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FOREWORD

The microclectronics revolution has profoundly changed the character and the structure of the industnalization
process. Industnial automation, flexible manufacturing and computer-integrated manufacturing are some of the
areas in which technological developments are strongly influencing industnal competitiveness.  The
microelectronic-based technologies, by changing the whole international climate in both manufactunirg processes
and products, are having a significant impact on all countrics, irres.cctive of the level of their deve.opment or of
whether the technologies are applicd there or not. It is equally certan that technology is only one of the issues at
stake: matters pertaining to software, organization, management ard human rescurce development are of equal, if
not greater, unportarce.

The impact of the new advances being made in indust:ial automation are already dramatic and will be even
more so in the future. This is true both for the most industrialized countries — such as those that form the
membership of the Economic Commission for Europe (ECE) — and for the developing courtries, which are the
primary focus of the efforts of the United Nations Industrial Development Organization (UNIDO) to promote
industrialization.

All these issues have for a long tim~ been of high priority on the agendas of both ECE and UNIDO. It is natural
therefore that both organizations devote considerable attention to industrial automation through their respective
programmes.

This publication, a joint effort of ECE and UNIDO, results from a realization that the issues covered are of great
importance for all countries, both developed and developing. It cont.ins a selection of papers presented at a Sem-
inar on Computer-Integrated Manufacturing organized by ECE i co-operation with the International Institute for
Applied Systems Analysis (JIASA). The Seminar, which was attended by a representative of UNIDO, was held at
the invitation of the Bulgarian Government in Botevgrad from 25 to 29 September 1989. The papers are introduced
by an article that presents an analytical summary of developments taking place, together with some of the more
interesting points raised dunng the Seminar, and attempts to highlight the issues which are considered to have par-
ticular relevance for developing countries.

The publication is an expression of the close co-operation which exists between ECE and UNIDO and a dem-
onstration of the potential benefits of increased international co-operation. something 11 which United Nations or-
ganizations and agencies, such as ECE and UNIDQ, have a vital role to play.

Gerald Hintercgger Domingo L. Siazon
Executive Secretary Director-General
Economic Commuission for Europe United Nations Industrial Development Organization
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Abbreviations
References to dollars ($) are to United States dollars, unless otherwise stated.

The following abbreviations are used in this publication:

AGY Automated guided vehicle

Al Artificial intelligence

AMT Advanced manufacturing technology

BR Boundary representation

CAD Computcr-aided design

CAL Computcr-aided cngincering

CAL Computcr-aided logistics

CAM Computer-aided manufacturing

CAP Computcr-aided planning

CAPM Computcr-aided production management

CAPP Computer-aided process planning

CAQ Computcr-aided quality assurance

CLCIMO I:uropcan Committee for Co-opceration of the Machine Tool Industry

CIM Computer-integrated manufacturing

CMM Co-ordinate measuring machine

cMPP Computcr-managed process planning system

CNC Computerized numenical control

CNCMT Computerized numcrically controlled machine tools

CPU Central processing unit

CRT Cathodc ray tube

CSG Constructive solid geometry

DCF Discounted cash flow

DXC Direct numcrical control

DXF Data intcrchange format

EDI Flectronic data interchange

EXAPT Extended-automatically-programmed tool (programming
language for NC machines)

FAS Flexible assembly systems

FMC Flexible manufacturing cell

FMS Flexible manufacturing system

FMU Ficxible manufacturing unit

1GES Intemational Graphics Exchange Standard

IRR Intemal ratc of retum

IT Information technology

T Just in time

LAN Local area network

MAP Manufacturing automation protocol

Mis Management information system

MRP Matenal requircment pianning

MRP2 Manufactunng resources planning

NC Numerical control

NIC Newly industrialized country

OCR Optical character recognition

0Sl1 Open-systems interconnection

PC Personal computer

PLC Programmablc logical controllers

PRIDE Pinch roll intcractive design cxpert/environment

QA Quality assurance

QC Quality control

ROI Return on investment

SME Society of Manufacturing Engincers

TOP ‘Technical office protocol

wip Work in progress

Vit
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| TRENDS AND PERSPECTIVES IN THE DEVELOPMENT AND DIFFUSION OF CIM

by John Bessant, Centre for Business Research, Brighton Polytechnic, Brighton, United
Kingdom

1.1 Background

When Henry Ford built his Model T in the 1920s he
created an approach to its manufacture which, for its
fime, was probably the most efficient in the world.
Cars could be produced from raw iron ore in just over
three days, quality was high and scrap levels low,
inventory flowed through the plant with very little tied
up in wasteful queues and the whole plant achicved
extremely high levels of productivity. So successful
was this model for factory organization that it
increasingly became applied to other industries and,
cventually, services as well. It became, in short, the
dominant approach to manufacturing organization up
to the 1950s and 1960s, and it still serves as a
common bluecpnnt today.

But whilst the market environment in the 1920s was
prepared to accept a car made in “any colour you like
as long as it's black!” that is no longer truc today.
Products and services — whether cars, clocks or
cookers — are ncw being sold in competitive markets
where demand for vanety and customization is high
and growing. Nor is the compcetitive pressure confined
to this onc dimension of product varicty. At the same
time, manufacturers are under pressure to  offer
featurcs such as rapid delivery (“just-in-time” for
consumption or for further working), high and
consistent quality, advanced design, frequent product
innovation and a high level of customer scrvice before,
duning and after sales. What has happened, especially
since the oil crisis of the mid-1970s, is a shift in the
raturc of the marketplace, away from a pattemn
characterized by homogencous mass demand and price
competition and towards one which — whilst not
neglecting price as a competitive factor — alsc needs
to recognize a whole series of non-price factors.
Muarket fragmentation and increcased competition has
forced the pace.  Manufacturers who wish to compete
in global markets must now be capable of mecting the
simultancous challenge of flexibility, quality and
productivity.

The extent of this challenge can be seen in the
strategic  behaviour and intentions of major
manufactunng organizations. The following two
tables present the results of a regular survey of key
manufacturing firms in Europe, the United States and
Japan. Table 1 provides an indication of the major
issues of current concern amongst manufacturers, and
of their future strategic prioritics — i.e., what they
plan to stress in their future competitive behaviour.!

From this it can be seen that the challenge to
manufacturers is essentially a mixture of interna! cost
pressures (on inventories, equipment utilization,
energy efficiency, labour productivity, etc.) and
external demands (for higher quality, better delivenes,
etc.) Coupled with this is a recognition that future
competitiveness  in - manufacturing  will  depend
increasingly on non-price factors, as shown in table 2.

This survey refers primanly to manufacturers in the
advanced industnalized countries, but the chalienge is
even stronger in the developing countrics.  !ere there
is not only the pressure to achieve some degree of
international competitiveness in  manufacturing but
also to do so in a context of lower levels of skilled
human resources, outdated technical equipment and
limited managerial expertise.  Competition is shifting
away from pnce factors alone and so the advantages
offered by cheaper factors of production, such as low
labour or matenals costs, are likely to become croded
in the future as cxport markets become more
demanding. In addition, the adoption by
industrialized country producers of advanced
technologics which affect prices, not only by reducing
direct costs but also by making major inroads into
indirect cost areas, is likcly to upset the balance of
advantage held by some developing countries pursuing
a low-cost cxport strategy. Table 3 lists some typscal
developing country problems which neced to be
overcome if a firm is cither to compete in global
markets or to defend indigenous mar' ets against
imporis from more advanced countries.
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Table 1

Key concems of manufacturers in Europe, the United Staies and Japan

EUROPE UNITED STATES JAPAN
High or nising overhead costs Producing to high quality Producing 1o high qualty
standards standards

Producing to high quality
standards

Introducing new products on
schedule

High or nsing material costs

Availability of qualified supervisors

Inability to dcliver on time

Poor salcs forecasts
Making new process technology
work

Falling behind in process technology

High or nsing inventones

High or nsing overhcad costs

Introducing new products on
schedule
Poor sales forecasts

Yield problems and rejects

Making new process technology
work

High or rising matenal costs
Vendor lead times

Indirect labour productivity
iigh or nsing inventorics

Yicld problems and rejects

Introducing new products on
schedule

Availability of qualified
SUPCTVISOrs

Falling behind in process
technology

Ageing workforce

Inability to deliver on time
Availability of qualified
workers

High or nising overhead costs
iligh or nsing inventones

Source: INSEAD, 1986.

Tablc 2

Compctitive priorities into the 1990s

EUROPE/UNITED STATES

JAPAN

Consistent quality

High performance products
Dependable deliveries

Fast delivenies

Low pnces

Rapid design changes
After-sales service

Rapid volume changes

Low prices

Rapid design changes
Consistent quality
Dependable deliveries
Rapid volume changes
High performance products

Fast delivery

After-sales service

Source: INSEAD, 1986.
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Table 3

Typical problems in developing countries

* Undenutilization of workers and equipment
Infenior quality

Unrchable delivery

Long lead times

High rates of serap and rework

Poor and inadequate maintenance
Shortage of raw matenals

Shortage of skilled workers

Lack of adequate supervision

Low productivity

* * € » & & 5 o

1.2 The productivity dilemma

Mecting these  challenges is not  simple. As
Abcmathy? pointed out in his influential study of the
motor vchicle irdustry, there is a basic trade-off
between flexibility and efficiency. Arguabily the most
cfficient model for production is one in which effort is
devoted to the manufacture of a single product — a
pattern which approaches the charactenstics of flow
processes.  Productivity growth can be achieved
through exploiting economics of scale and by
concentrating investment in special-purpose capital
cquipment. By contrast, offering higher product
vartety implies some form of batch manufacture where
there are costs in terms of delays whilst equipment is
re-set for differcnt products, increased overhead costs
associated with tracking multiple products through the
factory, higher inventory costs in raw materials,
work-in-progress and finished goods and so on.
Productivity here depends upon the ability to produce
higher value goods (in termss of design, quality, etc.) in
order to sell at higher price markets.

The result is that manufacturers face a trade-off
between flexibility (in terms of product varety) and
productivity.  Market pressures have increasingly
forced firms to try and find ways of offering both of
these aspects simultaneously — what Abecmathy terms
“the productivity dilemma.” In the currcnt market
environment the challenge is even harder ~ firms not
only have to resolve the flexibility/productivity
tradc-off but also other trade-offs with quality, service
and speed of response and product innovation. 3

1.3 Technology to the rescue?

One traditional way of dealing with challenges in
manufactunng is to use technology. The latter half of
this century has been dominated by spectacular
developments which appear to offer ways of meeting
the challenge. particularly  through the use of
information technology mn computerized
communication and control. These dayvs the termu
“advanced manufactunng technology™ is  often
synonymous with information technology (IT). Yet
even ten years ago the level of application of
comnuters and related technology was relatively low.
Although industnial computer systems were available
mn the 1960s, 1t was not until the mid-1970s, with the
widespread diffusion of microprocessor control, that
things really started to happen. But during the past
ten years the transformation has been dramatic.
Estimates suggests that about 70% of all factones in
industnalized countries are using IT in some
application; and within larger firms or sectors like the
clectrical or chemical industry, the figure is closer to
100%. And if we look at the types of application,
the cxtent of this penctration becomes even more
marked: almost all manufactunng activities, from
initial design and pre-production planning work right
through to final delivery, can employ some aspect of
IT. ¢

At onc level this pervasivencss is easy to understand.
IT ts usually defined as the convergence of computers
ard communication technologics, but for our
purpuses it is more useful if we think of it not in
terms of what it is but of what it does. IT makes
possible radical improvements in the way in which we
store and retrieve information, the way we process i
and the way in which we communicate it.

If we look at a typical factory and break down the
activities going on within it, then we find that the
majority — perhaps 80% ~ are, at heart, information
activitics. All the production planning and control,
from sales order processing, through purchasing,
capacity planning, production scheduling  transport
and quality functions, right through to final dispatch
arc  cssentially  information-based  processcs.
Monitoring and control of the varous process
vaniables involve combinations of information
recording and processing. Design is increasingly an
information-based activity.  Financial controls of
vanous kinds are cntically dependent on information
flows and stores.
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Thus the potential for using a technology which offers
dramatic improvements in the wav i which we
manage information activities s verny significant.  What
has happened over the past ten vears is a pradual
mstunng of the technology — 1 terms of costs,
apphcations,  configunng  to  suit  indastnal
environments, ctc. — to exploit this potential.

But although IT has undoubtedly been a powerful
force for change in manufactunng, it would be wrong
to sce this as the only factor which has influenced the
emergence of advanced manutactunng technology 1n
the form available to us today. Perhaps the most
significant trend —  which 1T has aceelerated but
which 1t predates by many years — s the trend
towards integration.

1.4 Substitution and integrated innovation

Innovation in manufacturing has been taking place
cver since the Stone Age, as new and better ways of
doing things have been discovered and developed. But
there 15 a qualitative difference between inpovations
which are pnmanly associated with “doing what we ve
alwavs done but a liuke better” and thoxe which
fundamentally change the nature of the process 1o
which they are applied. In the former case we are
really talking about a substitution process — a typical
example here would be replacing a machine with one
designed 160 work faster or more accurately.  In the
latter case, the machine could be radically extended in
its capability, for cxample, by making it abic to
perdorm several functions instead of ~ne, or by adding
an “mtellizent” controlier.

The distinction is one of integration.  Through a
synthests of different elements, the whole becomes
greater than the sum of its parts. As we move from
substitution towards more integrated forms, so we
bring together more of the  previously  separate
functions in the manufactunng process. At the same
time, the benefits which the technology offers merease
with higher levels of antegration.  We move from
“more of the same but a httle better™ - faster, more
accurate, cte. - to radically new opportunitics which
offer significant improvements across a broad front, in
quality, in flexability, in productivity and so on. (In
systems theory terms, more integrated systems have
“emergent properties,” only appeanng at the higher
levels of integration of sub-systems).

The significance of such ntegration emerges vhen
there are simultancous improvements along scveral

dimensions. Where change is confined to innovations
in machinery or metheds alone, the benefits are often
only at the substitution level.  However, when there
are changes taking place in production methods.
human rmesource capabilitics and machinery and
equipment all at the same time, the resulting synergy
can contnbute radical umprovements to overall
performance.

We can see this in a2 number of examples. In the ficld
of manutactunng. for example, the carliest machines
built upon the integration of the craftsmans tools
with new sources of motive power.  Subscquent
development cnabled a single machine to perdonm
multiple functions, so that although its cost and
complexity rose, it replaced several older-generation
machines.  Nor was this process confined to the
physical technology alone.  As we have scen, the
process of organizing production and the use of labour
within a pattern of work organization was also
gradually integrated 0 such a fashion that by the
19205 the Ford assembly hines represented the tnumph
of antegration, linking men and machines into a
complex bug, even by today s standards. an extremely
cfficient wtegrated system. This also mvolved the
integration of supply chatns and distnbution.

Other developments in machinery n more recent years
have  included the integration  of “intelligence.”
gradually  replacing  the  judgement  of
craftsmen by the incorporation of some torm of
machine controller —  ongnally numernical control
(NC), then computer numencal  contral  (CNC)
followed by arrangements of CNC equipment in cells
supervised by other  computers  (direet  numencal
control DNC), through 10 today’s state of the an, the
flexible manufactunng system (FMS). In an FMS all
the functions of transport and manipulation, tool
management,  loading,  unloading, and  overall
schedubing and planming are managed by a DNC-type
network of hinked computer controls. In the future we
can cxpeet to see this process go even further, with the
mcreasing use of artificial intelbigence. Thus over a
penod of 150 vears or so we have moved via this
mtegrating process from a single machine tool to a
complete manufactunng system. In the process, the
range of benefits emergng from the mnovation have
moved from better and faster machining to much
more powerful and strategic advantages such as lead
time  reduction,  quality  aimprovement,  flexibility
improvement and inventory saving.

mndvidual




COMPULTER-INTEGRATED MANLFACTURING 7

The same trend can be obsenved in other areas of
manufactunng. For cxample, in the field of design,
the vanous tasks associated with this complex process
have gradually become integrated into computer-aided
design systems. In this process, the traditional
drawing office with its rows of draughtsmen crouched
over drawing boards has been replaced in many cascs
by computer wded design in which the designers work
with computer termunals.  This changes a great deal of
their work, although superficially they are stll
accomplish:ng the same task, except with an electronic
penal.

The first change is that the activitics of design and
draughting have converged. Whereas before, much of
the design department’s work consisted of a laborious
drawing of ideas and redrawing to accommodate
changes and improvements, this can all now be done
using the computer system. More important, the
drawing on which a teamn of designers are working at
any moment s automatically updated with the results
of changes made by any other designer. This means
that for the first time all designers arc working on the
same project, and in the design of complex assemblics
like motor cars, such a featurc can mean sigmficant
savings.

But even allowing for the very powerful contribution
of computer-aided design to the draughting and design
process, its rcal significance emerges as I'T facilitates its
integration  with the manufactuning process  itself.
Since computer-aided design (CAD) systems make use
of information coded in clectronic form, it follows that
otha: systems, such as those for computer-aided
manufacturing which also usc such information, can
be linked via some form of network. This is the basis
of CADCAM - computer-aided design and
manufacture — in which not only can the prcduct be
designed on a computer screen but, when the design s
finally refined, the necessary instructions can be
generated and sent to the machine tools and other
devices which will aciually manufacture it.

The advantagzs of this kind of integration are
enormous.  They extend beyond the generation of
designs and the relevant information necessary for
controlling the manufactuning process to those for

other activities, for example, for managing the vanous
co-ordination and control activities such as matenal
requircments planning, capacity planning and quality
control. Benefits arising from this include significantly
reduced lead times, improved quality, better machine
utilization and much improved customer service.

Ore other feature worthy of comment here is that,
whereas Henry Ford was able to achieve very high
levels of productivity and efficiency in his plant
through integrating different physical elements into the
assembly line, this led to ngidity and centralization,
which ultimately acted against the company’s
competitiveness. By contrast, today’s systems can
offer — as a consequence of network technology —
the possibilities of “flexible integration,” in which
systems can be tightly coupled and highly centralized
and, at the same time, highly decentralized and
autonomous.

1.5 Computer-integrated manufacturing
and beyond

Unitil now, such integration has usually taken place
within particular functional areas of manufacturing, as
illustrated in figures 1, 2 and 3. So the major changes
in design have largely remained in the design and
drawing area. Improvements in machining systems
have mostly been confined to the factory floor and to
specific areas within that.

However, recent developments have begun to blur the
lines between functions — as in CAD/CAM systems,
for example (figure 4). They make usc of the feature
that IT-bascd systems use a common clectronic
language and can thus be configured to communicate
with each other via some form of network.

This is the basis of computer-integrated manufacturing
(CIM), which can be defined as: “the integration of
computer-based monitoring and control of all aspects
of the manufacturing process, drawing on a common
databasc and communicating via some form of
computer network.” Figure 5 shows this development
from integration within functional areas towards
inter-arca integration and finally CIM.
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Figure 1 Figure 2
Convergence in design Convergence in the production sphere
Integration in design: integration in production:
® Computer-aided draughting ® Monitoring and control
® Data base management of design information ® Integrated cells
® Computer-aided design ® Robotics
® Computer-aided design and manufacturing (CAD/CAM) ®  Flexible manufacturing systems
o Links to planning, purchasing etc. ® Automated tasting
e CAD/CAM
Design
Production
Figure 3 Fig ¢4
Convergence in co-ordination activities Convergence towards CIM - the case of CAD/CAM

Integration in co-ordination:
®  Material requirements
¢  Material requirement planning
® MRP2 (manufacturing resource planning)
® Integrated manufacturing and business systems Design Production

Co-ordination

Integration begins to blur the lines between spheres
of activity, for example, computer-aided design and
manufacturing (CAD/CAM) involves convergence
at several levels.
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Figure §

Cowergence to CIM

\_/

Source : Basad on Ksplinsky, 1984, Computer-integrated manufacturing

Figure €

Computer integration beyond the firm

Computer-integrated manufacturing does not stop
at the boundaries of the tirm . . .

