufacturing, Engineer- 
ing and Development. 

Functional lay-outs of factories are increasingly 
giving way to product-oriented lay-outs, resulting in 
much shorter manufacturing throughput times and, 
hence, higher mixflexibility. Since products do not 
continuously travel from department to department; 
product-oriented lay-outs are a powerful tool in improv- 
ing quality. DAF now employs a product-oriented cell 
structure with multi-trained operators. At first, they tried 
to reduce stocks and WIP in the classical structure, only 
to find out that this led to the factory coming almost to 
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t standstill. Thus, today we find uncoupled cells, each 
:ell having its own responsibility with regard to costs, 
Iuality, absenteeism, etc. These cells in many ways 
.esemble Olivetti’s mini-factories. 

Socio-technical Choices 
411 companies stressed the crucial role people play, and 
will continue to play, in factories. The increasing 
:echnology content of both products and processes calls 
for well-educated personnel. Higher levels of automation 
do not in any way minimize the role of people. On the 
contrary highly capital-intensive factories rely to a large 
part upon the motivation and training of the employees. 
This was the general opinion of executives in factories 
we visited. 

All companies, from the labour-intensive manu- 
facturer of home electricity meters to the highly- 
automated engine producer flatly rejected the unmanned 
factory. ‘Not feasible and in no way profitable’ was a 
frequently-heard comment. Of course, the number of 
shopfloor employees decreases as a consequence of 
improved product designs and continuing factory auto- 
mation, but excellence in manufacturing was generally 
seen as a combination of the right technologies, the right 
organization and the right people. 

It is clear that those in the front of factory auto- 
mation, such as the automobile industry, have already 
witnessed sharp decreases in the workforce. The 
Mirafiori factory, for instance, went down from 60,000 
employees to 25,000 while keeping a constant turnover. 
But these highly automated environments stressed the 
importance of motivation and training of its employees. 
An entirely new function was created for the fire engine 
production:- conductor. 

Each of 300 conductors is responsible for the 
quality and maintenance of his or her part of the 
robotized factory. They are relatively young with an 
average age of 35, compared to 45 for the whole of the 
factory, and each has received eight months of full-time 
training and schooling. They are expected to receive 
‘weak signals’ preceding breakdowns and anticipate 
rather than react upon failures. The same holds true at 
Philips’ automated cassette deck factory. 

The quality of the socio-technical system is also 
very much dependent upon internal labour relations. An 
open and communicative management style, such as the 
one at GEC Meters, is certainly a cornerstone of 
motivated, high-quality senior management, supervisors 
and trade union representatives, and quarterly meetings 
are held for all other employees. All employees here wear 
a white coat or overall with their Christian name 
embroidered on it. No one is allowed on the shopfloor 
without such a white coat and most staff, including 
senior management, tend to wear them all the time 
except when receiving outside visitors. And this, by the 
way, is not a practice copied from Japan, but has been 
in existence here for over 25 years! 

Finally the quality of work itself still determines to 
a large degree the quality of the socio-technical system. 
Well-known important features here are cycle-times, the 

degree to which line-speeds force the individual pace of 
work and whether or not activities such as testing, 
measuring or daily repair and maintenance are added to 
the job. To avoid job isolation, Olivetti’s Scarmagno 
factory uses so-called working groups as the smallest 
organizational unit. Employees within these groups have 
off-line, long-cyclical tasks. At the manual pcb mounting 
stations, for instance, workers test their own pcbs after 
the soldering process. Quality is enhanced by a quality 
bonus system for the performance of the working 
groups. 

To enable employees to set their own pace of work, 
the assemblers at Mirafiori’s engine factory each have 
their own assembly station, with AGVs taking care of the 
goods flow. All assembly stations consist of two identical 
work places, so that assemblers do not have to wait after 
finishing an engine. Everyone is free to schedule his or 
her breaks individually, but all have to complete 450 
productive minutes per shift, checked by a computer 
system. Both at Termoli and in this factory, it was heavily 
stressed that the necessary JIT, low-stock manufacturing 
techniques require a dedicated, well-educated, work- 
force. This, in turn, calls for higher quality of work and 
more responsibility. 