N
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Figure 7

Basic CIM hierarchy

Level 5

Integration of
manufacturing
systems with other
business systems
within and beyond the firm

Level 3
Inter-functional links, for example CAD/CAM

Level 2

Control of groups of machines linked in cells

yA—

Level 1
Individual machine control

A\

Of course, such ntcgration does not stop at the
boundaries of the firm (see figure 6). Intcgration via
clectronic means can also extend backwards along the
supply chain (with, for exampie, shared design
processes or clectronic components ordening linked 10
inventory management computers) or forwards into
the distribution chain, using what is termed “electronic
data interchange” (EDI) to sperd the flow of
products to outlets whilst also minimizing the
inventory held within the chain.

Computcr-integrated manufacturing essentially brings
together two key aspects of manufactuning activity —
the matcnals processing and the information
processing.  Automation has already had a major
impact on many of the physical transformation
processes in usc, to the extent that direct labour costs
in engincering, for example, are often less than 10% of
total costs. Emphasis has shifted to indirect activities,
many of which involve information processing or
communication, and the application of IT in these
areas is beginning to contibute significant
improvements in performance. CIM offers radical
improvements in ovcrall manufacturing cffectivencss
since it merges these two powerful forces for change.

One of the must common modcls for CIM 1s some
form of hicrarchy or pyramid, as indicated in figure 7.
Here tlie basic level operations — machine controllers,
data collectors, etc. — operate autonomously but also
communicate information to the next level, covening
the overall monitoring and control of a cell. This
would, for example, be the case with a simple flexible
manufacturing cell. Further up, a plant controller
would handle the activities of several cells,
co-ordinating their usc of resources and monitoring
their overall perfformance. Level four would involve
the intcgration of other key functional arcas, for
cxample, design and marketing, and would represent a
shared information system of the kind represented by
Manufacturing Resources Planning (MRP2). An
important clement is the Automated Guided Vehicle
(AGYV) in the integration of production processes at
shop-floor level. level five would be an overall
business systems integration, in which the financial
and sales information would be linked into the
manufacturing system and level six would be the
overall board-level strategic view, which includes long-
and short-term perspectives, e'c.

The common characteristics of this kind of
architecture are that they involve networks and that
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information car be shared throughout the system.
Changes anywhere in the system will update the rest
of the mformaticn in the system. So, in one sense,
the entire operatton can be seen to behave as if it were
a single cnormously complkex machine. But this is
not, as some cntics have suggested. simply  a
centralizing and  concentrating  process. The  key
property of the networks which form the “nervous
system” for CIM iy the ability te be simultancously
highly centralized and highly decentraliacd.  Thus the
cconomics of shared resources and information can be
added to those of iocal autonomy and flexibility in
uncertain environments.

1.6 Benefits of computer-integrated
manufacturing

Such developments towards CIM do not just offer
considerable  improvements m  traditional ways of
making thing . They also open up completely new
and often highly integrated options. And the
contnbution which such changes can make to dealing
with the problems of the market cnvironment as we
move to the 1990s and beyond are equally significant.
Pressures on firms to be more flexible, to offer high
quality, better customer service and improved dehivery
performance and to emphasize design and other
non-price factors all pose major challenges to
manufacturers to add to the “traditional” burden of
ensunng cffective use of inputs of energy, matenals,
labour and capital.

CIM differs from other technologies in its impact on
indircct cost arcas as well as direct costs. It
contnbutes to better co-ordination, it tightens the
linkages between previously scparate clements in a
production chain, it brings powerful planning and
monitoning !ools to bear upon the problems of
production control, and it reduces the amount of
paperwork  required to maintasin cven a  swnple
manufacturing system. ‘Thus, any of the traditional
arcas of overhead cost — which can often account for
40% or morc of total product costs — can be
reduced, adding further to the competitive benefits
offered by CIM. CIM in this context is seen as a

major and valuable competitive weapon.  Table 4
compares the benefits offered by CIM with the key
challenges confronting manufacturers as they move
mto the 1990s.

1.7 Supply-side growth

The thid trend which is of importance in considering

the  development  of  advanced manulactunng
technology  concemns  the  supply  side. As a
consequence  of  the  growing  pressures  on

manufacturers to  find solutions to the strategic
problems of the [950s and 19905 and the emergence of
powerful hcartland technologies with widespread
potential, we have seen an explosion of growth in the
industry concerned with supplving manufactuning
innovation. The IT industry as a whole is expected to
be worth some $600 billion by the 1990s and to have
overtaken oil as the world’s biggest industry.
Although this figure includes the major contnbution
from the telecommunication ficld, the importance of
that technology in providing the networks for CIM
should not be discounted. Estimates for 1985 suggest
that the global cxpenditure on industnal automation
was of the order of $38 billion, nsing to asound $30
billion in 1989 and with predictions for 1992 of about
$90 billion.

Within the automation industry, the sectors concemned
with supplying advanced manufacturing technology
(AMT) have already demonstrated very rapid growth
— typical annual sales growth has been in excess of
20% for many products or systems. Such rapid
supply-sidc growth has both positive and negative
consequences for the potential user. On the plus side
it means that there is a proliferation of choice. For
any item of AMT which a firm might be considenng
buying there is a wide and growing range of options
from which to choose. This choice spreads across
several dimensions, to suit fim specific clements, such
as cost, firm size, industnial sector, level of skill and
previous expenence.  The effect of massive supply-side
growth has been to create a buyer’s market, in which
customers can demand high levels of service and
support and customization to meet their particular
needs.
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Table 4

Computer-nteyrated manufactunng: a solution tor the manufactunng problems of the 19905

Muain problem issucs as seen by
sentor manufactunng exceutives in Europe

Potential contnbutions offered by CIM

PProducing to high qualty siandards

Improvements in overall quality via automatd

mspection and testing, better production information
and more accurate control of processes

High and nising overhead costs

Improvements in production information and

shorter lead times, smeother flow and less need for
supervision and progress chasing

High and nising matenal costs

Reduced inventones cf raw matenals, work-mn-progress

and finished goods

Introducing new products o schedule

CAD/CAM shortens design lead time

Tighter control and flexible manufactuning smooths flow
through plant and cuts door-to-door time

Pcor salcs forecasts

More responsive system can react quicker to informaticn

fluctuations.
Longer-term, integrated systems improve forecasting

Inability to deliver on time

Smoother and more predictable flow through design

and manufacturing stages makes for more accurate deiivery
performance

Long production lcad times

Flexible manufactuning techniques reduce set-up times

and other interruptions so that products flow smeothly
and faster through plant

P

But on the negative side, the expansion of the supply
side into a large and highly competitive industry
mcans that there is considerable pressure to sell. For
inexperienced users there is the very rcal danger of
being subjected to  high-pressure  sales  techniques
which arc not intended to solve a particular
manufacturing problem but rather to shift a particular
scller’s set of boxes. Thus there 1s an important need
for user finns to develop shills in the choice of
technology to meet their particular needs.

The problem is cxacerbated as we move along the
continuum  from  substitution  innovation to
integration. s we begin to talk of major investments
in manufacturing systems, covering a number of
functional arcas rather than single items of cquipment,
s0 we begin to approach the limits of experience on
both the supplier and the user side.  For example, an

engineering firm might understand fairdly well the
problems involved in buying a new machine tool, and
the supplicr of those tools will attempt to address
these concems.  But when the question s one of a
fleible manufactunng system, which brings together
machinc tools, computers, robots, automatic transport
systems and software, the problem becomes much
bigger than any most firms have experienced beforc.
The limits of their leaming cunve will have been
rcachcd and their ability to manage the process of
sclection and implementation will be limited.

On the supply side the same problem is also ecmerging,
as the move to selling systems rather than individual
items of cquipment comes to the fore. The supplicr
of machine tools is suddenly challenged to become a
much morc broadly based supplicr, requining
competence in computer hardware and software,
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robotics and automated transport technology. factory
avtomation networks and so on. In the shont ierm 1t
15 bhely that the ability o provide a solut:on to the
uxr firms’ problems may also be mited by the
supplicr s own nexpenence.

The effxct of this 15 to introduce conidemble
uncertainty into the selection stage of the inpovation
provess. A\ number of strateptes have emerged io cope
with this prublem. rangng from delaying investment
until such time as the market matures to the extensive
use of external consultants and advisorss. (I this
connection it 1s teresting 1o note the rapid cxpassion
of the manufacturing technology and management
consultancy industry and the particular micres :n
“systerns integration contracting.”  That s, 1ho
provision of scrvices analogous to those of
“managing agent” in a major building proxct. taking
responsibifity  for putting  different  contributions
together and for bringing the project in on time and
within budget.) 3

On the supply side there is the recognition : ¢ the
limits to the ability of any onc firm — cven amongst
the largest vendors — to supply complete sysicms
expertise and products, and this has agan lec to
several coping strategies. There have been a vaniety of
mergers, acquisttions and “strategic” alliances betwzen
firms, all designed to try and broaden the range of
products, competence and expericnce which can be
offered.

Perhaps the most interesting trend has been the
emergence of carly users of advanced manufacturing
technology (especially in its more integrated forms) as
suppliers of systems and expertise. Their argument
here is that they had to undergo considerable lcaming
and devclopment in order to solve ther own
problems, often including coping with an immature
and disorganized supply side which was unable to
meet their particular needs.  Conscquently, they have
now accumulated a reservoir of knowledge and
expericnce on the basis of “lcaming by doing,” which
has considerable commercial value.

So the overall picture of the supply side is onc of
cnormous potential and choice. but also of continuing
development and maturation.  The eflect of this is to
make the sclection environment highly complex and
uncertain, and to cmphasize the importance of skills
and compcetence in this arca as a key feature in the
successful implementation of AMT. Two guestions of
particular concemn for many smaller firms and those
operating in developing countrics are how to identify
the nght time for entry into CIM., and the nght level.

Both these can only be answered successfully of the
decisions are taken within a clear strategie tramework.

1.8 Experience with CIM

At fist sight CIM appears 1o reprewent a perfect
imamage  between  technological potential and  the
manufactunng challenges of the 1990s. Fxpenence in
a vancty of countries and industrial xctors coslinus
the powcrful advantages which can be gained and
Pizhlghts  improvements in overall  business
cifectiveness measures rather than ssmply in improved
«iMciency 1n areas within the factory.  For example,
I'tthic ates 2 United States Government study of five
cases of computer-aided design and manufactunng in
vwhichk the average inventory savings were 35%. In
another case he reports a2 United States pump
manufacturer investing $9 million and obtainng
annual savings of $10 million plus a one-off saving of
mventory of $11 milbon; n addition throughput time
was reduced from 25 to 2 days. 6

In studies of flexible manufactuning systems in the
United Kingdom and Sweden, we found average
figures of inventory savings of 70% and of kead time
reduction of 70%, and similar figures have been
reported in other studies from vanous LEuropean
countrics and from Jjapan. 7

But there is another side to the coin.  Evidence is
accumulating to suggest that much of the investment
in advanced CIM components, such as flexible
manufacturing  systems, intcgrated  management
software for manufactuning resources planning or
computcr-aided design and manufacturing, is not
being used to anything like its full potential. In a few
extreme cascs the considerable investment has failed
completely, but in most cascs it is morc a matter of
underutilization of the potential. For example:

* In 1989 the United Kingdom was rcported to be
investing in CIM at a rate of ncary f£2
billion/year, equivalent to 20% of all capital
cxpenditure in manufactuning. But up to a third
of that moncy is being wasted — intcgration has
occurred only on a technical level and not on an
overall business kevel. In particular, “benefits on
the whole have been disappointing with an
achicvement of 70% of plannced gains... CIM has
not resolved the problems of quality and
performance to schedules as anticipated.... MRP
has only managed to tdy up and cnforce
disciplines without achieving the (wo prmary
goals it claims to resolve ie. inventory reduction
and adhcrence to deadlines.” ¥
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e In another United Kingdom study of users of
various tywpes of advanced  manufactunng
technology . managers were ashed o rate ther
investments in terms of their (subjective) views of
the retum to the fum.  Therr responses suggesy
that pcarly half the users of computer-aded design
were dissatisficd whilst 70%e of users of FMS and
nearly 80°e of robot users felt ther investments
had given them “zcto 10 low payoff.™?

* In a study of 33 firms using computcr-aided
production management (CAPM) systems, ncarly
2 thid were considered by users to have been
failures. The study concluded that “..even
advanced users ...are not getting the full benefits
from their systems.”™ 10

e In companng the opcration of flexible
manufacturing systems in the United States and
Japan, Jaikumar found that, for similar systems,
Japancse users were able tc obtain  higher
productivity and flcubility from ther systems.
Table 5 highlights the main results of this study.

» In a reseach progiamme  on  advanced
manufactunng technology users camed out on
behalf of the United Kingdom National Fconomic
Development Office, Bumes reports that © ... of
the 21 systems obscrved, 12 were operating
satisfactonily but the other 9 were performing
considcrably below expectations.  Indecd, the
performance of onc system was so bad that the
company cventually scrapped it altogether.......
Even in the 12 instances where satisfactory
performance was achicved, in four cascs there
were major problems and long delays had to be
experienced in bringing  the  systems up to
expectations.” 12

¢ Another United Kingdom study commented that
* e only about 25% of CAD,CAM installations
in the UK are comsidered a suceess.  Trom the
logistics perspective, the CIM track record is even
more suspect; if we consider logstics is all about
having the right resources at the nght place and
timc then a substantiall number of MRP2
installations can be considered faslures.” 13

o Recent cvidence from the USSR conceming
fleaible sutomation shows that “no less than 4
third of the 50.000 industrial robots produccd
between 1981 and 1985 had not performed cven
onc hour’s work. A sample inspection made by
the Pcople’s Control Committee of the USSR in
1985 showed that the annual rctum on
introducing 600 robots, at a cost of more than 10
million roubles, was a mere 18,000 roubles.” 14

Tabke §

Comparnson of United States and
Japancse FMS installations

FACTOR UNITED  JAPAN
STATES

Number of different

parts produced 'system 10 93

Number of parts

produced ‘day 88 120

Number of new parts

introduced year 1 22

LUulization rate

(based on 2 shifts) 52% 84°%

Avcrage mctal-cutting

time (hours day) 83 2.2

Source: Jaikumar, 1986.

So it is clear that unlocking the full potential gains
offered by expensive CIM investment involves more
than simply making the decision (and finding the
capital) 1o adopt the technology. There is little doubt
than the use of CIM can be very profitable, but this
will only be the case if its introduction is linked 1o
clear stratepic objectives and its implementation s
managed carcfully.  Potential users of the technology
should look at, and leam from, failures like those
descnbed above as well as successes.

I xamination of cascs in a vancty of studies confinns
the view that there are two key features associated
with successful implementation of CIM.  The first is
that the investment is made within the context of o
clear stratcgic framework. Rather than sclecting and
investing in CIM because it is a fashionable
technology, successful firms have a clear understanding
of their business, knowing where they want to be in
the marketplace and how they plan to compete and
the implications this has for manufacturing. They also
know their present strengths and weaknesses within
their manufacturing operations (in  terms  of
cquipment, facilitics, experience and skills) and can
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plan a step-by-step strategy which builds up to highly
miczrated automation in a senies of stages rather than
a quantum leap.

The sccond key point is that successful fums recognize
that they nced 1o make significant and far-reaching
changes to the way production is organized and
managed. Using a “revolutionary™ technology such as
CIM  rquines a silardy  radical  degree of
crganizational change along a number of dimensions,
including the skills profile, the functional and
hicrarchical structure, the philosophy of management
and control and the underying culture of the
organization. The argument has been advanced that
we are now in an cra which is moving away from the
Fordist pattem in terms of mass markets and
dedicated technoiogics based on scale economies and
arc entcning a ncw post-Fordist cra characterized by
emphasis on flexbility, variety and cconomics of
scope. [f this is the case, then a central feature of the
change will be the cmergence of new models for
organization and management.

1.9 CIM and new techniques in production
management

One of the problems 11 looking at technology is that
wie often assume a namow definition of the word,
treating it as synonymous with hardware or computer
systems.  But the dicticnary dcfinition is much
broadcr, referming to “the useful arts of manufactunng”™
and cssentially desenbing a totai system including both
tools and the way in which they are used. This
altemative view i1s imponant because it reminds us
that considerable improvement can often be obtained
with minimal capital investment by changing cxisting
practices in production organization and management.

In this connection it is imporntant to highlight the
expenience n the use of new approaches such as
“just-in-time” and “total quality management,” both
of which have been credited with making possible the
extremely powerful performance of Japan as a
manufactunng nation during the past thirty years.

These concepts  are often misunderstood  outside
Japan. being seen as narrowly applicable techniques to
dcal with specific problems rather than as much
broader philosophics which provide a framework
within which a varicty of tools and techniques arc
deployed.  For example, the basis of just-in-time is
that most factonies give nisc 1o a great deal of waste -
in matenals, tn human and machine cffort, in
monitoring and control systems, in movement and in
time. The approach begins by sctting the ideal goal of
producing or doing things “just in time” for them to

be used by the next clement in the chain throcghout
the manufacturing process. Emphasis is then placed
on problem-sohing on a broad front to iy and
achieve this ideal or at least to get as close to it as
possitle.  This may involve changing the physical
layout of production, changing the wav in which work
15 organuzed, re-equipping machines, reducing set-up
times, changing the inventory management system.
cte.  The focus of such techniques s thus less on
improving direct cfficiency of equipment than on
ensunng smooth flow throughout the factory. This
shift i emphasis assumes considerable economic
significance when we consider that, in engincening, for
cxample, a product may spend less than 3% of its
time in the factory actually being machined or
operated upon. with the remainder taken up in waiting
or transportation time.

Total quality management involves a similar and
interrelated approach which sees quality as something
much more than just a narrow attribute of a product
Or  scrvice. It also stresses a company-wide
mvolvement in the problem of quality improvement
and involves a range of toc!s and techniques aimed at
mobilizing problem-solviug cfforts towards the goal of
“zero defects.”

Central to both of these philosophies are two
clements.  The first is the involvement of every
cmployee n the process of problem-solving, and the
mohilization of their commitment towards a common
goal. The second 1s the idea of continuous
improvement, which cnsures that progress  is

maintaincd over the long term.

It is often argued that these approaches are effective
but can only work in Japan. Whilst it is truc that
they have been  successfully developed and
implemented in Japan during the past thirty years.
there s nothing particularly Japanese ubout them and
there is growing evidence of their application in a wide
vancty of countrics, industnai scctors and firm sizes.
Further, most of the underlying ideas derived from
expenience in Westem factories — for exaraple, many
of the principles of jusi-in-time come from classical
work study developed in the 1920s in the West, whilst
total quality management was also developed in
wartime factories in the United States and Furope.

The potential of these techniques for improving
manufacturing performance is considerable and there
15 growing case-study  evidence 1o suppont it
Importantly, these benefits are again not confined to
cfficicncy improvements in a narrow arca but have an
impact on the overall competitive cffectivencess of the
firm.  For example, many studics report savings in
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excess of 70% on lead tmes. inveniory levels. space
and quality problems. In addition. pergronmes of
this kind offer other, less tangble bencit's such as
improved empiovee motivation and contnbution. For
cxample, at Toyota, the avcrage number of
suggestions offerced by employees for improvements in
products und processes approaches 2 million per vear,
of which the vast majonty are adopted.

Perhaps the most significant point about such changes
15 that they represent a valuable entry point for CIM
for two reasons. First, they can generate significant
savings for a relatively low investment. And second,
because the natnre and direction of change — new
layouts, new pattems of work organization, new
organization structures, etc. — are precscly those
which are nceded to support more advanced and
capital intcnsive applications of CIM. There is thus
no conflict between CIM or changes in production
methods but rather a complementanty. So the
emcrging modcl should be scen not simply as the
extension of technical integration but rather as the
convergence of two streams — new [T based
cquipment and systems and new approaches like
just-in-ime and total quality management. Rather
than simply computer-integrated manufacturing, we
should perhaps be talking about total integrated
manufactunng.

1.10 Is CIM relevant to developing
countries?

Until now we have scen the enormous potential for
CIM as a mechanism for improving manufacturing
performance along a number of competitivencss
dimensions. We have also scen the significant barnicers
which militate against its effective implementation,
including high capital costs, softwarc development
problems, lack of standardization, immatunty of the
supply side and a lack of key shills. Al shis would
appear to argue strongly that CIM is an inappropnate
technological choice for developing countnies.

There are at lcast two reasons for questioning this
viewpoint. First, there is the issue of the changing
naturc of the compctitive cnvironment, with its
increasing cmphasis on non-price factors suck as
design, quality and dehivery responsiveness, in addition
to continuing cmphasis on pricc competitiveness.
This means that incrcasingly expor: markets will only
be accessible to those fums able to develop and
maintain a competitive edge based on this broad range
of factors, rather thap narrowly on price advantages.
Strategics  which have in the past relied upon
advantageous factor endowments such as low labour
or matenals costs, may be less viable in the future.

Pressure 15 also hkely to be cxerted through
transnational corporations as key actors to extend the
basts of competitiveness into non-prce arcas.  For the
same reason, domestic markets are likely to be
subjected to increasing penetration from  external
competitors offering not only price but also non-pnice
advantages, which may have the cffect of eroding
indigenous industnial capability if it is not able to
adapt 10 the new rules of the competitive game.
Because CIM offers advantages both in price (as a
result of cost reductions due to direet automation and
espeaially through automation of indirect, overhead
activitics) and in non-price arcas (such as design and
quality), it is likely to prove an extremely potent
weapon in the competitiveness battles of the 1990s
and beyond. For this reason, a passive strategy based
on laving CIM to a handful of advanced
industnialized nations seems very nisky-

The second important reason for questioning the
apparent irrelevance of CIM to developing countnes
lies in the nature of the technology itself. CIM is not,
as this article has tned to demonstrate, simply one
more ncatly packaged box of technology to be bought
off-the-shelf by those best able to afford it. It is,
instead, an approach, 2 strategic framcwork involving
a vanety of components of hardware, software and
organization. Its successful implementation requires
considerable organizational leaming and development,
including a significant proportion of what might be
called “un-leaming.” Kk cannot (if we arc to judge
from early experiences) be implemented in a “big
bang” fashion but instcad requires a systcmatic,
step-by-stcp  development, towards a long-term
sirategic goal. This process of incremental innovation
towards full CIM offers considerable opportunity for
organizational lcaming and development.

CIM is fundamentally a strategy, a philosophy for
improvement rather than a picce of equipment, and it
provides a coherent framework for the development of
any manufactuning enterprisc.  The first step —
organizational  change, product and  process
simplification and redesign  —  essentially involves
challenging thc cxisting pattems and modcls of
manufacturing  organization and  management.
Without such a starting pomt. ecven the most
cxpensive  investments  in advanced  information
technology run the risk of simply making things worse
by “computcerizing chaos.”

The preseniption 1n outline is simple. It involves
taking a strategic view of the total business and
deciding what is to made for which markets and how
products arc going to compete in those markets.
From this, a strategy for manufactunng can be
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developed which asks how these competitive critena
can best be supported. and from this develops a
step-by-step programme  of  technological  and
organizational change towards this goal. Much benefit
can emerge from the carly stages of this process where
the custing pattern of manufactuning is compared with
what ought to be there to suppert the strategy; it is
essentially a rethinking and a challenging process.

The bencfits of taking this first step can often be
significant.  For cxample, in one plant, part of the
United Kingdom-owned l.ucas group producing fuel
mnjection equipment for diesel engines, 1984 saw a
major cnisis of competitiveness, with a falling market
share, poor quality and reliability. declining customer
relations, etc. As 2 result of analysis of this, a major
stratcgic  change programme was cmbarked upon
which involved extensive organizational development
but relatively hittle investment — only £1.5 million
over four years.

Esscntially, this  programme  involved  the
reorganization  of the plant  into  scparate
manufacturing cclls.  Production was simplified by
creating three mini-factories, each focused on a small
coherent family of products. At the same time, the
management hicrarchy voas reduced from seven layers
to three. On the employce side. jobs were
transformed from those requiring “human robots™ to
those nceding problem solvers with flexsbility within
and across ccells. The necessary skills development was
backed up by training and by placing stress on
common ownership of manufacturing problems.

The culture moved from a traditional cnsis
management factory, oriented to output, to one which
stressed continuous improvement.  The results include
massive cuts in lead times (200%), improvements in
dclivery reliability, increased inventory tumover (from
22 to M times and nsing), higher quality (up by
12-15%), savings in spacc through better layout and a
productivity improvement of about 50%. Perhaps the
most significant  achievement here has been  that
almost all this benefit came without extensive capital
investment  but with systematic challenge to the
existing  organization  and  management  of
production. 13

Cartaya and Medinalé report on another case in
Venezuela where a systematic challenge to existing
ways of operating a shoc factory helped bring about
radical improvements in  productivity, quality and
flexibility.  Posthuma reports on work in the Brazilian
automobile industry which indicates that significant
improvements could be obtained cven at the carly
stages of implementing a total quality programme,

through the use of simple statistical process control
techniques. 17

Recent reports from the Inierational Motor Vehicle
Programme companing performance of car assembly
plants along key dimensions, such as productivity,
quality, flexibility etc., conclude that a new model for
manufacturing is emerging, which they term “lean
manufacturing,” not least because it seems to involve
production through less — less labour, less matenal,
less quality problems, less time taken in design and
manufacture, etc. The key to successful “lean
manufactunng” plants (of which one of the best
performers is in Mexico) lies in a new approach to
production organization and management, moving the
car industry beyond the models onginally developed
by Ford and Sloan in the early days of the industry. 18

In cach of these cascs the process of rethinking and
challenging has highlighted areas in which change is
needed and considerable benefits have flowed from
relatively small and simple first steps.

Of course, long-term competitiveness will depend on
more than organizational changes and product; process
redesign. But without this initial stage, no
orzanization can expect to make full and cffective use
of the opportunities opened up by technologies under
the CIM umbrella. It is a total system change to a
new pattern of best practice.  (Significantly, in the
Intcmational Motor Vehicle Programme study
mentioned earlier, the contribution of advanced
automation technology to improved performance was
relatively small; the key changes came through
adoption of altermative organizational modcls and
practices associated with “lean manufactunng.”) It is
the adoption of continuous improvement values, the
involvement and participation of the workforce, the
changed customer orientation, the  responsive
organizational structure plus advanced manufacturing
tcchnology which holds the promise for the future in
manufacturing.

There is no short cut to successful CIM, but rather a
step-by-step leaming strategy, and this applies to
industrialized and developing countries alike.

.11 Implementing CIM

With this broader definition of CIM which includes
changes in organization and methods as well as
production cquipment, we can now tum to the
question of implementation. Central to this issue is
the need for a clear strategic framework which sets out
the long-term goals of the company and within which
step-by-step progress can be made.  Implementing
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new technology is not a manufacturing version of a
shopping expedition in which the main problems are
which shops to go to. what products to buy and how
to payv for them. Rather. it is a process with a long
timescale and many dimensions.

We nced to sce manufacturing innovation as a
long-term  problem-solving process and to explore
approaches to its cffective management. Much of the
running in effective manufacturing management in
recent ycars has been made in Japen and 1t is not
coincidental that the two themes -~ creative
problem-solving and continuous improvement — are
dominant features of their approach.

Problem solving is usually represented as a sequential
process which begins with recognition, an awareness
that a problem cxists. This needs to be refined and
defined‘redefined to clanfy and focus on the core
problem. Without careful attention to the problem
definition stage, it is easy tc engage in solving the
wrong problem, or in trying to deal wi'n a symptom
rather than a cause. Expernicnce shows that this
iterative process of arriving at the problem definition 1s
best camed out with a vanety of information and
experience mnputs.

In the case of new manufacturing technology, there 1s
no shortage of problems to- which the technology
could be addressed.  But without a careful, systematic
and strategic analysis/audit of the particular issucs
involved, it is quite likely that thec wrong problem will
be treated. For cxample, a typical justification for
installing a computer-aided production management
system 1s to try and reduce inventories and improve
delivery performance. However, the root cause of
these problems is often related not to the need for a
faster and more powerful information system to keep
track of things more cfficicntly but to the presence of
an overly complex system already in place, trying to
keep control of a manufacturing process which has,
over time, evolved mnto something which no one fully

understands.  The real need here s not for more
technology — that would only have the cffect of
“computerizing chaos” — but rather for a

simplification of the cxisting arrangement.  Once this
has been done, the next stage might require
investment in a computer system, but it might also be
amcnable to other solutions.

In defining the problem, it s also important to take
into account the different picces of information which
might help in amving at a complete and uscful
statement of the problem to be solved. This may well
involve various people with their own particular mix
of perspective, experience and  knowledge.  For

example. in developing a technology strategy. 1t may
be very usefal to bnng in operators and supervisors
from the shop floor who have a day-to-day exposure
to the particular key issues which prevent the firm
from achicving its competitivencess goals of flexbility,
responsivencss, ctc.

Once the problem has been defined, the next stage is
to explore the range of potential solutions to this
problem. This is again an activity which benefits from
having a number of different perspectives and, once
again, it is an iterative process. Exploring the possible
solutions may lead to .urther redefimtion of the
problem.  Evidence also suggests strongly that the
quality of the final solution is improved by spending
time here generating a range of alternative options
rather than choosing the first and most obvious
answer. It may not ¢ — and often is not — the best.

This highlights a typical behaviour pattem in adopting
new technology. Because of the  widespread
availability of powerful technology and the perception
of major problems facing the firm, the tendency is to
look for “plug-in” solutions — the quick technological
“fix.”  So, for example, firms requinng greater
flexibility will often decide to try and buy a flexible
manufactunng system which, to judge from the label,
represents the obvious solution.  In doing so. they
jump straight from a dcfinition of the problem 10 a
solution without adequately expionng alternatives. By
contrast, many firms have now discovercd that
organizational change routes — such as the use of
just-in-time systems — can also solve their problems
of flexibility. Rather than buying flexibility, they have
explored ways of becoming  flexible  systems
themsclves.  Such alternatives are often cheaper and
morc compatible with the organization but finding
them requires considerably more in the way of
exploration of the options available to solve the
problem.

Once a range of potential solutions have been
explored, the next step is to sclect a particular option.
As we have already scen, making such choices is often
a highly uncertain process, particularly in a sclection
cnvironment where there is limited information or
experience and where there is strong sales pressure
from suppliers. Here again the contribntion of a range
of experience and information is of value, parti-ularly
in cnsuring that the selected solution is one which will
be appropriate to the broader context in vehich it will
have to work, as well as in solving the problem to
which it specifically relates.

Finally comes the whole problem of actually
implementing that solution, of introducing it into the
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organization to deal with the problem ongnally
identified at the start of the process. It 1s here that
one important payofl from nvolving a wide range of
staff in the earlier stages emerges: the more they have
participated in the problem-solving process. the more
they will feel a sense of “ownership™ of the solution
and a comrutment to making it work.

Perhaps the key lesson for the management of
technology here is to treat innovation as a systematic
problem solving process and to ensurc that sufficient
attention 1s paid to cach stage and to avoid jumps and
short-cuts in a misguided attempt to speed up the
process. In the latter case, the result 1s likely to be a
lower quality solution.

1.12 The need for a strategic approach

Moving to CIM s, above all, a strategic activity.
Entering this technological field is not simply a matter
of a short-term investment i one or two discrete
items of equipment but rather a long-tenn philosophy
involving technologicat and organizational
components which need to be carefully linked to
provide support for the overall business.  Successful
CIM implementation is a matter of step-by-step
progression within a long-term framework, with each
stage being cvaluated and cost-justified, and with
post-investment auditing to cnsure that the strategic
objectives have been met.

Too often, CIM components like I'MS are installed
with little idca of the strategic objectives or of critena
to assess their coninibution to mceeting these.  Where
cnteria exist, they are often defined in a narrow
technical or financial sense rather than taking in the
wider context of the organization’s business
environment and nceds. For example. the success of
an FMS might be judged against its cost, its payback
and its contnbution to cost reduction and output
maximization within a small part of production, rather
than by increases made to overall organizational
responsivencss and aglity in  a competitive
marketplace.

To be effective, a CIM stratcgy must begin with a
thorough analysis of the business needs and a clear
plan  which identifies the basis on  which
competitiveness will rest in the long and short term.
From this, the kcy order-winning critena —~ flexibility,
agility, quality etc. — can be denived. 19

The next stage requires a review of  existing
manufacturing opcrations, in terms of their local
strengths and weaknesses and the way in which they
fit into this broad strategic framework. Simultancous

with this is the requirement for a thorough exploration
of opportunities opened up not only by new
manufactunng technologies — such as MS - but
also by new or improved approaches to manufactunng
methods and organization. such as just-in-time. From
this analvsis, 1t becomes possible to develop a
coherent and appropriatc manufactuning strategy for
the firm., which will provide the underpinning for
meeting the key cntena in the business strategy.

Within the framework of this manufactunng strategy a
long-term CI.7 plan can be developed which identities
the architecture (the layout of different components),
the communications between those elements (and the
level of sophistication required in such networks), the
hardware and software requirements and  the
underiving organizational  infrastructure  (including
suitable skills. functional support and decision-making
arrangements) which will be required.  Such a plan
will also identify the prionty arcas and the overall
sequence for implementation.

One major requirement in this process is  the
implementation  of a  parallel  organizational
development strategy to cnsure that the necessary
degrec of organizational integration 1s available to
underpin these technical changes. Finally, the strategy
can be implemented on a project-by-project basis,
moving from “islands of automation” to full
computer-integrated manufacturing. The advantage of
this approach is that it permits the lower cost and nsk
features of an incremental philosophy to be retained
but moves the fim forwards within an integrated
framework.

“This approach provides a rationalc for making choices
and avoids the risk of expensive and inapproprate
systems being installed. The process can be
summarnized in the following five-stage cucckhist:

1. Identify business goals and strategics
* What business are we in and why ?
* Where are we going to be in five years time ?

e How arc we to get there (diversify, acquire,
cte) ?

2. Identify relevant product strategies
* Which markets or scgements are we aiming
for?
* What will determine the competitiveness of
our products ?

* How far do costs have to fall, quality to rise,
etc. ?
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» What will customers be looking for n five
years” tume ?

e What volumes and changes do we expect ?

« What should be the level of customization vs
standardization ?

o What arc external trends in competitors’
products, technologies, etc. ?

3. Define manufactuning strategies

+ What do we need to do to make products
with the pnce non-price factors identified
above ?

» What implications does this have for :
¢ Processes in use
¢ Plant and facilitics
¢ Human resources
s Work organization
5 Control and information system
2 Supplicrs
o ktc.
4. Define integrated operating strategics

o What strategics do cach of the key functions
— marketing. design., manufacturing ctc. —
need to perform in support of the above ?

Figure 8

« How can these be integrated so that they
support cach other?

W

. Define systems and automation strategies

What systems are available which can contnbute
to these targets?

« Sclection of technology (broadly defined) to
meet  the clearly identified needs -
automation ? Just-in-time ? Reorganization ?

« Build up to CIM on a multi-level basis,
especially with regard to the information
system within and between these levels which
will act as the nervous system of the
organization as a whole.

113 A step-by-step approach to
implementation

Following such a strategic analysis, the next task is to
begin actual implementation.  Here the key lesson is
that projects of this scale succeed where there 1s some
form of phased implementation — a step-by-step
strategy. Components of this include the use of pilot
projects and simulation and a recognition of the value
of the learning process so that time O assimilate and
build on such learring is allowcd in the overall project
plan. A key benefit of this approach is that it avoids
the “big bang” risks of high cost and complexty, as
indicated in figure 8.

Step-by-step strategy for CIM

Costs and risks

Computer-
integrated
manufacturing
and beyond

Inter-function
automatinn,
e. g. CAD/CAM

Simplify and integrate

Integrated automation,
e. g. FMS

Simple programmable automation

Clor seteic foundaton
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The same step-by-step philosophy can also be applied
to the introduction of just-in-time tota quahty
programmes; for example. Schonberger saggests a
17-step process moving from simplification and the
tocus on the customer to more advanced applic2tions.
0

.14 Summary

It i1s becomang increasingly ciear that there is no
umiversal definition of CIM but, rather, that it involves
a broad range of activities associated with the
cvolution  of more  cfficient  and  cffective
manufactunng. Cenamly, it makes extensive use of
automation technologies, especially in their more
integrated forms (such as CAD/CAM or FMS), but it
also involves extensive change in traditional
approaches 1o structures, functions and culture within
manufactuning organizations. It is also characterized
by a gradual convergence of both these streams
towards a highly integrated facility which opens up
vonsiderable potential for new and more effective ways
of manufacturing.

‘There 1s as yet no fully-developed CIM facility in the
world. although there are a vanety of experiments and
successful  applications  of integrated installations
moving towards full CIM. Moving to CIM involves
long time scales and reyuires a strategic approach to
sclection and implementation, which not only fits the
long-term business plan but also allows for the
considerable  organizational  leaming  nceded
successfully 10 ~similate and cxploit such technical
and organizational changes. CIM is emphatically not
a “plug-in” solution or a quick but expensive

technological “fix,” and the experience of firms which
have approached it in this manner has generally been
disappointing.

Evidence from early users stresses the importance of
organizational changes in achseving the full potential
offered by CIM. In many cases, successful users of
CIM report that the majonty of the benefits —
sometimes as much as 70% or 80% — came from
organizational changes rather than from the expensive
new systems which they had purchased. Experience of
this kind suggests that there is much to be gained by
adopting a stcp-by-step strategy. Beginming with
changes to organization and management and
gradually moving into more advanced applications of
integrated automation is the most effective. Such a
“simplify, automate, computer-integrate” strategy has
particular attractions for manufacturers in developing
countrics since it is not a capital-intensive approach,
but stresses instead investment in and development of
human resources.

It can be argued that there is a transition in progress
from capital-intensive manufacturing to knowledge-
intensive manufacturing, where the key resources are
the knowledge, skills and experience which a firm
possesses and its ability to mobilize the creativity of its
staff to enable it to function as a highly adaptive,
lcamning organization. (For example, in recent years,
the level of investment in R and D in Swedish
engincering firms has been much higher than the level
of capital investment.) The key to cffective
cxploitation of the opportunities offcred by
computer-integrated manufacturing is to ensure that it
i1s located within such an adaptive and flexible
organizational environment.
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OVERVIEW OF PAPERS PRESENTED AT THE SEMINAR ON COMPUTER-INTEGRATED
MANUFACTURING

address to the Scminar on
Computer-Integrated . Manufactuning, Theodore
Malloch, the Scnior Advisor to the Exccutive
Secretary of LCE. highlighted the new challenges
facing the manufactunng industry. pointing out that
recent years had seen a new rallying call, of “automate
or evaporate!” Fimms were increasingly recognuzing
the neced to take a more strategic approach to
manufacturing and to cmnloy the powerful
technologics avalable within the CIM framework to
reduce lead times, mmprove quality, enhance
equipment utilization. reduce inventones and provide
a much higher level of flexibility, responsiveness and
service to customers.