Motivated people are, of course, well-informed 
people. At Thomson, this has led to almost all operators 
having a monitor, next to the large screens in the factory, 
giving on-line information on the quality levels of that 
day (Figure 4). Additionally, information meetings for all 
employees are held regularly, covering subjects such as 
financial results, medium-term strategy and surveys 01 
competitors. 

Advanced Technologies 
We have already shown that many of the factories visited 
produce technically complex products and make large. 
scale use of advanced manufacturing equipment. Auto. 
mation, however, was clearly part of an over-all strategy 
and not an end in itself. The market demands, in terms 
of quality and efficiency, showed in the reasoning behinc 
automation processes. 

A striking example of increased flexibility demands 
is given by Mirafiori’s press works, where progressive 
generations of presses can be seen. Here one moves frorr 
the oldest press lines, based upon the old principle 01 
‘everyone for himself’ to synchronized lines with auto 
mated transport as well as automated die changes 
(through Shigeo Shingo’s SMED method for reducing 
resetting times) then finally to the latest generation, 
continuous step die. After an underground and washing 
station, sheet metal from rolls is fed into a universal press, 
with automated transport and change of dies, delivering 
a completely pressed product. 

Quality and flexibility more than once served as 
major reasons behind automation projects. Most of the 
companies visited stressed the importance of high flex- 
ibility in order to obtain the speed necessary to outpace 
competition. The need to move quickly is well-known 
in the personal computer industry. Recognizing that such 
speed is highly dependent upon having an up-to-date 
information system has led to a major computer 
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Figure 4 Information monitors at Thomson, Angers 

information network at Olivetti’s Scarmagno factory. 
This system integrates the information systems of Design, 
Manufacturing Control, Factory Automation and Com- 
munication and is linked to other Olivetti networks as 
well, such as those in Pisa and in Cupertino, California. 

The recent large-scale use of new technologies at 
Mugrzeti Murelli is also aimed at meeting present-day 
market demands. Lower costs, better quality and more 
flexibility are the goals of the new flexible manufactur- 
ing equipment, such as four FMS systems that take care 
of metalworking for the bracket production line. Robot 
lines are also in use at several operations for the 
production of windshield wiper assemblies. 

How quickly and decisively the industrial world has 
changed over the past ten years is shown by the fact that 
we did not see one new machine of the old, dedicated 
type with long resetting times. All new production equip- 
ment introduced was, without exception, flexible. In all 
manufacturing areas the aim was towards higher mix- 
flexibility through flow production with small batch- 
sizes, low stocks and short lead times. 

Batch size 1, indicating a very high mixflexibility 
indeed, is already possible in many present-day manu- 
facturing operations, such as Termoli’s Fire engine or 
DAF’s axle production or engine metalworking 
operations. As an example of the growing mixflexibility 
demands DAF’s engine factory produces diesel engines 
in three main types (6, 8, 1 1 litres) in 300 main versions 
and altogether in almost 10.000 different varieties! 

At Philips cassette decks factory, parts are removed 
from the packaging, assembled into decks, tested and 
packaged without manual intervention in a line having 
180 positions. This is done at a rate of 1800 units per 
hour with an output efficiency of 95%, which means a 
huge degree of process control at each position! The 
large number of positions yields the flexibility necessary 
to produce all types over the same line. 

The choice has deliberately been made to increase 
the reliability of the whole chain at the cost of line speed. 
Considerable experience of process engineers in realizing 
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the 100% automated line step by step using the same 
basic automation concepts has proved to be a key to 
success. 

The use of advanced technology is clearly a success 
factor too. Outsert moulding technology leads to mech- 
anical components, such as springs, being replaced by 
plastic components as an integrated part of the cassette 
deck. Apart from the reduction of components, the 
growing mastery of this technology means a growing 
precision. The resulting quality improvement shows up 
in a decreased reject rate by more than a factor of six 
and the resulting reliability of the product shows up in 
a decreased call-rate by a factor of four. 

A key success factor at Philips shavers factory is 
the mastery of cold metal forming. Philips is among 
world leaders in metal forming of cutting parts. The 
resulting high precision implies a competitive advantage, 
that has made it possible to integrate some 25 separate 
operations in shaver head production. 