In his opening

Reviewing the experience 30 far and setting the agenda
ior the Seminar. he suggested that discussion could
usefully focus on a number of key questions including:

* What is meant by CIM?
* Where is the technologi<al frontier?

¢ What have been the achievements in industry in
moving towards CIM?

* What are the pnncipal obstacles?

¢ How can industry prepare itself for CIM?

These themes were cxplored throughout the Seminar
in presentations and discussion, and the papers which
follow represent a sample of this. Part onc provides
two useful overviews of trends and expenience in CIM
in both the industnalized and the developing world,
and stresses some of the key challenges and
opportunitics which this new  manufactunng
cnvironment offers.  In both these papers, and in the
discussion at the Seminar, the discontinuous nature of
the changes involved in CIM emerges clearly. Not
only is the physical technology opening up cxciting
new opportunitics by virtue of the integration of
previously scparate functions in the manufactunng
business, but at the same time there is a dramatic
challenge to traditional roles and structurcs within
manufactuning organizations.  In  particular, the
importance of developing human resources to provide
the necessary flexibility and creativity to operate
“knowledge-intensive™ CIM factones was stressed.

For both developing and industnialized countries alike,
the challenge to move to a different approach to

manufacturing 15 clear. The cmphasis on
organizational change and development of human
resources as a  prerequisite for  successful  CIM
programmes cffectively  changes the nature of the
barniers to entry. since the requirement is not solely
for capital investment but also for managenal and
organizational development. l.eaming to use physical
and human resources in new ways will become as
important a competitive resource as possessing  the
latest state-of-the-art technology.

The paper by M.E. Merchant provides a clear picture
of the long-term cvolution o CIM and its gradual
convergence from early developments in the 1960s. In
particular, he highlights the emerging need to take a
system view of the whole organization, moving
attention from narrow considerations of the cfficiency
of particular operations or machines and towards the
overall effectiveness of the business as a whole. As he
comments, CIM *“._demanrds a wholly ncw approach
to the operation of manufacturing.” He sces the
future as involving two key trends — the development
and implementation of new and integrated
technological approaches and the parallel development
and implementation of new managenal approaches,
*...both of which are essential to amval at the new
and highly beneficial way of operating which
constitutes CIM." He goes on to explore these two
strands, looking particularly at artificial intelligence
and simultaneous cngineering on the icchnical side
and at education and training, organizational
structures and the need for new financial management
tools on the organizational side.

This theme, of simultancous technical and
organizational development is echoed in the paper by
I.. Pineda-Serna and D. Chudnovsky, which focuses
on the opportunitics which CIM may hold for
developing countriecs. He descnbes a  proposed
UNIDO project which would provide support in
terms of training and advice to cnterprises aimed at
11king a strategic approach to CIM, gradually moving
from organizational changes and product process
redesign via a  step-by-step automation  strategy
towards full intcgration.

Part two provides a closer look at the experience of
CIM diffusion and particularly the cxpericnce with
component technologics  such  as  flexible
manufactunng systems (FMS).  This includes reports
from a major intcmational comparative rescarch
programme being co-ordinated by the Intemational
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Institute for Applied Systems Analysis (IIASA), which
now provides a valuable database of experience in a
vaniety of countries. These studies address themselves
to questions of costs, benefits, problems and wider
implications of CIM. Points raised in these papers are
echoed in those covenng cxpenences (including
successes and failures) in the United States, Japan
Westemn Europe and the USSR.

The first paper in part two, by the late loun Tchijov,
brings out some of the rich data resource which he
carefully husbanded in the IIASA database of flexible
manufactunng systems. This collection of detailed
information on over 300 flexible manufacturing
systems worldwide provides us with a clear indication
of some of the important diffusion characteristics
associated with a key CIM component. His paper
underlines the multivanate nature of the dnving forces
behind CIM, stressing that these are not confined to
cost reduction but also include increasing emphasis on
vaniety, product quality and overall delivery
responsiveness. The data also suggests that there is
increasing choice opening up for potential users, with
different system types becoming available to suit
various batch size and other market-related
requirements.  Across this spectrum of applications,
the experiecnce of benefits is impressive, with
considerable improvements in performance on key
competitive criteria such as set-up time reduction (and
hence the ability to handle smaller and more varied
batches), inventory saving and lead-time reduction
(making possible shorter delivery times to customers).

These themes are elaborated further in the paper by
Ranta and Tchijov, which discusses costs and benefits
and highlights in particular the emerging split into two
different system types, onc of which is a small-scale
“compact” system suited to smaller company
application. Early evidence suggests that this is often
the most cost-effective configuration of CIM.

International differences are, however, evident, with
some fums and countries able to exploit such
technology to much greater advantage than others.
This brings in the important question of context —
that simply buying FFMS or other clements of CIM
technology is only a part of the story. As Maly points
out in his paper, the strategic drivers and the
organizational context in which FMS is introduced
vanies widely — for cxample, in his companson
between Finland and Czechoslovakia.  He highlights
the differcnces in  the strategic  justification  for
investments, with greater emphasis on flexibility on
Finland, and the options which cxist between what
might be termed “techno-centnc” systems which rely
heavily on hardware and software to dcliver their

fliexbility and “anthropocentnc™ systems which build
upon the mnherent flexibility of human operators as a
key interface between diffesent system components.

Baranson extends this discussion by looking at
Japanese, Luropean (especially in the  Federal
Republic of Germany) and East Furopean experience
and contextual arrangements and suggests that these
go a long way towards explaining relative differences
in performance of CIM. This point is given further
support in the paper by Glazev, which provides
detatled data on experience in the USSR and suggests
that, despite  widespread  availabality of CIM
technology from the supply side (as a result of the
operation of a “command economy™), much of this
equipment is poorly utiized as a consequence of
inappropnate orgamzational and inter-organizational
arrangements.  He suggests that there 1s an urgent
need for attention to be paid to this component.

Micskonen discusses the case of smaller market
cconomics, using the example of FMS experience in
Finland and drawing out lessons for other, similar
economics such as Sweden, Austna  and
Czechoslovakia.  Significantly in his discussion of
factors promoting and hindenng successful change, he
highlights the value of ecarlier experience with
NC-technology — essentially underlining the value of
a step-by-step progress. He argues for the usc of FMS
as a tool to cnable fums in such economics to be
more flexible and responsive at a strategic level — but
also wams about the necessity of changing the whole
system in order to obtain these benefits.  As he puts it,
“don’t buy a sports car if you arc afraid of dnving ai
high speed!”

A key theme in all these papers 1s the growing
awareness of the need for major structural changes in
institutional frameworks within and beyond the firm if
the full potential of CIM is to be unlocked
successfully. This question is specifically addressed in
part three, which focuses on organizational and
managenal aspects of implementing CIM.  Here the
striking message, in papers covering expericnce in
Japan, the United Kingdom and an overview of work
in the factory of the future, is that the same points
emerge. This lends considerable support to the view
that our old modcls of factory organization and
management, bascd upon the prnciples of Fredenck
Taylor and Henry Ford, arc becoming increasingly
inappropnate and that new models are needed in the
cra of CIM. Whilst it is not yet clear what the
blucprint for the new factory organization of the
future will be, it is likely to involve a much greater
emphasis  on  tcamwork, on  decentralization  and
networking, on  minimizing  hicrarchy and  on
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devcloping  flexible human  resources within  a
problem-solving and keaming ulture.

The paper by Yamashina and colleagues docs much to
dispel the myth that Japanese success is duc to high
levels of diffusion of very advanced computer-based
equipment. Although CIM is recognized as an
mmportant  long-term  target, most  Japancse
manufacturers are concerned with integration rather
than computer-integration. stressing that much can be
achieved through organizational changes and through
step-by-s* :p improvements using relatively simple and
proved automation technology.

Paul Simmonds takes this theme further, suggesting
that the kinds of organizational change now being
required provide a very different design bluepnint to
that which operated in older manufactuning times. His
discussion of the key parameters of change — flatter
hicrarchies, closer functionai integration, multi-sk:lling,
network relations between firms, etc. — are all themes
which also come through m Karl-Heinz Ebel’s paper,
which focuses on the central importance of new skills
in the factory of the future — and the need for radical
changes to traiming and development systems to
provide the lubncant for moving to a2 new model of
manufacturing.

Part four explores some of the more technical issues
and focuses on expenience at the integration frontier,
as firms try to integrate components of CIM into a
broader framework. Once again, the issue of a
long-term strategic framework within which smaller
step-by-step increments can be located is very much in
evidence. Martensson, for example, provides a road
map for such changes and describes work in Sweden
based on using artifical intelligence principles to assist
in the key task of software integration within and
between elements in a2  manufacturing  system.
Tomancok gives a practical view based upon
experience in the Sicmens AG plant in Vienna, where
the model used was essentially a modular, step-by-step
development process, rising from the development of
individual cells through a hicrarchy of integration.

Kovacs reports on Hunganan expenience with two
pilot plants proving out some of the integration issues
involved in CAD and CAM. Both these plants were
designed with a modular, step-by-step philosophy,
using nctwork principles to provide the later and
higher level links in the integration hierarchy. Belitz
and Weber concentrate on software strategy, which is
perhaps the key cumrent problem in the technical
development of CIM. Their analysis suggests again a
total system built up in modular fashion, and t also
introduces the important questions of standards to

faalitate networking and system building, and the
need for co-operative development between users and
suppliers of software.

The paper by Dato in part five covers the important
question of standands — the need for some form of
clectronic “highway code™ to regulate the increasingly
complex and confused amount of clectronic traffic
which will be running around the factory automation
networks of the future.

A number of themes emerged repeatedly throughout
the Sermunar. First, that there is no clear definition of
CIM but that 1t does represent much more than a
single narrow technology. It 1s more of a concept or
philosophy, providing a blucpnnt for the cmerging
factory of the future. Related to this is the clear
message that CIM has yet to amve at its fully
developed form, although there are a number of
advanced experiments in vanous countrics moving
towards this goal. The road to CIM is still blocked by
a senics of obstackes, including technical problems
(especially in software). the need for standards and the
need for a major rethinking of managenal and
organizational systems within which to exploit CIM
technology.

The second key point is that the very high cost of
CIM cequipment, coupled with the scale of these
problems, mecans that any firm wishing to cnter the
field must view CIM as a long-term strategic excrcise,
which involves setting up a broad framework and then
moving towards the CIM goal in a scnics of planncd
integrative increments — a step-by-step approach.
Attempts to make the move by some form of
“quantum leap” have almost all cnded as costly
fatlures or as cases where cxpensive and powerful
technology is performing sub-optimally.

From this, some valuable guidchines for industncs
wishing to move into CIM can be denived. In
particular, preparation for the introduction of CIM
requires:

e Rcappraisal and reorganization of production,
planning and managenal systems

* Investment in the development of human capital,
1o provide the necessary flexibility and to establish
a continuous leaming and improvement culture.
Training should be scen as a strategic investment,
not a cost

¢ Design of new work and carcer structures which
will ensure involvement and commitment of
cmployces to the strategic goals of the cnterpnse.
Again, this requires a shift in perspective, from
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viewing people as a necessary cost to sceing them
as a key resource

Extension of this process of change towards more
integrated modes of organization and opcration to
areas beyond the enterprise, in the supply and
distribution chains, in contact with customers, etc.

Development of financial appraisal systems for
investment justification which take a strategic view
of new technology and consider its contnbution to
overall effectivencss of the business rather than

concentrating too narrowly on improvements in
efficiency of particular equipment or functions

Adoption of a long-term strategic perspective
which identifies clear business goals and a
manufactuning  strategy to  support  their
achicvement. Such a manufacturing strategy will
involve components of organizational and
technological change and should provide the
framework for a phased, step-by-step process of
development of CIM.



PART ONE

GENERAL TRENDS IN THE DEVELOPMENT

AND IMPLEMENTATION OF CIM
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CIM —ITS EVOLUTION, PRECEPTS, CONCEPTS, STATUS AND TRENDS

by M.E. MERCHANT, Advanced Manufacturing Research, Metcut Research Associates
Inc., Cincinnati, Ohio, United States

INTRODUCTION

Computcr-intcgrated manufacturing (CIM) is not an
improved mcthodology for camrying out conventional
manufacturing. Instead, in its ultimate state of the art,
it is a wholly new approach to the operation of
manufactunng in its cntircty. To appreciate this fact it
is nocessary to understand the nature of its evolution.
The cvolution of CIM to its cument state of
recognition, acceptance and application, incomplete as
it is, has ncvertheless already been a  protracted
endeavour. The cvolution can be said to have had its
beginnings in the advent of the computer-related
technology of the numenical control of machine tools
in the 1950s. That proved to be a watershed event,
and for several reasons. First, it gave bith to
capability for flexible, programmable automation of
manufactunng. Lven more importantly, however, it
began the slow process of opening our cyes 1o the
tremendous overall potential inherent in  computer
technology to make manufacturing far more capable
and productive than had cven been dreamed possible.
Finally, and most importantly, it provided a means for
beginning  to  incorporate  intelligence into
manufacturing, initiating the process of freeing
manufacturing from being wholly dependent on an
cxtermal presence, namcely, the human being, for its
successful operation — a trend now beginning to bear
rcal fruit today.

As a consequence  of this imitial impact  of
computer-related  technology on maaufacturing, the
decade of the 1960y saw the development of an
entirely new concept and understanding of the nature
of manufacturing and its technology.  That concept
and understanding derived from  the fact, which

became increasingly evident during the 1950s and
1960s, that the digital computer is, mnately, a systems
tool. As such, when the computer began to be
applied in actuality, manufacturing is not just a
collection of various types of activities and processes
but is instead a system — a system for creating
discrete products uscful to man. ! The concept and
understanding of the nature of manufactuning which
resulted from this awakening can be expressed in the
form of three precepts, namely:

1. Manufacturing is a system, the input to which is
the conceptual modeling of a product and the
output of which is a successfully perforining
product, and it should thus be operated as such a
system.

(2]

. The prime objective which must be satisficd in the
opecration of that system is that output be
maximized relative to input.

3. The prime condition which must be satisfied if
tha: objective is to be accomplished in full is that
all the elements of that system be integrated.

Now the world of manufacturing was confronted with
a new concept and understanding of manufacturing —
namcly that manufacturing is a system — and also
with thc dawning rcalization that the computer, as a
systems tool, hcld the potential to operate
manufactuning as an integrated, flexibly-automated,
scif-optimuzing system. It was the combination of
these two clements which led, dunng the 1960s, to the
cmergence of the concept of computer-integrated
manufacturing (CIM), and the computer-integrated
manufactuning system. 2. ¥ The concept which
~mcrged at that time is illustrated in Figure |.
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Figure 1.

Concept of the computer-integrated manufacturing system, 1969.
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Although the wealth of technological concepts and
possibiiitics — thosc of programmable automation of
manufactunng, the systems approach to
manufacturing, computcr-integrated  manufactunng,
the CIM system, and the intelligent manufacturing
system — which came into being in the decade of the
1950s and 1960s — had tremendous implications for
mtelligent manufacturing, these implications were far
from being grasped immediately by the world's
manufacturing industry, by the grcat majority of
manufacturing cngincers, and cven by some
manufacturing rescarchers.  Thus the predominant
trend during the decade of the 1970s was one of slowly
dawning recognition, evaluation, and clanfication of
these concepts  and  possibilitics and  of  their
cxtraordinary  potential  for  improvement  of
manufacturing productivity, quality, timeliness, and
cost-cffectivencss. Thercfore, only those companies
and manufactuning cngincers who were technological
leaders accomplished much in the way of significant
application of the CIM-related technologies in practice
during the 1970s.

The decade of the 1980s has, however, begun to sce
the recognition by the manufacturing industry of two
essential facts conceming CIM, namely, the fact that st
demands a wholly new approach to the operation of
manufacturing, and the fact that it offers cnormous
potential to improve manufacturing capability and

cost-effectiveness. This realization, which is the
cssence of the status of CIM today, is resulting in a
major, two-pronged, world trend. That trend s
toward rcalistic and substantial accomplishment, in
industry, of full computer integration of the system of
manufacturing. The first of its two prongs is dedicated
to devclopment and implementation of new and
integrated technological approaches to products and
processes and the sccond to  development and
implementation of new managerial approaches to the
operation of manufacturing cnterprises, both of which
are essential to amival at the new and highly bencficial
way of operating manufactuning which constitutes
CIM. This overall two-pronged trend is marked by
important corollary trends which fall into two main
categories, cormresponding to the nature of its two
prongs, namely, technological and managerial. 1.et us,
thercfore, now cexplore the promisc and status of the
corollary trends that lic in these two main categonies.

TECHNOLOGICAL TRENDS

Although there appears to be a welter of technologcal
trends at work  in the  development  and
implementation of CIM, my obscrvation of the
international scenc has led me to the conclusion that
two developing trends stand out from others with
respect 1o their importance for the future of CIM.
The first of these, in my opinion, is the developing
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trend toward accomplishment of powerful capability
for so-alled  “simultaneous  engineeringm -
sumultancous cngincering of the conception and design
of a product and of the planning and execution of its
manufacturing production and servicing. This
developing activity goes by many different names,
such as concurrent enginecring, life-cycle engincering,
design fusion, integrated and co-operative design,
design for manufacture, etc.  The second important
devcloping trend, in my opinion, is that toward the
cvolution of arificial intclligence (Al) in  the
manufacturing system. This has such technological
facets as expert systems, “smart sensors” and neural
networks.

Simultaneous Engineering

There are at least two highly potent main driving
forces toward accomplishment of powerful capability
for simultancous engincening, namely, reduced product
costs and increascd industnal competitivencss.
Regarding costs, it has been demonstrated many times
that over 70 per cent of the cost of the manufacturing
production of a product is fixed when its design is
completed and “frozen.”

Full capability for simultancous engineering will make
possible the reduction of that cost of manufactuning
production to an absolutc minimum by accomplishing
the design of such production before the design of the
product 1s completed and frozen. Of course. it will
also effect other cost savings, such as the climination
of design changes conventionally found necessary for
practical manufacture and servicing of the product.
Regarding industrial competitivencss, the tremendous
shortening of the lead time between conceptual design
of a product and its commercial production,
potentially possible through accomplishment of full
capability for simultancous cngincenng, promiscs
major increascs in industrial compctitivencss for the
world market for manufactured goods.

Full capability for simultancous engineering 15 stll a
long way from being accomplished duc to
technological hurdles which must still be surmounted.
However, much progress toward it has already been
made using today’s statc-of-the-art CIM technology.
As an example, Fanuc 1.td., of Japan, has made its
Froduct Development Laboratory the instrument for
accomplishing its simultancous cngincering of all its
new products, utilizirg  such  statc-of-the-ant
technology.  Taking the conccptual design of its new
products from its Basic Rescarch Laboratory, the
Product Devclopment laboratory is able, by use of
current capability for simultaneous engineering, to

launch the commercial production of that product
within a period of six months to one year.

Artificial Intelligence

As was so aptly set forth by our former CIRP
colleague, the late Jzef Hatvan, ¢ the major potential
of artificial intelligence for the manufactunng system,
still very far from being realized, is that of capability to
ovcrcome the problems created by the fact that that
system is not, and can never be, a totally deterministic
system. He made clear the fact that Al has the
potential, when developed far beyond its present state
of the art, to transform the non-dectermmunistic system
of manufacturing into an mtelligent manufactuning
system which is “capable of solving, within certain
limits, unprecedented, unforeseen problems on the
bas:s even of incomplete and imprecise information™
~ information charactenistic of a non-deterministic
system.

Closer at hand in the ficld of Al arc the problems
which must be dealt with in the development of the
scicnce and technology necessary for reaping the full
benefits of utilization of expert systems, smart sensors
and ncural networks in the manufactuning system.
Such developments are necessary steps toward
rcalization of the intelligent manufacturing system
cnvisioned by Hatvany. Research such as that being
done by lu 3 and his associates wn the
Knowledge-Based Fngineering Systems Research
Laboratory at the University of Hhinois, and Ayres ¢
and his associates in the Department of Engincening
and Public Policy in Camegic-Mellon University,
provides examples of pioneening work in this field.

Lu’s work is highly rclevant to expert systems and Al
in general. He descnibes the rescarch on knowledge
processing for engineenng automation which s being
conducted in his laboratory as being aimed at
investigating means of processing knowledge into a
useful commodity, rather than studying ways of
processing matenals into useful products.  These
studics are focuscd on how knowledge, in vanous
forms. can be effectively engincered into  more
appropriatc  forms for better utilization and on
fundamental methodologies that can help engincers
intclligently harvest and apply knowledge for
cngincering automation. The goal is to develop and
implement knowledge-processing techniques needed in
the development of highly automated cngincering
systems and to meet the challenges of the upcoming
knowledge-intensive industry.

Ayres and his associates are addressing the problems
of smart sensors, having anificial intclligence, as
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decision-makers in the manufactunireg svstem.  They
are looking particularly at facton-floor activities.
Here we are already bepnning to see a rather rapadly
increasing replacement of flexsble human  workers
having “high quality scnsory interpretative abilities™
by smart sensors having some degree of artificial
intelligence.  However. as Ayres and his associates
note, such “adaptive control” is “severcly constrained
by the capabilitics of existing scnsors and
interpretative computer software, especially the latter.”
They find that the generalized capabilities necded for
the future, cumrently bevond the state of the ant, are
“(1) sophisticated machine or tactile systems, (1)
complex decision algonthms, and ultimately (w) an
ability for the supervisory system to lcam from
expenience.” This requires that the introduction of Al
into the overall manufactuning system, to unlock the
door to CIM, must be preceded or accompanied by
the availabihty of such smart-scnsor
{sensory-information) processing capabilities.  Their
rescarch on  the cconomics of such  machine
vision taction has shown that such developments
“should not be assessed in the narrow context of
specific tasks in direct competition  with  human
workers by as hitherto missing links that will permit
all the clements of the factory of the future to
communicate cffectively with cach other so as o
function as an organism rather than as a set of
independent cells™ — a true CIM system.

Technology for co-ordination, or “fusion.” of the
outputs of multiple smart sensors to accomplish such
integration as that charactenized above is also virtually
in its infancy. One of thc most promising
technologies for accomplishing sensor fusion, recently
appeaning on the scene, is that of neural networks.
These arc attempting to duplicate the human ncural
nctwork, which accomplishes such fusion with casc,
with computer simulation.  Resulting neural network
computers embodying the current state of the art are
alrcady cxhibiting significant capabil'ty for dcaling
with pattern  recognition  problem- in a  noisy
environment or where there is a level of uncertainty
ahout the signal — conditions obviously found on the
factory floor. Initial cfforts to hamess such capability
tend, of course, 1o tacklc a considerably smaller
scgment of the manufactunng  system  than  that
represented by the entire factory floor.  An example of
such cfforts s the rescarch being camied out by
Aggarwal 7 and his associates at Meteut Rescarch
Associates on adaptive control of gninding.  Past
cfforts on such controls have typically employed only
a single sensor. The Metcut approach is to monitor
four different types  of signals, namely, acoustic
emission, gnnding power, wheel-workpicce  normal
force, and vibration. This reauires fusion of the

outpui of all four of these sensors. A neural-network
concept 13 therefore being considered. and 15 one
which. if feasible, should also be transportable across
the whole field of machining processes.

MANAGERIAL TRENDS

Although, again. there 1s a great vanety of managenal
tends  at work in the development  and
implementation of CiM, my observation of the
international scene has led me to conclude that the
most important of these are of four main types,
namely, trends in the orgamzational structure of
manufactuning companies, trends in the professional
role of manufactunng engneers, trends in education
and training of manufacturing engincers and workers,
and trends in the justification of CIM-related capital
investment.

Organizational Structure

The prime factor which must be kept in mind
concerning CIM-related organizational trends is that
computcr-integrated manufacturing 1s a wholly new
approach to manufaciunng — a systems approach —
and so requires a  systems approach to  the
organizational structure of a manufacturing company.
In the past, in the absence of computer technology
and its tremendous capability to provide on-line
communication of data and information throughout a
company, we were all dependent on direct
human-to-human verbal and wntten communication
— with all its difficulties, incfliciencies and crrors —
to operate  manufactunng. As a rsult, the
organization of conventional manufacturing  has
tended to be made up of “walled-in” local “cmpires.”
With the amval of computer-based capability for
flexible automaticn of both the hard and soft
componcnts  of manufacturing  operations,  this
organizational structure led to the creation of “islands
of automation” based on the local “empires,” with
almost no consideration being given to how these
“islands” could be interfaced and integrated with cach
other. This situation has created a real impediment to
integration’

Ways of surmounting this impediment have, however,
now been found.  Companies which are most
successful today in carrying out true manufactunng
systemms integration have  found  that  the
“local-empires” type of organization s incompatible
with accomplishment of such integration.  Instead,
they have found that what is required, as stated above,
15 the cestablishment of a systems approach to
organization.  Further, they have found that the key
ingredient of such an approach is the ux of ream
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management and tearn-based operations, founded on
the establishment of co-operative relutionships among
all of the company’s personnel.  Thus the major
organizational trend being pursued today by those
manufactunng companics staving to implement CIM
cffectively is that toward establishment of a systems
approach to organization and toward utilization of
team management  and  tecam-based  operations,
founded on  cstablishment  of co-opcrative
relationships.

In pursuing the development of such relationships,
they have found the most uscful technique to be the
creation of project teams made up of representatives
of the varous departments that contribute to the
overall manufacturing activity within a company, form
product design t0 finished product. The
co-operative-relations approach is necessary, and is
also cffective, because of the fact that, in a true
systems approach to manufacturing through CIM, the
actions of cach department (and, in fact, of each
individual) intcract with those of all the other in the
system to produce the big payoffs. The trend toward
application of this systems approach to organizatic.n
and its tcam-centered techniques is a growing one
throughout the world today, in progressive companics,
and is certainly a salutary developraent.

Professional Role of Manufacturing
Engineers

In recent years it has become increasingly evident that
the overall intemational trend toward implementation
of full CIM in practice is generating a major change in
the role of the manufacturing engincer in all of his or
her professional walks of life. This trend has recently
been the object of a study by the Society of
Manufacturing Fngincers, the findings from which are
contained in a 1988 report. 8 The principal findings
fall mainly into two categories, namely, the nature of
the newly developing role and the changing emphasis
in the manufacturing engincers’s manner of working.

The SME study sces the nature of the newly
developing role of the manufacturing cngineer  as
consisting of three distinct and different roles, with no
onc individual person able to play all three. It
identifics and characterizes these roles approximately
as follows:

1. Technical  Specialist. The “conventional”
manufactunng cagineer as we've known him or
her in the past. focusing on a specific
technological aspeet of the manufacturing system
in considerable detail.

2. Operations Integrator. Playing a central role and
interacting with almost all functions within the
manufactuning system.

Y. Manufacturing Strategst.  Influencing the entire
manufacturing system to implement worldwide
strategics.

While this characterization of the nature of the newly
developing roles or role of the manufacturing engineer
comresponds  with my own, my experience and my
observation of that of others around the world has led
me to the conclusion that the three are not scparate
carcer paths, with no one person able to follow all
three.  Instead, a truly professional manufacturing
engineer is, more and more today, finding that he
must progress through at least the first two roles
dunng the course of his career, and in many cases,
through all three.

The SME study sces the changing emphasis in the
manufacturing enginecr's manner of working to be
mainly of three types. The first of these is a shift from
working individually to working as a member of a
tcam of people having various types of backgrounds
and responsibilitics in the organization. This trend, of
course, corresponds precisely to that of the trend
toward creation of the multi-disciplinary project teams
descnbed in the preceding section on Organizational
Structure.  The sccond type of changing emphasis scen
by the study is that of a gradual broadcning of the
scope of the manufactuning engineer’s work so as to
encompass not only technological factors but also the
human factors and human conscquences of
application of that technology. This is, of course, a
natural consequence of the broadened horzons
provided by a systems view of manufacturing in place
of a “bits and picces” view. The third type of
changing cmphasis scen by the SME study is an
increase of the use of outside scrvices by the
manufacturing cngincer to supplement his or her
capabilitics. This trend, which I do not find to be as
significant as the other two. is nevertheless, also a
natural conscquence of the manufacturing engineer’s
broadened horizon provided by a systems view of
manufacturing.

Education and Training

The prime CIM-related trend affecting the cducation
and training of manufacturing cngincers and workers
today results from a new trend in the nature of the
work to be done in CIM factories. “Today, this work
is beginning to consist morc and more of the
intellectually  challenging, satisfying type  which
computer-integrated and automated systems offer —
and less and less of physically taxing manual work.
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Thus what 1s ncreasingly required  are skilled
knowledge workers rather than skilled rranual workers.
Education and traming for CIM needs 1o be targeted
at producing an adequate supply of such. from
techmicians to hghly qualitied engineers.

A sizmificant consequence of this trend 1s a growing by
very marked change in the university  educational
progranmes for manufactuning engineers, worldwide.
These nclude not only the programmes for nitial
cducation, but also the equally important programmes
of continuing education so necessary to keeping up to
date with the rapidly advancing technology. Today,
all of these are rapidly evolving into programmes of
manufacturing  systems  engineenng  education.  or
education for CIM. The developing charactenstics of
these reflect all aspects of the trends in the
development and application of CIM discussed in this
paper.  First of all, as implicd above, therr focus is
shifting away from the “bits and picces”™  view of
manufactunng toward a systems view, in keeping with
the overall trend occurning in that  development,
discussed carly on in this paper.  Secondly, they are
incorporating morc and more of the changing
manufacturing systems technology  discussed earlier,
such as  simultancous engincenng  and  artiticial
intelligence — particularly the closer-in facets of the
latter such as expert systems and smart sensors. They
are also being tailored to reflect the changing role of
the manufactuning engineer and the need for him or
her 1o be able to progress from the role of technical
specialist to operations integrator and manutacturing
strategist dunng the course of his or her career. They
arc also beginning 1o focus on the manufactuning
engneer’s need for capability to work cffectively as a
member of a multi-disciplinary team and to deal with
the human factors and human conscquences of the
application of CIM, discussed in the previous section.

Justification of Capital Investment

Today, many manufacturing companies  are
expenencing  increasing  difficulty  in satisfactonly
justifying capital investments as they move into
implementation of CIM-related technology.  Such
difficulty arises primarily from the fact that, in the
past, the approach to justification of investment in
capital equipement has been 1o rely very heavily on
calculation of retum on investment (ROI) based on
discounted cash flow (DCF), using expenience-tested
techniques. Unfortunately, however, when  this
traditional approach is used as the sole basis for trying
to justify investment in CIM hardware and software, it
can often Iead to false conclusions. The basic reason
for this is the fact that CIM technology is quite
different from conventional manufacturing technology

and so requires departures  from  the  traditional
methodology of jusufication. The required departures
are pnmanhy of two hinds.  Finst, as pomted out by
Kaplan,  the traditional DCF analysis needs to be
modilicd 10 many ways from the expenence-tested
techniques of the past to take account of the realities
of ROI obtainable with CIM's unique kinds of payott
capabilitics.  Secondly, however, even the best such
efforts at modification of ROI techniques have not
been able, as vet. to find a way of quantifving all of
the subtle pavoffs which stem  from  certain
pedormance factors which play a much larger role in
computer-integrated manufactunng  than in
conventional manufactuning.  Such factors include:

I. kead ume reduction

2. capability to cconomically produce great varicties
of products in small — even one of a kind — lot
sizes (process flexibility )

3. capability to casily accommodate product design
changes (product flexibility )

4. insurance of high and reproducible product quality

W

. greatly increased capability for on-time shipment

. greatly reduced uncertainty in overall operations

~N >

. greatly increased ability to formalize, employ, and
retain expert knowledge in manufacturing

8. cnhanced  ability to meet  emvironmental  and
occupational hazard requirements economically.

All of these, and more, arc much more readily
obtainable through computer-integrated manufactunng
than in conventional manufactuning.  All can offer
major cconomic payoffs. They will result in:

1. ability to respond very swiftly to changing market
demands

to

. ability to cconomically customize products to
match a vanety of customer needs and desires

Y. increased competitiveness
4. increased market share

5. reduced warranty and sales cosls.

How does onc guantify the relationships between such
factors and such results, or even the specific payoff to
be expected from them? In some cases, they are just
not quantifiable.  Yet such factors and results can be
absolutely cntical to the cconomic well-being and
survival of a manufacturing company today. Thus
the bottom linc is that justification of investment in
CIM cannot always be arrived at by purcly
quantitative mecans. In such cascs, justification of
investment  must be amved at by strategic
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decision-making involving both quantitative and
noa-quantitative factors. A\ compaay must thea. in
such instances, prepare its own hsting. pnontized. of
the strategic  factors, both quantitative  and
non-quantitative, most cntical to its own cconomic
well-being  and  sunvival.  for wse in the
strategic-decision-making  process of justification of
investment in CIM. That listing should then be used
as the basis for amving at its CIM investment
decision.  The trend toward utilization of such a
strategic approach to justification of investment in
advanced manufactuning technology is one which is
growing rapidly throughout the world today, in
progressive companics, and is paying them handsome
dividends.

CONCLUSION

Despite its cnommous  potential  to unprove
manufactuning capability and cost-effectiveness  in
world industry, the reduction to practice of the
concept of computer-integrated  manufactunng  has
moved disappointingly slowly mn the more than 20
years since it came into being.  However. the current.
newly-developing trend in world  manutacturing
industry toward  realistic  and  substantial
accomplishment of full computer ntegration of the
system of manufactrring shows great promise  of
changing that sitvation significantly for the better.
The two-pronged nature of that trend. resulting in the
generation of both technological and managenal
corollary trends of a very substantive nature, lends
great strength to that promise. Therefore, 1 believe we
can look forward with renewed confidence to sceing
that reduction to practice march ahcad considerably
more rapidly and confidently than in the past. This
indeed bodes well for the future economic and social
well-being of the world's people.
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PLANNING AND PROGRAMMING THE INTRODUCTION OF INDUSTRIAL
AUTOMATION TECHNOLOGIES IN THE CAPITAL GOODS PRODUCTION OF
DEVELOPING COUNTRIES

by L. Pineda-Serna and D. Chudnovsky, United Nations Industrial Development
Organization, Vienna, Austria

The development and diffusion of new industnal
automation technologics has started a new industnal
revolution, the mmpact of which 1s already felt and
which will become mereasingly strong in the years to
come.  Because of the hinkages that exst in the world
cconomic system. this will have a profound effect on
the industnalization process in all  developing
countrics. The new technologies, especially those
based on microclectronics and  informatics, affect
industrial development in two ways: through their
impact as a manufactunng sector on its own and
through their diffusion to other manufacturing scctors.
As a sector of industry, the manufacture of
microelectronic components and equipment and of
machinery opcrated and controlled by clectronic
devices constitutes onc of the key and most dynamic
secgments of the capital goods industries. Given the
high research and development expenditures, the quick
technologcal progress and the concentrated nature of
the supplv of many segments of the clectronic and
clectronically  controlled cquipment  industnies, the
bamers to entry into and to successful operation of
developtng countnes in these segments should be
analyzed in depth.

But. even without considening the issue of entenng
mto the production of these technologies, it s
extremely important to analyse mn depth the unpact of
new industnial automation technologies on different
manufactunng scctors.  Given the fact that the new
industrial automation technologies are especially suited
for the production process of capital goods, it 1s very
important to pay attention to the impact of these
technologies in the capital goods producing industnies
in developing countries.

The production process of capital goods, cspecially
those made in small batches, may be strongly
influenced by the diffusion of industrial automation
technologics based on  microclectronics  and
informatics. These technologies not only tend to save
labour, but also to provide other substantial benefits
to firms applying them. If this diffusion is faster in
industnalized than in developing countnies. then the
cxisting technological gap will widen and the
competitiveness of machinery producers in developing
countrics will be reduced, in which case the
anticipated share of developing countrics in the global
capital goods production is likely to be cven smaller
than current perspectives suggest.
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The actual and potential consequences of the new
industnal  automation  technologies  for  the
international  division of labour and location of
production are not well known. Sull, there are
reasons to believe that automation in many cases is a
threat to further industnalization of develeping
countrics and even to ther present production of
capital goods, due to factor-saving biases and cost
reductions  associated  with the use of the new
technologies. On the other hand, given the
skill-saving character of some industnal automation
technologies,  they probably  provide new
opportunitics, for the countries opportunitics which
they should try to exploit.

On the whole, relatively bitle 1s known about the
specific thrcats and opportunities of the new
automation technologies for devcloping countnes.

The rationale for the present paper is actually to
increase the knowledge on tl.cse issues in order to
guide country and enterpnise stratcgies and UNIDO
support activities.

As a basis for the formulation of responses and
strategies of developing countries, it is crucial that the
impact of new automation technologies should be
identified in very specific terms. It cannot be done at
a general level, simply because the impact of the
technologies diffcrs between themselves as well as

between the engineering branches for whose
production they are used.

{. THE CONCEPT OF INDUSTRIAL
AUTOMATION

With the tremendous progress made in

microclectronics in the 1970s and 1980s, industrial
automation has recensed a great push and entered into
a phasc of rapid technological change. In contrast
with the traditional automation in which a chain of
inflexible, special-purpose equipment was installed to
deal with the mass production of relatively
homogeneous products (c.g. motor cars), the new
automation technology (called computenized or
programmable) is flexible and applicable to a wide
range of machine-building operations. Given the fact
that the bulk of capital goods are made in small and
medium-size batches, flexible automation has widened
the scope of automation in the capital goods industries
in a significant manner.

Rapid advances in microclectronics are the main
driving forces in the new industrial automation
technologies.  The computer is a tool which is
increasingly being applicd in both the production

process and production planning. The challenge of
the future will be to utiize computer technology n
the manufactunng process from the moment of
product conception, according to market information.
to its final delivery to the customer. The success of
this new concept of industnal automation will depend,
to a large extent, on the capability and rehability of
the information system and of the management which
controls and supervises all processes.

A. Main components of the industrial
automation technologies

Flexible automation includes a number of
technologies such as those embodied in computerized
programmable logical controllers (PLCs),
computerized numerically controlled machine tools
(CNCMTs), computer-aided design and manufacture
(CAD/CAM), industial robots and flexible
manufacturing units (FMU), cells (FMC) and systems
(FMS) that have been developed or drastically
improved in recent years and are being diffused in a
significant manner in the industrialized and in some
developing countries.

Although the aim of computer-integrated
manufacturing (CIM) is to link and integrate these
diffcrent technologies to achieve system gains and,
eventually, a factory in which the main functions are
going 1o be fully automated, so far the main progress
has been made in developing individual technologies
and achieving partial intcgration, leading to “islands of
automation” (CNCMTs assisted by robots;
CAD/CAM for programming CNCMTs; linking
several CNCMTs and robots in elementary FMS, etc).

While there is no doubt that PLCs, CNCMTs,
industrial robots, CAD/CAM and FMS are crucial
components of flexible automation, in some studies
other technologies are also considered.

Sensors and actuators among process control
cquipment, automatic testing equipment, automated
guided vehicles (sometimes included in FMS),
production management systems (master production
scheduling, material production planning, ctc.) are
sometimes considered components of industrial
automation. Although some information is available
on these technologies (see Camagni, 1988) attention
will be paid below only to the leading flexible
automation technologies, excluding PLCs (because
they are mostly applied outside engincering industrics).