The profitability of investing in flexible automation 
turned out to depend to a large extent upon the com- 
mercial life-cycle of the products. Put differently: How 
many ycdrs can the new equipment be used before 
changes in the products make the production equipment 
obsolete? This is the main reason why many large-scale 
automation projects in the automobile indcstry are 
profitable. The fact that the basic design of an engine has 
a life-cycle of some ten years or more was a prerequisite 
for profitability of Fiat’s robotized Fire production. The 
other side of the coin is shown by GEC’s Meters factory, 
where technological changes in product designs are 
introduced so rapidly and are of such a fundamental 
nature, that large-scale automation, however flexible, is 
at present not feasible. 

Manufacturing as a Competitive 
Weapon 
The elements that can be recognized in the industrial 
strategy applied by the companies visited are: an 
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integrative approach, reduction of complexity, flexible 
organization structure, well-justified socio-technical 
choices, and the use of advanced technologies. 

Measures to become a flexible, low-cost quality pro- 
ducer can be found by applying this industrial strategy. 
Often, however, measures lose their force as isolated 
actions if they are not embedded in an overall 
philosophy. We found the following philosophy behind 
the industrial strategy of the companies: upgrading the 
production function, integration of technological and 
socio-organizational innovation and strengthening of line 
management’s role. 

It was clear that all companies viewed manufactur- 
ing as a strength to be used in competition. As such there 
were overall, long-term manufacturing strategies as part 
of total strategies. A tour through the factories, noticing 
the almost dramatic changes that have taken place in pro- 
duction equipment installed, relations with suppliers, 
quality levels, lead times, the diversity of products 
delivered and in schooling and training of personnel, 
gives a vivid impression of the importance being attached 
to production and, the long-term approach taken in striv- 
ing tow:ards excellence in manufacturing. 

The days of the pure, efficiency- 
based multinationals are over 

Production within these companies is by no means 
an under-estimated function lvith line management 
having cost reductions as their sole responsibility. Rather, 
plant managers serve as entrepreneurs. At GEC, the plants 
are very responsible for determining their own policy. 
Not only is the management of the plant concerned res- 
ponsible for ,its own results, but profits also largely 
remain there. So it is at Olilvtti. where the plant manager 
discusses his long-term plans directly with the top and 
is, as such, also responsible for his own results! It is, after 
all, his factory (and his neck!). 

Certainly, efficiency remains high on the priority 
list in these factories, but improvements in efficiency do 
not come through the classical approach of cost reduc- 
tions. It is the integral approach, viewing quality and 
flexibility as equal to efficiency, that in the end leads to 
higher efficiency, next to better quality and more 
flexibility. 

Technology also plays a key role in achieving 
excellence in manufacturing. The factory visits have 
taught us the amazing possibilities new technologies offer 
for improving the performance of existing products and 
even supplying completely new products. Fibre-optic 
cables, micro-electronics, industrial ceramics, micro- 
lasers, highly accurate combined plastic-metal products 
are just a few examples. The use of new technologies 
in products accounts for much of the recent productivity 
increases. Other productivity improvements stem from 
advances in process-technology, such as flexible manu- 
facturing systems (FMSs), or automation equipment for 
placing surface mounted devices (SMDs). So technology 
is also a competitive weapon. However. it is not just a 
matter of technological expertise. The factories visited 
clearly demonstrate that - as the technological abilities 
of companies equalize - innovative capacity becomes 
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the key success factor. This implies that the basic premise 
is the inseparable link between technological innovation 
and social renewal. This will be even more important 
in the 9Os, as fast innovation is the next competitive 
factor. 

As we have seen, choices made in factory 
automation, size of factories, etc. differ depending upon 
the particular circumstance of the business groups 
involved. But all companies strive towards ‘faster, 
cheaper and better’. The fact that quality and flexibility 
both enhance productivity forms the basis of our 
experience that large companies have to be flexible, low- 
cost quality producers. It is generally accepted nowadays 
that quality increases productivity and forms a critical 
success factor for any company. As far as flexibility is 
concerned, these statements concerning the productivity 
increases through the use of new technologies - 
coupled to organizational changes - lie at the heart of 
the argument that flexibility enhances productivity. 