On the contrary, automatic machines that are used in
specific industries (like computerized textiles machines
or NC sewing machines) are not generally included in




COMPUTERANTEGRATED MANLFACTU RING 39

general studies of industnal automation. although they
may be cructal for specific sectoral studies. In sperific
studies (for instance in the garments industry) the use
of CAD applications are particularly relevant, as
analyzed by Hoffman and Rush (1554) and Mody and
Wheeler (1957).

The technologies included in flexible auiomation are
generally process innovations and are applicd as such
in the user industrics. However, they are product
innovations for the firms making the equipment.
These firms are penerally engincering enterpnises
coming from a mechanical tradition but increasingly
also industnial clectronic producers.

1. CNC machine tools

In a CNC machine toc!, the information needed for
operating and controlling the machine is provided by
an clectronic unit (the CNC) rather than by the
machine operator, as is the case with a conventional
machine tool. Although the technology was developed
in the 1950s, it was the introduction of the
microprocessor into the control unit in the raid-1970s
that led to massive diffusion of CNCMTs. The use of
microclectronics has not only widened the range of
functions that can be automated (c.g. tool changing,
diagnosis of faults) but also led to a significant
reduction in the prices of the CNC units (the price of
a CNC unit in 1985 was four times lower than a unit
developed in 1978, in constant prices and with similar
functions (Chudnovsky, 1986) and, jointly with the
changes in the economics of production of the
machines, in the prices of CNC machine tools.

CNC machines arc mainly mctal-cutting machine
tools and especially lathes, bonng machines, milling
machines, dnlling machines and machining centres. In
the casc of metal-forming machine tools, applications
have been limited mainly to punching and shearing
machines.

The share of CNCMTs in the total production of
metal-cutting machine tools increcased from about
25% in 1976 10 76% in 1986 in Japan and 55% in
Italy.

The diffusion of CNCMTs is explained not only by
the matunity of the technology but also by the
significant cxpansion of the user market. Small and
medium firms have been adopting this technology as a
result of its increasing reliability and declining relative
cost. This is the case especially in Japan (Watanabe,
1983) and Italy (Camagni, 1988).

CNCMTs are mainly used in the machinery goods
producing industrics (specally in the branches that
produce in small and medium-sue batches). in atreraft
production, in shipbuilding and in motor car and auto
parts manufactunng.  The adoption of CNCMTs
greatly increases labour productivity and in some cases
capital productivity also nscs. The applicailon of
CNCMis reduces the number of skilled workers as
well as the skills required for operating the machines.
Although some new  skills are  nceded  for
programmung, operating and repair and maintenance
of CNCMTs, the net effect of introducing this
technology has clearly been to save skilled labour
(Jacobsson, 1986).

Of the technologies under consideration, CNCMTs
are not only the most mature and diffused but also the
technology of greatest economic  importance.
However, if only the CNC unit is considerid, they are
of lower economic importance than PICs
(programmable logical controllers), for instance.

CNCMTs have already being diffused in developing
countries and, in some of them, local production is
quite important Estimated of the stock of CNMTs in
a number of devcloping countrics (Argentina, Brazl,
India, the Republic of Korea, Mexico, Singapore and
Yugoslavia) are provided in Edquist and Yacobsson
(1988, p.130). The largest stock in 1985 was that of
the Republic of Korea (2,650 units in 1985). Given
the high growth of that country’s economy, increasing
imports and local production of CNCMTs, it is
evident that the stock has increased in a siznificant
manncr since 1985.

In Brazil (whose stock was 1,711 units in 1985), local
production rose from 413 units in 1985 to about 800
units in 1987 (Tauile, 1987). In Argentina (whose
total stock was cstimated at 500 units in 1985), local
production rose from 20 CNCMTs in 1985, to 34
units in 1986 and 109 units in 1987, of which 31 CNC
lathes were cxported, mainly to Brazil (information
provided by AAFMHA, the machinc tool producers’
association). At the same time, imports grew from 13
units in 1985 to 20 units in 1986 to 44 units in 1987.

In the case of Mcxico (whose stock was cstimated at
500 units in 1984 in Fdquist and Jacobsson, 1988),
another study (Casalet y Morales Garza, 1986)
estimated a total stock of about [,000 units in 1985.
It is very likely that many morc units were
incorporated in the more recent period. In Colombia,
a recent study found that 61 CNCMTs had been
incorporated up to the cnd of 1987 by twenty
surveyed firms (Moreno, 1988).
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In other lauin Amencan countnes with local
production of capital goods. like Venczuela, Chile and
Peru. it is likely that CNCMTs are also being diffused.
A similar situation may be found in Asian countnies,
not only in China and the newly industnalized
countnes (NICs), but also in the ASEAN member
countrics and in other countries as well.

Further information on CNCMT diffusion and
production i industnalized countnes and in some
devcloping countries is found in the studies made by
Edquist & Jacobsson (1988). Jacobsson (1936,
Chudnovsky (1985, 1986, 1988), Tauwle (1987),
Fransman (1986), Casalet v Morales Garza (1986),
Watanabe (1983) and the Boston Consulting Group

(1985).
2. Computer-aided design

CAD is an clectronic aid for draughtsmen and design
engincers. A CAD system 1s composed of a graphic
workstation and some type of electronic processing
device. Using these facilities, an operator can construct
highiy detailed drawings on line. CAD can be used in
manufacturing industries but has wider applications in
other activiies like architecture and construction
engineering services.

CAD systems are used to increase the productivity of
designers and draughtsmen, shortening the lead time
from order to dclivery or from conception to
production, and to perform work which is too
complex for manual design and drawing (as 1s the case
in the electronics industry for the production of
intcgrated circuits) (Edquist & Jacobsson, 1988). It is
clear that CAD systems mostly save skilled labour.

While at the beginning CAD systems were only based
in  large  mainframes, mn the carly 1980s
microcomputers and personal computers (PCs) started
to be used in CAD systems. With PCs, CAD systems
can be obtained at very low prices and hence this
scgment of the market will grow quickly and will
include many small and medium-size finns. Prces
have also been falling in big systems (from $400,000 in
1980 10 $250,000 in 1985 (U.S. Department of
Commerce, 1987).

In 1982 there were about 10,000 CAD installations in
the world, of which half werc in the United States and
one third were in Europe.  Most recent information
(Electronics, January 1988 issucs; Camagn, 1988) is
quoted in values of shipments and, hence, it s difficult
to have an idca of the number of installations.

CAD systems are used espeaally in the clectneal
machinery sector (particulardy the clectronics industry)
and to a kst extent in transport cquipment and
non-clectncal machinery. With the recent reduction in
prices. it is hikely that applications in other industnes
will grow as well.

In robotics and CNCMTs, the carly United States
kad was lost to Japan, which is the kader in
production and use. In contrast, in the case of CAD
the supply 1s complctely dominated by United States
compamies, with a rlatively high  degree  of
concentration.

CAD systems arc being diffused in the NICs,
especially in the Republic of Korea. Singapore. India
and Brazil. In Argentina and Mexico there is also
some diffusion of these systems and in Braal, n
addition 10 imported equipment, local production of
both big and small systems has been fostered by the
Government.

In the available studies, littic information cxsts on the
most recent pattemns of diffusion, especially since the
development of CAD software with a personal
computer.  (Further mformation in Edquist &
Jacobsson, 1988; US Depantment of Commerce, 1987;
Camagni, 1988; Tauik, 1987)

3. Industrial robots

Although there are several definitions of robots, that
of the Intemational Organization for Standardization
(ISO) is the most precise one:

The indusirial robot is an automatic
position-controlied reprogrammable
multi-function manipulator having scveral
degrees of freedom  capable of handling
matenals, parts, tools or speaialized devices
through variable programmed motions for the
performance of a varicty of tasks...

While this definition of programmable (by means of
software) robots is similar te those used by the
Furopcan and United States robot associations, the
Japancse Industrial Robot Association (JIRA) uses a
much wider concept including other automation
devices like manual manipulators and sequence robots.
In the narrow dcfinition of robots playback,
numcrically controlled and intelligent robots  are
included.  The intelligent robots differ from the
previous ones by their sensory ability and capability to
react to changes in the working cnvironment.
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The world population of programmable robots
mncreased from 30.000 units in 1981 to 130.000 units in
1986. according 0 the ECE estimates (ECE, 1988).
Although the annual growth rates in  some
industnalized countnes have been very high. in other
countrnies, hike the United States, gross new orders of
robots actually decreased in 1986, afier a stagnation in
1985 (International [Herald Tribune, 17 Fcbruary
1939). Given this situation, some of the onginal
forecasts (c.g. onc million robots in use by 1990) have
proved unrealistic.

Robets can be divided according to applications in:
1. Parts-handiing robots;
2. Process robots (c.g. welding and painting robots);
3. Assembly robots.

Process robots account for more than half of the
mstallations in the Federal Republic of Germany, half
m the United Kingdom and one fourth in the United
States. In the latter country almost three quarter of
the robots are parts-handling. Spot welding is the
leading process application in the Federal Republc of
Germany and injections moulding is the keader in the
United Kingdom and Japan.

Assembly robots, once techmically relatively
underdeveloped, recently started a process of quick
diffusion once some technical problems were solved.
(Fdquist & Jacobsson, 1988, p.50).

Robots arc being adopted for doing dangerous or
unpicasant tasks, for improving quality and for
upgrading the technological level of the firm, especially
when other flexible automation technologies are used.
In terms of labour, robots largely replace unskilled and
semi-skilled labour. There are large intemational and
interindustry differences in the diffusion of robots.
Japan has the largest population (both in «bsolute
numbers and in  proportion to  manufacturing
employment) followed by Sweden and other European
countrics, like laly and the Federal Republic of
Germany, and the United States (in proportion to
manufacturing employment).

Although the automobile industry is the major user of
industrial robots in the Organization for Economic
Co-operation and Development (OECD) coumnies,
robots are also used in a number of other branches. In
Japan, for instance, the most intensive user of robots
(though a small user in absolute terms) is the bicycle
industry, followed by automobiles, plastics,
metal-processing machinery and clectncal machinery).
In the United States, in addition to automobiles (by
far the largest user industry), electronics, foundries,

and non-metal hight manufacturing are the larpest user
branches of robots.

Given the fact that robots are mawmnly an
unskilled-labour saving technology. the diffusion of
robots in the developing countnes is still very limated.
According 1o ECE, about 4.000 robots were installed
m 1986 outside Asia (including Japan). North
Amenica, western and castem  Furope  (including
USSR). Presumably a number of themm are in
developing countries.

It is known that more than 300 robots were installed
in Singapore in 1985 (Edquist & Jacobsson, 1988). In
the Republic of Korea, Yugoslavia, India. Brazl,
Argentina and Mexico, process robots are already
being used in some factones and for cducational
purposcs.  Subsidiancs of transnational corporations
(TNCs) producing motor cars both for export and the
domestic market are already using robots in thar
factonies in developing countrnies and robots are also
being applied in the production of consumer goods
(like TV sets and refrigerators).

A proportion of the robots used in developing
countries are locally made and, at keast m Braal, the
indigenous production is explicitly encouraged by the

Government (as is the case with CNC units).

Further information on robots diffusion is available in
studies made by OECD (1983), ECE (1985, 1988),
Flamm (1986), Camagm (1988), Tauille (1987), and
Edquist & Jacobsson (1988).

4. Flexible manufacturing systems

No agreed definition is available on FMS. While
Bessant (1985) considers that FMS is “an approach to
a particular set of manufactuning problems rather than
any single technological configuration,” both Edquist
and Jacobsson (1988) and the ECL (1986) have
attempted to define it.

According 1o ECE (1986, p.13) a FMS “an intcgrated
computer-controlled complex of NCMTs, automated
matcnial and tool-handling devices and automated
measuring and testing equipment that, with a
minimum of manual intervention and  shon
change-over time, can process any product belonging
to certain specified famibies of products within its
stated capability and to a predetermined schedule.”

Scveral types of systems arc defined.  Flexible
manufactuning unit (FMU) (usually one machine
system), flexible manufactunng cell (FMC) (two or
more machines) and FMS (two or more FMCs).
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svstem). flexible manufacturing ccll (FMC) (two or
more machines) and FMS (two or more FMCs).

According to ECE, there were around 350 FMS
installed in the world in 1984 85. In a study made in
Italy about the diffusion of FMSs in six industnalized
countnes. it is stated that there were 182 at the end of
1984 and 250 at the end of 1986 (Gros Pictro 1987).
Eighty-six were installed in Japan and 66 in the
United States. The largest growth occurred m the
United Kingdom (from 16 to 36) and in haly there
were 17 FMUs at the end of 1986.

In a study of the distnbution of 129 FMSs by user
industnies, it was found that more than half were
located in the non-electncal machinery sector and
more than one third in the transportation equipment
industry (Fdquist & Jacobsson, 1988).

It is clear that FMSs are in the early stage of their
diffusion and further technological development and
cost reductions arc needed for a wider diffusion.
FMUs hardly exist in developing countries, although
in the Republic of Korea there are a few. However, it
is possible that some FMCs or FMSs arc already
being used.

Further information is provided in ECE (1986), Gros
Pictro (1987), Camagni (1988), Edquist & Jacobsson
(1988).

B. The diffusion and production of
industrial automation technologies in
developing countries: issues for the 1990s

From the brief review made above and the available
literature, it is possiblc to rcach some preliminary
conclusions and suggest a number of issues that
deserve close attention:

I. A number of new industnal automation
technologies (c.g.  CNCMTs, CAD systems,
process robots) are already commercially available
at reduced prices and with an increasing reliability,
while other technologies (e.g. FMS) are still in the
development stage and are cxpensive and not very
reliable.

2. Technological progress in this ficld is very quick,
making possible new developments like assembly
robots or CAD systems for personal computers
that will facilitate further diffusion of the
technologies. However, the process of integration
of the several industrial automation technologies is
nct without major problems and, therefore,
predictions about commercial applications of these
systems have 10 be carefully evaluated.

3. Despite the technological matunty. reduced prices
and increasing reliability of these technologies, the
process of diffusion, though very significant in the
last ten years or so:

(a) Is not as rapd as ongnally expected;

(b) Is very uneven at country, industry and user
firm level;

(c) Has been implemented with a varied degree of
success.

These fcatures of the diffusion process are mostly
explained by differences in coumiry and firm
experiences, though the uneven matunty of the
technology in question also plays a role.

However, when successfully implemented,
industnal automation technologies have proved to
be an extremely powerful instrument to increase
labour, and in some cases capital productivity.
Morcover, they are useful in adapting the
manufacturing assets and the product mix of the
fiims to the changing circumstanc:s of the
environment in which business is conducted, as
well as in increasing the international
competitiveness of the industry and fum in
question.

4. The successful implementation of industrial
automation technologies requires not only the
incorporation of the rclevant technological
hardwarc  and  softwarc. It also, and
fundamentally, requires the devclopment of an
“industrial automation culture” through a number
of organizational changes at the plant level to
rationalize the production process and the
relationship with suppliers and clients.  Morcover,
training of the relevant blue-collar and white-collar
personnel to  take advantage of the new
technologies, adequate maintenance and repair
skills and an expected market for the products to
be produced with these technologies, allowing a
relatively quick amontization of the investment in
question, should be carefully planncd.

If the introduction of industnial automation
technologics is not done as part of a process of
restructuning of the production management of the
firm, the technology as such will not lead to any
significant increase in labour productivity. When
introduced as an integral part of a process of
scrious  plant  reorganization and  industnal
restructuning, however, industnal  automation
technologies can be a powerful tool to facilitate
the reorganization process and increase the
production cfficiency at the task, shop, plant and
industry levels.
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S. Despite the  reduced  prces  of  industnial
automation tcchnologses, the adoption of these
technolomes is nomally an expensive investment
(when compared with conventional machines
and or labour costs). Furthermore, these
technologies  require  considerable  reparr  and
maintenance skills that are not easily available,
especially in developing countries. Therefore, it is
more hkely that big fums with adequate financial
resources will be the carly adopters of these
technologies. However, small fims with an
adequate market for their product (cg.
subcontractors) are also likely adopters.

It is truc that one of the great advantages of
flexible automation is that it makes the production
of small batches in discrete manufacturing as
economic as was the production of such batches
with conventional machines. It is also true that
user firms need to have a subswantial aggregate
volume of production to be able to amortize the
higher investment.

6. Although industrial automation technologies are
adopted for many reasons, such as rcduced lead
time, quality consistency of the product, greater
possibilities of product vanety, and Dbetter
management control of the production process,
there is no doubt that cost reduction through
labour saving is an important consideration for
adopting these technologies. In the case of
developing countries with Jow wages for skilled
and,or uaskilled personnel, it is extremecly
importamt .o cxamine the extent to which reasons
other than reduction in labour costs per unit of
output can have a greater influence in the
adoption process of ihese technologies.

On the other hand, the impact on the skill
structure is an important vanable to be taken into
account. In countries with skilled labour
shortages (of machinists, design and draughting
technicians), the introduction of, for example,
CNCMTs and CAD systems may be used for
leap-frogging in the ficld of machining and
especially of designing (Edquist & Jacobsson,
1988).

7. Given the rapid diffusion of some industrial
automation technologics and the importance of
having a local supply of these technologies to
facilitate after-sales service and hence reduce repair
and maintcnance skills, the entry into the
production of these technologies is  quite
important for countrics undergoing a substantial
development of the engincening industries if they
wish to participate in the most dynamic segments
of the industry and remain competitive. However,

despite the availability of technology sources and
cheap electronic components, the barriers to entry
into the production of the most mature and
diffused industrial automation technologies are
significant, leading to higher production costs and
less reliable equipment m the case of indigenously
produced equipment and hence hinder the
diffusion process itself. To overcome such entry
barners, not only well-trained personnel and
adequate design, production and marketing skills
are necded, but a careful analysis of the degree of
domestic integration of mechanical and electronic
hardware and of the software must be made, as
well as a determination of the minimum volume
of production in competitive products required to
be supplied to the domestic and, eventually, to
export markets.

Thus, the impact of industnal automation
technologies in the capital goods producing industries
of developing countries is a very important issue that
should be carcfully considered.

The adyances already made by developing countries in
manufacturing engineering products will become more
fragile and will not be sustamable in the long run. At
the same time, the entry into the production of more
complex capital goods will become more difficult
unless these industrial auvtomation technologies are
applied. Hence, -t0 remain outside this crucial
technological development will only contribute to a
further marginalization of developing countries from
the key manufacturing activities.

From the typology of developing countries worked
out by UNIDO (1985), it appears that this is a crucial
issue for near forty developing countries having a very
large and medium-to-large capacity for capital goods
production {group A and B countrnics). For the
remaining developing countries (group C) that hardly
produce any capital goods, the entry into capital goods
production may be cven more difficult, though in
some cases the skill formation process is less
time-consuming.

The advantages of developing countries in the
production of capital goods based on low wages for
skilled and semiskilled labor can casily be eroded by
the introduction of flexible automation technologies in
the industnalized countries.

While it is true that industnial automation technologies
do save labour and hence may have a negative impact
on the employment of cumrent engincering production,
it is also truc that in many cascs such production will
remain competitive and thus viable in the long run
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only if thexe technologes are  successfully
implkemenated.  On the other hand, and taking into
account  the  skilled-labour-intensive  nature  of
engineenng  production, skilkd labour rekased from
production of the engneening goods most affected by
the technologics m question may  cventually  be
emploved to foster the production of other capital
goods.

The kss rapid diffusion of these technologies than
ongnally cxpected should not kead to the conclusion
that the impact 1s slowing down. On the contrary,
this less rapid diffusion 1s an opportunity for
developing countnes to remain competitive i the
production of cngincering products and to benefit as
soon as possible from the introduction of these
technologies.

Despite  the uncven  diffusion  process of these
technologies in the engincening  industnies  of
industnalized countnes, there is no doubt that their
application in the manufactunng process of many
capital goods is imperative if the manufacturer is to
remain competitive in this segment of the world
cconomy. It is a fact that a growing number of firms
n developing countnies are beginning to acknowledge
and trying to act according to the new circumstances.
However, relatively hittle is known about the diffusion
process of these new technologies in developing
countnics other than the NICs.

It is unknown, for example. who the main users are,
the reasons for the adoption, the factors accounting
for the successful and unsuccessful incorporation of
these technologics, the conditions and issucs related to
entry into production of these technologies, and the
conscquences of indigenous  production  for the
diffusion process.

Only careful consideration of the factors affecting the
diffusion and the cventual production processes of
these new technologies will permit a diagnosis of the
problems faced by scveral developing  countnies
producing capital goods, at different levels of
development.  On that basis it will be possible to
formulate policy recommendations to deal with
industrial automation technologies and  lead to
UNIDO support programmes in the form of advice
and technical assistance.

il. OUTLINE FOR A PROGRAMME ON
INDUSTRIAL AUTOMATION OF THE
CAPITAL GOODS INDUSTRY

The main objgutive of a programme on mdustnal
automation should be to foster the development and
competitinencss of the capital goods producing
industnes  through an  adequate and  programmeed
introduction of new technologes in the engincening
branches and an efficient entry into the development
and production of these automation technologies.

UNIDO can assist developing countnies in reaching
this objective through the development and execution
of technical assistance programmes tailor-made to
overvome the problems prevaling wn  different
countnes.

In-depth  knowledge of the different  situations
prevailing in devcloping  countries  regarding L
diffusion and production of these technologies is
needed in order to be able to formulate policies aimed
at creating the domestic capabilities in the form of
skilled resources and managenal capabilitics on the
basis of which an industnal automation culture may
flourish.

The  abovc-mentioned  objective  could  be
operationalized through a UNIDO  suppont
programme, which should be bascd on, among others
things, the following activities:

1. Ficld analysis should be undertaken in the form of
several country case studies aimed at shedding
light on the factors accounting for the diffusion
and eventual production of industnal automation
technologies in a number of developing countries.

To have a good selection of relevant experiences,
twelve countries should be selected within groups
A and B (UNIDO,1985).

ta

. On the basis of the findings of these country case
studics, a typology should be prepared in which
an attempt should be made to find certain
common features and policy issucs about the
introduction, implementation and  cventual
production of industrial automation technologies.
These common features should take into account
the peculiantics of the varous  developing
countrics in terms of their recent macro-cconomic
and industnal development, particularly in the
domestic production and cxports of engincenng
goods; their industnial, trade and technology
policics framework: the employment and skill
formation cxperiences; the vanous successful and
unsuccessful expenences at the enterpnise and
industry levels regarding  the adoption and
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production of the technologies under study,
paying special attention to the skills involved and
managerial behaviour; the umpact of the adoption
of these technologies upon the competitiveness of
capital goods production, ctc.

3. On the basis of the ccuntry case studies and the
above-mentioned typology, specific areas should
be sugpested on which developing countnes
should formulate concrete policics to facilitate the
adoption and production of industnial automation
technologies in the context of fostenng the
development of the capital goods producing
industries and the role that UNIDO should play
in this conncction. These policies should take
into account the peculianties of cach country
situation and give appropriate attention to the
production and managerial skills required for
successfully implementing industnial automation
technologies.

4. A capacity should be set up in UNIDO for
supervising the above-mentioned studies and for
providing technical assistance and specialized
professional services to developing countries
interested in adopting and producing industrial
automation technologies and to enterprises that
decide to incorporate these technologies. In this
way, UNIDO should assist developing countries
in this field through specific knowledge of the
requirements for successfully adopting these
technologies with particular emphasis on
implications for management skills, training of
human resources and know-how requirements.

5. A capacity should be set up within UNIDO to
monitor the techno-economic developments in
this field, both in industrialized and developing
countrics, and the experiences at the country and
enterpnise levels in the diffusion and production of
industrial automation technologies.

A. Methodology to undertake a
programme on industrial automation

1. The technologies to be analyzed

From the abovc-described technologies, attention
should be paid to CNCMTs, CAD systems and
industrial robots and eventually to PILCs, within
process control cquipment. The different types of
CNCMTs and CAD systems should receive prionty.

It can be assumcd that these technologies are mostly
diffused independently of cach other and that, at Icast
at the beginning, they will replace conventional
technologics  (ie. an  NC  lathe replacing  a
conventional lathe) or simply reduce the amount of

skilled  labour (of machimsts, designers. welders)
needed to preduce an engineering item.

Unless surveys of the diffusion of these technologes
are already available, 2 lot of work is involved in
obiaining data related to the number of units installed.
therr umt value (cif and included tanffs and other
delivery expenses) and the country of ongn.
Sometimes, information on mmported items can be
obtained in trade statistics if the required technology is
shown scparately (for example, NC laihes arc
compiled as a separate category within lathes). This
information can be supplemented by export figures
from the supplying industnalized countrics.

Data from trac+ statistics should be supplemented by
infformation t> be provided by commeraal
distnbutors of the imported equipment.  These
distributors can also provide the names and activities
of their customers and details of the after-sales and
training activities that they engage in.

It is very important to try to have not only the stock
of the technologies installed in the country but also
flow information. Such mformation for a number of
years will permit an assessment of the time dimension
of the phenomena under study.

2. Developing countries to be chosen
(typology)

From the studics and activities of UNIDO and of
other agenc'es and experts in the capital goods scctor,
the counties belonging to group A (Republic of
Korea, Singapore, India, China, Argentina, Brazil and
Mexico) are not only the countries with a fairly
well-developed capital goods sector but also countries
where the technologies under study are being diffused
and, in some cases, locally produced.

Very relevant ficld work can be undertaken in these
scven  countrics, taking into account the already
available studies and informatien for a deeper
understanding of the issucs involved in both the
diffusion and production of these technologics. The
most relevant experience in Asia is that of the
Republic of Korea. However, given the importance of
its capital goods scctor and its current technological
transformation, China should receive prionty.

In latin Amenca, Brazi 1s the most relevant
experience to be studied, especially taking into account
the amount of local production of the technologies
under study. Argentina is also an interesting case to
be further analysed. Despite the poor cconomic
performance, the trade agreement with Brazil has
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revitalized some segments of the machinery industry,
including the production of CNCMTs. and the trade
and co-operation agreement with Italy has faalitated
‘mports of these technologes and the setting up of
jount ventures between Italian and Argentine fims to
manufacture CNCMTs. Taking into account what is
already known and the importance of the issue under
consideration, it would be advisable to concentrate
efforts within group A countries in China, Argentina
and Brazil. In these three countries the studics should
pay attention to both the diffusion and the production
processes of these technologies.

From the studies made by UNIDO in the capital
goods sector, in addition to group A countrics, the
thirty countries in group B were considered to have a
medium market, medium-to-large  technological
capacity and some development of the capital goods
sector (UNIDO, 1385).

The most relevant developing countries with potential
for industral automation would be those in which
the economy has performed rather well, investment
ratios have been significant (hence, imports and local
production of capital goods have gained momentum)
and cxports of capital goods have not only increased
their importance in production but also been
increasingly including more technically sophisticated
products. The increase in local labour costs or the
difficultics in finding skilled labour would be another
factor encouraging the use of automation technologies.
However, industnal automation also has a potential
for adoption in countnies with a poor recent economic
performance. In cases where industrial restructuring
schemes are taking place due, for example, to umport
liberalization policies, domestic fums may need to
adopt automatcd equipment to be able to face import
competition.

In the Asian region, countries like Thailand, Malaysia,
Philippines, Indonesia and Pakistan are priority cases
to be analyzed within group B countrics.

An additional consideration for the inclusion of the
member countsies of the Association of South-East
Asian Nations (ASEAN), is the growing importance
of Japancse dircct foreign investment in these
countries since the yen revaluation. Although the
reduction in labour costs is an important motivation
for Japanesc direct investment in some ASEAN
countrics, it is also possible that some sort of
horizontal division of labour has been established
among the parent companies and subsidiarics located
in developing countrics by which intra-industry trade
will be developed and cxports not only to third
countrics but to Japan will gain importance.

In this scheme at s likely that some of these
production facilitics have to produce components at
quality levels that require automation technologics in
some stages of the production process (e.2. machining
operations) to meet the requirements of the joint
production.  Given the expenence of the Japanese
companics in the technologes under study. 1t 15 ot
unlikely that Japanese direct investment could becorre
a vehicle for diffusing industnal automation 1o
developing countries.  This question, however, should
be verified in the ficld work.

Within group B countnes in Latin Amenca, it would
be advisable to concentrate efforts n Cuba, Colombia,
Peru and Venczucla. The list of Afnican countnies
might include Algena, Morocco, Nigeria, Tunisia,
Kenya and Zimbabwe.

While in the studies on Argentina, Brazil and China
both diffusion and indigenous production trends and
modalities will be studied, in the remaining developing
countnes prionity should be given to the diffusion of
imported flexible automation technologies, though
some local production may also take place. The
studies on group B countries will fill an important gap
m the available hiterature on the subject and will
permit an assessment of the possibibities of these
countrics to foster indigenous production of more
technologically advanced engineering goods.

From the eighteen developing countries (six m Asia,
six in Africa and six in latin Amenca) mentioned
above, a list of at lcast twelve should finally be agreed
upon as the subject of country case studies.

(3) Industries and user firms to be selected

From the studies already made in industnalized and
developing countries, it is known that the industnal
automation technologies are diffused mainly in the
engineering industry or capital goods sector broadly
defined (ISIC  38) and, more specifically, in
non-clectrical machinery, clectrical machinery and
transport cquipment.

The prionity subsectors within engincering production
where the user firms should be selected are as follows:

1. Motor car production and spare parts and
accessories,

2. Agriculture machinery, including tractors;
3. Cutting tools, pumps, valves and compressors;

4. Machine tools,
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5. Special  industrial  machinery,  especially
construction machinery, food-processing
machinery, textile machinery, clothing machinery,
leather machinery, printing machinery, etc.;

6. Heavy clectrical equipment;
7. Oil industry equipment;
8. Shipbuilding;

9. Railway equipment;

10. Aircraft and parts;

11. Electronic components.

In the countrics with local production of the
technologies under study the main producers
(generally also users of the technologies) should be
included in the sample firms to be surveyed.

If possible, the same subsectors should be chosen in
different countnes, in order to facilitate intercountry
comparisons. If the same firm has affiliates or has
transferred its technology to enterprises located in
other countnies to be included in the field work, both
companies should be tncluded.

Within the chosen subsectors, user firmns to be studied
should include as far as possible large-, medium- and
small-size  enterpnses, both  nationally and
forcign-owned, that have incorporated and have
substantial expericnce with one or more of the
technologies under study. Subcontracting firms should
also be included. For comparison purposes, when a
specific firm is selected in a subsector, it would also be
very useful to interview competitors that have not
adopted the technology under study to try to assess
the advantages and disadvantages gained by the
adopting firms.

It i1s advisable to concentrate the study efforts within a
few engineering branches and to have more than one
firm in each branch, in order to be able to leamn the
specific situation of the subsector under consideration.

The selection process of the firms to be surveyed is
not casy. It is rather advisable to have a longer list of
firms and send a postal questionnaire with a few data
and then to choose a reduced number of firms as the
object of a thorough survey that should include
detailed visits to the plants for interviewing the
relevant managgers.

Distributors of imported cquipment, local producers
(if they are available) and industry experts should be
used to select the sample. The sample cannot be a

random one but efforts should be made to include a
good representation of the country situation.

B. Structure of the country case studies

1. Macro-economic aspects

(a) Recent macro-economic performance

Information on the growth rate of the economy and of
the manufacturing sector, the share of fixed investment
(and especially of machinery and equipment) and of
public investment in GDP, on uncmployment, the
inflation rate, the real rate of interest, the real rate of
exchange evolution, exports and imports, external debt
services, the balance of payment situation, etc. should
be gven in order to have an idea of the
macro-cconomic environment of the country being
studied. Special attention should be paid to fixed
investment trends in the economy and the likely
prospects for productive investment in the years to
come. The availability of domestic and extemal credits
(including subsidies like debt equity swaps or other
subsidies on interest rates or special conditions for
acquiring equipment) for productive investment is an
important vanable to be looked at.

‘The current situation regarding the labour market is
also a relevant question.  Analysis should cover not
only unemployment rates in the economy and in the
manufacturing scctor but also the cvolution of real
wages in the manufactunng sector and indicators of
labour unrest.

(b) Recent industrial development, especially that
of the capital goods producing industries

Information on the main structural features of the
manufacturing sector and of the engineering branches
(ISIC 38) should be given (gross output, value added,
exports, total employment and, if available,
cmployment by main categorics, labour productivity
growth, size distribution of establishments).

The cvolution of wages and salarics paid in the
engineering branches should be given and, if possible,
the relationship with productivity cvolution. The
degree of local integration of the production of
engineering goods should be indicated as preciscly as
possible.

Product composition of exports of capital goods, their
importance in production and the main destination of
the exports should be given for at least three years.
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Product composition of imports of capital goods, the
share of imports in apparent consumption or total
mvestment and the main ongin of capital goods
“nports should be also gven tor at least three years.

The recent performance of the manufacturing sector
and of the capital goods producing industries should
be analyzed, nct only in terms of their growth but also
of their ability to meet investment requirements of
voods of different levels of technological complexity.
The physical and technological investments made by
capital goods producers should be especially taken
into account and the size and importance of technical
departments in these firms should be pointed out.

Information on the degree of participation of
subsidiaries of transnational corporations in the
manufactuning scctor and in the capital goods
producing industries should be given, as well as
indications of the branches in which local firms are
predominant.

While for the manufacturing sector and the capital
goods branches the above data are needed in order to
have a proper understanding of the context in which
the case study is made, within the capital goods sector
attention should be focused on the branches where the
surveyed firms are included for studying the adoption
of new technologies. The focus of the analysis in
these  specific  branches should be on the
competitivencss of locally made products and the
factors explaining such competitiveness. Not only
wages of unskilled and skilled personnel are key
variables to be studiecd but also the pnces of
important  inputs  (steel,  foundry, electrical
componcnts, ctc.).

A relevant consideration in the analysis of capital
goods production 1s the type of production process
that prevails (ie. the size of the batches) and the
degree of product diversification of the capital
producers.

{c) The policy framework

In addition to the macro-cconomic framework in
which industry operates, it 1s important to point out
specific  areas that  may  influence  the  business
environment in which firms to be surveyed have been
operating.

If they are specific industry regulations promoting the
production of the voods in question through fiscal
and or  tinancial  incentives,  tantt and  non-tanff
protective measures, ctc., they have to be carcfully
considered.

It may also be the case that, due to restructunng
policies undertaken by the Government. the capital
goods branches 1n which the surveved firms operate
arc  strongly affected by changes in the policy
environment.

Even if no speaific industry regulations or restructunng
schemes are in force for the capital goods producing
industnes or for the branches using the machinery
made by such industries, general regulations govermng
the following should be taken into account:

1. Procurement of capital goods by

enterprises;

public

2. Tanff and non-tanff protection to imported
equipment and/or imported  parts  and
components, including tanff exceptions to imports
of capital goods when they are made by public
enterprises or by firms included in industrial
promotion schemes;

3. The degree of local integration of domestic
production of machinery and equipment;

4. Credit  facilities locally
equipment;

to purchase made

5. Fiscal facilities for undertaking research and
development activitics;

6. Direct foreign investment policies, including those
of export processing zones;

7. Relevant imports of intangible technology.

(d) Tramning and educational situation

The availability and quality of skilled peog = needed to
operate conventional and computerized equipment is a
key aspect to be considered. Information on the
cumculum of vocational schools, technical schools
and universities for the training of adequate personnel
to deal with the opcration, programme and
management of these techniques should be gathered.
Programmers, mechanical and clectronic technicians
for repair and maintenance and other skilled personnel
arc going to be nceded in any policy to foster the
introduction of automation technologies.  Although
leaming on the job is extremely important, there is no
doubt that the cducational system should play a key
role in this  arca. Scientists, engincers  and
management consultants arc also required for any
systematic effort in this field and their training and
retraining 1s an arca of utmost importance. Thus, it is
very important 1o obtain information on the country
situation in this respecet.
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2. The diffusion process of industrial
automation technologies at the enterprise
level

{a) General information on the enterprise

The following general information on the enterpnse
should be taken into account:

138

10.

Year of foundation of the firm as a manufacturing
enterpnise;

. Ongins of the firm (as a distributor of imported

equipment, as a repair and maintenance shop,
etc.);

. Juridical situation (family owned, joint stock

company);

. If it is a subsidiary who is the parent company? If

1t is a joint venture who is the foreign partner? If
it 1s a licensce who is the licensor, what are the
products made under licence and what features
does the agreement have (know-how, patents,
trademark, cxport restrictions, tied inputs, royalty
payments, duration, etc.);

. Total employment and employment by main area

(admunistration, sales, production, technical
department, research and development) and by
skill (unskilled workers, skilled workers,supervisors
technicians, engineers, programmers, ctc.);

. Total production and/or sales for domestic market

and exports; main orders; breakdown by main
product catcgory,

. Market share in the domestic markets for the

main product catcgories;

. Value (at insurance cost if possible) of the fixed

assets of the firm, divided in buildings and
machinery and cquipment;

. Brief desenption (hirdware and software), ongn,

year and value of acquisition of the existing
industrial automation technologies installed in the
enterprise; for comparative purposes, an indication
of the number of conventional machine tools that
exist in the enterprise and of the computers used
for different purposcs;

Specific  products  for  which  automation
technologies are used; size of the batch production
in which the products are made; frequency of
repeat runs;

. The extent to which the automation technologies

are linked to the other production processes in the
factories; islands of automation;

12

14

. Main customers of the enterpnise products; if 1t is

a subcontractor, the name of the contractor and
type of arrangement and its duration;

. Main competitors of the enterpnsc: tvpe of

competition prevailing in this specific market
(pnice. quahty, after-sales senvice): the extent to
which imported products play an important role
in the competition process;

Export performance and expenence of the firm;
products  with better export performance;
advantages of the products in terms of price,
quality, technology embodied in the export
market; main customers abroad: competitor firms
in the export markets.

(b) Reasons for adopting the technologies

The recasons for adopting the technologies should be
considered. These may include the following:

[35)

. The main specific reasons for adopting

The technology was adopted as part of a
reorganization or rationalization process camed
out by the firm or it was an 1solated decision;

cach
technology:

costs (of which
designers,  welders,

(a) Reduction in labour
machinists, draughtsmen,
painters, etc.);

(b) Lack of skilled personnel,

(¢) Quality and technical features (c.g. complexity,
precis . standards) of the product or component
that the technology is used 1o produce;

(d) Reduction in machining and designing tim=s;

(e) Changing and upgrading of the product mix
and  greater possibilities of product varety
(economies of scope);

() Reduced lead time;
(g) Dangerous or unpleasant tasks (for robots);

(h) Better management control of the production
process;

(1) To be aware of the technology for long-term
considerations

(1) Other reasons (specify).