Managing the Evolution Process 
Changing demands from the market forced companies 
to master efficiency, quality and flexibility consecutively. 
The management challenge now is to meet these require- 
ments simultaneously. Few companies in the world have 
achieved this goal. More companies are in a transition 
process, which appears to be quite difficult to manage 
for many of them. Fortunately, analysis and experience 
give insight and teach us lessons that might help. 

Market demand evolved in a phased process from 
efficiency to quality and efficiency to flexibility and 
quality and efficiency. These criteria need not be seen 
as conflicting: quality and flexibility, when fully 
mastered, enhance productivity. When trying to become 
a flexible, low-cost quality producer it is essential to 
realize that quality is a necessary precondition for flex- 
ibility. Flexibility, the ability needed to produce wide 
ranges of up-to-date products can only be achieved (at 
reasonable costs) if processes are controlled, if co- 
ordinated actions are taken, if components and semi- 
finished goods are of excellent quality with no rejects, 
if returned lots of repairs waste time and money; in short, 
if and when efficiency and in particular quality are 
properly under contol. Seen in this way, flexibility 
without mastering quality results thus in a number of 
predictable problems, as experience shows. 

The days of the pure, efficiency-based multi- 
nationals are over. The changes began with the appear- 
ance of quality as a major competitive weapon. Today, 
the mix of quality and efficiency is generally accepted. 
To become a low-cost quality producer, the continuous 
improvement approach towards zero defects, while at 
the same time relentlessly driving down costs, is now 
under way in all major corporations. 

In a way, the road towards flexibility resembles the 
quality approach: a continuous process to increase flex- 
ibility, while at the same time keeping up quality and 
efficiency levels. Achieving increased variety, without 
higher cost levels, is a continuous learning process, 
embracing a varied set of measures. 
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In the factory, it involves such actions as reducing 
set-up times, introducing synchronized flow lines, and 
upgrading the capabilities for just-in-time processes. 
Modular designs, enabling a wide variety through 
modules; novel integrative design methods and new 
technologies are used to continuously increase the 
variety of products offered. Miniaturization, digitalization 
and the increasing possibilities of realizing functions by 
means of software play an important part in this respect. 

Of course, not all industries will face such demand 
for increased diversity, but, by and large, it is to be 
expected that affluent customers in the industrialized 
world will shop for products suiting their taste and 
expressing their particular life-style. 

High-volume, low-variety products will increasingly 
be produced in low-cost countries, due to the intense 
pressure on prices that such products face. As a result, 
the large multinationals in high-wage areas such as 
Europe, Japan or America will become ‘high-output, 

PIET T BOLWIJN, 
Industrial Strategy 
and Engineering, 
Philips, Bidng 
HCZ-Sa, PO Box 218, 
5600 MD Eindboven, 
The Netherlands 

Piet Bolwljn holds a 
PIJD irl physics from 

I 

the State University of 
Utrecbt. After joining 
PlJilips, be undertook 

basic and applied research @r seven years. For 
the past 15 years, be has been working as a 
management consultant, with special interests 
in the relationship between business and 
society as well as the impact of tecbrzology on 
strategy and management. From 1991 be has 
been connected to Lighthouse Business 
Engineering, a member of the Lighthouse 
Consulting Group. He is also Professor in 
industrial management at the University of 
Twente, The Netherlands, a position Be took 
up in 1987. 

high-variety’ companies (quality goes without saying). 
We do not believe the majority of large companies 

can choose a position either as low-cost producer or as 
flexible producer. In our fast-changing, high-tech world, 
low-cost but inflexible producers end up making out-of- 
date, and hence too expensive, products using out-of- 
date (i.e. insufficiently productive) equipment very 
efficiently. So in the long run, these low-cost producers 
offer out-of-date products at too high a price. In a way, 
John A Young’s message that industries are competing 
on speed is right, as long as we do not forget efficient) 
and quality are important items. Next to increasing our 
speed, we have to remain efficient and quality-conscious. 
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