. In addition to the existing cquipment, plans to

introduce  additional  technologies;  which

technologies and purposcs;

. Number of workers or technicians displaced by

the introduction of the technologies; reasons (if
any) and the cxtent of ‘abour displacement duc
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specifically to the application of the technolegy; if
the technology had not been introduced, would it
have been possible 10 keep the workers involved
in the production process anyway”;

5. If workers were not displaced but retrained, an
indication of how the retraining programme was
implemented and by whom; salary modifications
due to the lower skills needed for operating the
equipment in question;

6. New skills incorporated to deal with the new
technologies; previous training and the actual
training of the new skills; who took care of the
training and for how long; shortages of skilled
people for the new =chnology and which skills;

7. Wages for the new skills compared with those of
the previous employees operating conventional
equipment;

8. Person in charge of programming the equipment;
package software used; software adaptation,
modification and improvement; acquisition of
additional software packages t0 deal with the
scveral applications of the technology; handling
and management of software needs and updating;

9. Expericnce regarding the repair and maintenance
of the equipment (skilled people in the firm, by
specialized firms, by the vendor); actual costs of
repair and maintenance and companson with the
actual costs of reparr and maintenance of
conventional equipment; advantages or
disadvantages regarding repair and maintenance
when the equipment is made by a local producer.

{c) Assessment of the impact of the introduced
technology

Although it is very difficult to isolate the results of one
specific factor (the introduction of the technologies
under study) among various factors accounting for the
industnal and commercial  performance of an
enterprisc, an attempt should be made to shed light
on this crucial issue on the basis of the findings of the
country case study.

When these technologics are successfully incorporated
into the production process of the user enterprise, the
growing labour productivity and the ability 16 make
new products of good quality should be reflected in
the performance of the firm in the domestic and
export market. In other words, the adopting firm will
gain price and product competitiveness on the basis of
genuine technological and organizational changes and
will be ablc to respond in a flexible and quick manner
to market requirements.

However, although the technologies under study are
especially suited for producing in an economic manner
a varicty of goods made in small batches, the demand
for all the firm’s products has to be sufficient to pay
off the costs of the investment. Hence the question of
the market for the products made becomes a crucial
one that cannot be underestimated. It is for these
reasons that the peculiarities of the country
macro-economic and manufacturing situation have to
be specifically taken into account in asscssing the
impact of these technologies, including:

1. Preparatory work done for deciding the adoption
of the technology; feasibility studies made before
acquinng the technology; main conclusions;

2. How the specific equipment and the software were
chosen and by whom, once the decision to acquire
the technology in question was made;

3. After-sales service offered by the vendor;

4. Role played by customers or sub-contractors in
the decision to ntroduce the relevant technology
in a production process;

5. 1f a CNCMT was chosen instead of a
conventional machine tool, concrete cxamples of
the investment calculations assuming one- and
two-shift operation, the actually paid labour costs
and the costs of both machines and other fixed
investment.

Examples for investment in other automation
technologies should also be given if possible (¢.g. the
pay-off for introducing robots of CAD systems)

In cascs where these calculations were not actually
made, it would be interesting to learn why.

(c) Actual experience with the technologies
adopted

The actual experience with the adopted technologies
should be examined. This may include the following:

1. The crganizational changes made in the firm to
take advantage of the application of the
technology regarding;

(a) Factory layout;
(b* Methods and organization office;
(c) Quality control at shop and factory level;

(d) Management of stocks of
components and work in progress;

sparc  parts,

(¢) Relations with subcontractors;

(f) Product planning;
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(2) Design department;
(h) Other activities (specify);

2. Any specific computcnized system used mn the
activities mentioned above; external management
consultants or specialized personnel used to
introduce the required organizational changes;

3. Ex-post productivity gains achieved by the speafic
application of the technologics under study; time
nceded to achieve these gains;

4. The specific modification made in the software or
hardware of the cquipment and’or a beginning of
a process for integrating the various technologes,
with a view to achieving the productivity gains;

5. Gains other than the reasons mentioned above
obtained by the ex-post application of the
technology; ways in which gains were the result of
mtegrating the varnious technologies.

One way to assess the net effect-of the introduction of
these technologies in the same country framework is
to compare in the same subsector competing firms
successfully adopting the technology with firms that
have not made such a decision and to try to examine
their comparative performance in the domestic or
export markets.

In addition to assessing the impact of the introduction
of these technologics in successful cases and the
factors accounting for such a success, it is extremely
important to indicate the main factors accounting for
the lack of success in the introduction of these
technologies.

The findings of the survey will be very relevant in
pointing out the main areas at the enterprise and at
industry levels on which specialized technical
assistance should be given to facilitate the adoption
process of these technologics and the policy measures
best suited to promote an efficient adoption of
automation technologies in the cngincenng industries
of the countries studied.

Finally, on the basis of the findings of the case study
and information from distnibutors, an attempt to
forccast the future diffusion pattems of these
technologies in the country can eventually be made.
If the market for these technologies seems promising,
there will certainly be room for indigenous production,
an issue that should also be investigated.

3. Issues related to the production process to
be investigated in the field

In developing countries like China, Argentina and

Brazil (not to mention the Republic of Korea,
Singapore and India), some of these technologies are
already made by local companies, under licence from
fums based in industrialized countnies by affiliates of
foreign firms through their own design efforts.

Jacobsson (1986), Fransman (1987), Chudnovsky
(1985, 1988) have studied some of the issues involved
in the production of CNCMTs, including the
production of the CNC umt. No studics on the
development and production of robots and CAD
systems are available, though in Brazil at least there is
already some production encouraged by specific
government policies.  The picture is, however,
changing so quickly that further studies are needed to
have a good assessment of the situation, especially in
China, Brazil and Argentina, where production has
gained momentum, at least in the case of CNCMTs.
In other devcloping countries to be studied, it is very
likely that the issue of local production may anse as
well.

To encoucage local production of these iechnologies
will certainly mean higher prices (higher than those of
imported cquipment), at least in the short and
medium run, and hence it may hinder the process of
diffusion of these technologies among user industnics.
While in the short and medium run a conflict between
indigenous production and local diffusion may arise,
in the long run, when local production becomes
competitive, it will certainly facilitate a further
diffusion. However, even in the short run there are
certain bencfits that can compensate the higher prices
to be paid for locally made cquipment. The most
important bencfits that user firns may denve from
indigenous production of the relevant technologies are:

1. Better after sales services;

2. Better and quicker assistance for repair and
maintenance of the installed equipment;

3. Better facilities for personnel training;

4. Adaptation of the hardware and software to the
specific country situation.

Against these benefits (which should be verified at the
country level), the main costs may be higher prices,
less sophisticated equipment (though this could
sometimes be an advantage) and difficult access to the
latest technology.

These benefits and costs of indigenously made
cquipment versus those of imported equipment should
be discussed with the user firms interviewed in the
diffusion study, when there is of course local
production.




24
(5]

GENERAL TRENDS IN THE DEVELOPMENT AND IMPLEMENTATION OF CIM

Regarding the study to o made about the entry into
the  development  and  production  of  industnal
automation technologes in developing countries, all
the questions and tssues referred to above apply to the
producers of the equipment in question because i€ 1s
very likely that these firms themselves have already
incorporated these technologies.  In fact it would be
surprising to find  a local producer of these
technologies that has not used at lcast one of them
for designing or producing them.

The speaific issues to be further investigated among
firms producing in developing countrics are as follows:

1. How the technology is acquired and updated; if a
licence agreement 1s in force, it would be
important to lcam the details of the agreecment
(whether basic and detasled design s included,
whether hardware and sofiware 1s included, ctc.),
how the licensor was chosen and what was the
actual cxpericnce in terms of techrology transfer
of the mechanical and clectronic know-how. The
same questions apply in cascs of joint ventures or
subsidiaries obtaining the technology from the
foreign partner or forcign owner.

2. The role played by the Government in the
negotiation of the technology to be incorp-.ated.

3. If the technology was developed by the firm itsclf,
the human and financial resources involved; main
sources of inspiration (visits to fairs, requirements
of clients, imitation of importcd models); months
of design activity of scnior and junior personnel
required;

4. Source of hardware and software if not the
licensor or foreign partner;

5. In the case of CNCMTs. units used and their
source; an indication of whether suppliers of the
clectronic  units have local sales and trauning
offices.

6. 1If there is local production of the clectronic items,
the dctails of how these technologies were
obtained.

7. Degree of local integration for the mechanical and
clectronic parts; cvolution of production process
over time; government regulations regarding local
integration;

8. Extent to which domestic supplicrs for parts and
components cxist in the country or have been
developed to reach  higher levels of local
integration; the role played by the producing firm
in this regard.

9. In addition to the design skills, how the
manufacturing skills for producing the relevant

technology were acquired and developed within
the fim;

10. Minimum annual level of production for both the
mechanical side and the clectronic unit to reach
competitive prices for the final product; how far
from the mimmum lkvel the firm in question
started the production process and where it is
now,

11. In addition to rasing the level of production,
other ways in which the learming process in the
producing firm can be measured and assessed;

12. Extent to which the firm in question 1s subsidizing
with profits made in other lines of production the
entry into production of the relevant automation
technologies; an indication of whether there s a
government  subsidy for undertaking  this
production or whether if the acquisition of the
locally made equipment reccives a subsidy to
facilitate the purchase.

13. Price evolution of the equipment made locally
over time and rclative to conventional equipment;
how far the gap is vis-a-vis pnices of unported
cquipment;

14. Specific experience exporting the locally made
products; niche to be served by the firm; markets
of export successes; main sources of competitive
advantage in these products.

(c) Operational activities to implement the
work programme

The implementation of the country case studics and of
the consolidated report is not an easy task. It can be
roughly estimated that cach country case study will
require at least six months to be completed and the
consolidated report cannot be undertaken untl all
studics arc done. The consolidated report will require
nine months of work for a senior consultant with a lot
of experience on the subject and idcally one that has
alrcady made one of the country case studics.

Once the countnes to be studied and the consultants
to undertake the casc studies are chosen, it is very
important to have a mecting of all the people involved
in the project (including the consultant who will
prepare the consolidate report if he or she is not
already in charge of one of the country casc studics,
which is highly advisable), including the UNIDO
officials, to discuss in detail all the methodological
reasons for doing the country case studies and the
survey of the enterpriscs.

The first mecting should be convened once all the
consultants in charge of the studics have collected
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preliminary  information  on  the  diffusion  of
technologies to be studied, have a tentative hst of the
firms to be nterviewed, have made a pilot internview
and have a concrete proposal on the firms to be
nun'c_\cd.

In addition 1o discussing all the rlevant
methadologeal problems. 1t is important to decide in
the mecting which are the subsectors finally chosen to
allow further companson.

A second meeting should be called out once the first
drafts of the complete country case studies are ready
and evaluated by the consultant. On the basis of his
suggestions and those of the UNIDO officials working
on the subject, the second meeting will address the
tasks rcmaining to complete the case studies. At the
same time, an exchange of views should take place on
the policy issues found and on the successful and
unsuccessful expenences at the country level.

The last meeting should be convened to discuss the
first draft of the consolidated report and to receive
suggestions from some of the consultants participating
in the country case studies and from cxtemal experts
on how to finalizc the consolidated report.

The country case studies should be entrusted 1o an
experienced consultant (scnior industrial economist),
assisted by a part-time engincer in the selcction of
firms and in conducting the interviews and by some
junior staff collecting the data, in conducting the
interviews and preparing the report.

IIl. UNIDO TECHNICAL CO-OPERATION
ACTIVITIES IN INDUSTRIAL AUTOMATION

The work of UNIDO falls broadly under three

categories:

1. Technical co-operation with Governments in
developing countries (and through them with
industry).

(%)

. Studies, meetings and symposia in support of
industnalization, for example studies of industry in
a particular country or a particular sector such as
machine tools and CAD CAM.

1. Promotion of co-operation and investment in
developing countnies.

This section is concerned with the first and second of
these activities with UNIDO technical assistance 1n
the ficld of machine tools and CAD,CAM in
particular.

Technical co-operation in support of industnalization
involves the use of voluntary funds to assst a
government, or through the government an industnal
organvztion such as a manufacturer or industnal
supportanstitution.  The voluntary funds come from
donor countries, largely by way of the United Nations
Development Programme (UNDP), but increasing
directly to UNIDO wia the Industnal Development
Fund. Thése funds enable UNIDO, with the
govemnment, to draw up projects that mohulize
expertise, cquipment and services such as traning, to
solve an identified industnal problem. The size of this
part of UNIDO business is indicated by the total
value of UNIDO technical assistance in 1990: $130
milhon.

Assistance  specific t0 machine tool design,
development and manufacture, including applications
and tooling, falls within the responsibility of the
Engineering Industries Branch of the Department of
Industrial Operations of UNIDO. The type of
assistance is always determined by what the
Government wants. Generally this reflects the level of
development of the local machine tools industry.
More advanced countries looks to UNIDO for help in
upgrading production and use of
numerically-controlled (NC) and computerized
numerically controlled (CNC) equipment, and in
design and use of advanced tooling. Less advanced
countries want to improve the capabilities in building
conventional machinery, for example by increasing
local content. The examples below illustrate UNIDO
projects that help the whole industry by means of
direct assistance to governments, by support of a
national machine tool institution in the form of
planning and feasibility studies.  Other projects
directly assist manufacturers with specific problems, or
that focus on tool and die technology.

A. Direct assistance to governments

In China, UNIDQ assistance is directed at developing
and implementing programmes that inter alia will help
the Government modemizing a number of machine
tools manufacturing plants and foundry machinery
industry.

In Nigera UNIDO assisted the Govemment in the
preparation of a detailed techno-cconomic study for
the manufacture of conventional machine tools. Its
outcome was positive and lead to a decision to
cstablish a machine tool manufacturing complex for
conventional machine tools. However, UNIDO was
not required to participate in its actual construction,
which proceeded under technical co-operation among
developing countries (TCDC) arrangement with India.
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Under a bilateral collaboration agreement between the
Government of Nigeria and one of the largest machine
tool manufacturers in Asia, Hindustan Machine Tools
Intermational in India (IIMTI), India is providing
design and manufactuning know-how and training
national experts. The Government of India is
panticipating financially in an agreed production
programme involving a2 multimillion-doliar investment
in machinery.

B. Building up institutions

Hindustan Machine Tools Intcraational in India
manufactures many different types of machine tools
under license. Its management decided in the early
1970s that there was a requirement for research and
development work, design and prototype manufacture
to be cammed out by an independent institute. Thus
CMTI, the Central Machine Tool Institute was
established and with it a co-operation with UNIDO
that so far has lasted 15 years. During the Institute’s
establishment and implementation UNIDO assistance
was fumished in areas such as applied metaicutting
research, analysis of mechanical structures of machine
tools, utilization of CNC machining techniques, and
CNC training for users from industry. CMTI also
introduced CAD/CAM  techniques and their
application in industry.  Further assistance from
UNIDO is new being discussed for introduction of
CIM in CMTL

Another institution-building  project, for the
Democratic People’s of Korea, was successfully
completed at the end of 1987. As a result the
country’s industry now offers third generation
equipment featuring its own control system. Pror to
the project, the Democratic People’s Republic of
Korea manufactured conventional machine tools such
as various type of lathes, milling machines, radial
dnlling machines and grinding machines, at a rate of
approximatcly 6,000 machines per annum. This
capacity was traditionally a key export item and
foreign exchange eamer. With the introduction of NC
and CNC machine tools the sale of conventional
machinery dropped, however, and it became essential
to devclop a national capability to design and
manufacture NC machine tools. To that cnd,
UNIDO provided assistance to the Institute of
Controlled Machines within the Academy of Science
over a few year period. UNIDO supplied, installed
and commissioned cquipment valued at $1.5 million,
organized 250 w/m of fellowship training and provided
77 wm of expert services.  UNIDO trained the

national counterparts of the Institute at all levels,
enabling it to transfer its acquired know-how to
industry with a view to modemizing the local machine
tool manufacturing programme.

Institutional-building of a different sort was camed
out in Indonesia, where the machine tool industry is
still in the infant stage. The machine tools produced
(mainly by assembly) are of conventional type and
useful for traming and light machining repair pt.- poses.
P.T. Pindad in Bandung has licences for centre lathes
and milling machines; P.T. IMPI, the other public
enterprisc situation at Cilegon, has a collaboration
agreement  with  Mondiale of Belgum for
manufacturing conventional lathes. The local
manufacturing content of both of these manufacturers
is only about 50 per cent. Imported components
include lead screws, hardened and ground gears, main
spindles, clutches and precision engincering parts. In
addition to these two major machine tool
manufacturers there are  seven  very  small
manufacturers producing small dniling machines and
press brakes, some of which are somewhat inferior
copies of simple machines.

It was 1n this context that Indonesia recently created
the Machine Tool Association (ASIMPI). Together
with UNIDQ, it now intends to establish within
existing premises an  autonomcus Machine Tool
Design and Development Centre for the benefit of the
Association.  Its objective is to increase local
manufacturing content, develop a local design and
manufacturing capacity leading gradually to indigenous
manufacture of more versatile machine tools. In this
phasc a number of national cxperts will be trained in
trouble shooting, identification of machine tool user’s
problems and providing solutions.

Some institutional building is likely in China, where
the Government is presently explonng the possibility
of seeking UNIDO assistance aimed at building up the
capability of the Beijing Numerical Control Technical
Development Centre at the Beijing Machine Tools
Research Institute to develop CNC systems that suit
China’s conditions.

Some institution building is likely in China, where the
Government is presently exploring the possibility of
UNIDO assistance aimed at building up the capability
of the Beijing Numerical Control Technical
Development Centre at the Beijing Machine Tools
Research Institute to develop CNC systems that suit
China’s conditions.




COMPLTERANTEGRATED MANUFACTLRING

i
w

C. Direct assistance to enterprises

China is also sccking direct assistance to individual
machine tool works wishmg to build up their
capabilities in modular design, development of a CNC
control unit for machine tools, strengthening the
foundry machine industry, use of independent
manufacturing islands, NC turmret design  and
technology.  Substantial preparatory work  with
UNIDO involvement was carried out.

Assistance in the introduction of modern machining
techniques through the development, manufacture and
application of modern tools and dies is rendered by
UNIDO through the establishment of appropriate
mstitutions/or through existing institutions factones.
Such assistance is being presently rendered on a large
scale to the Engineering Design and Tool Centre in
Ethiopia, and on smaller scale to a great number of
countnes.

Since the mid 1970s UNIDO has been assisting (via
de Government of Trinidad and Tobago), the Mectal
Industries Company (MIC) to develop a local tool
design and tool manufacturing capability. UNIDO
provided sophisticated conventional tool-making
machinery and rclated expertise to create a
well-qualified local cadre of engincers and technicians
within MIC. By means of extension services and
training, this benefits local industry. More recently
MIC recognized the nced for boosting its capabilities
for moving to a higher level of sophistication utilizing
CAM and CNC techniques for tool design and
manufactuning via UNIDO. MIC has acquired
equipment, such as a CNC bonng and mulling
machine (Maho MH 100 ¢;K), a CNC electro-erosion
wire-cutting machine, a mini-computer with work
stations. UNIDO will also provide the expertise and
training to properly utiize and maintain this
equipment.

In China, special assistance has been sought from
UNIDO in the field of fine blanking technology in
order to make better use of capital-intensive fine
blanking presses already installed in a number of
enterprises, which are underutilized and are currently
producing inferior precision parts and components.

In other context, at the recommendation of the Latin
American and Caribbean Group (GRULAC),
UNIDO is undertaking a Regonal Co-operation
Programme for the Industrial Recovery of Latin
America and the Canbbcan. In the framework of this
request, UNIDO has proposed to carry-out a special

regional programme for the capital goods industncs.
which should be onented to promots the
modernization of this sector.

The establishment of a Regional Programme on
Industrial Automation of the Capital Goods Sector of
Latin Amenca will permit to the pnvate sector
counterparts to:

1. Sct up a capacity in the countrics to provide direct
technical assistance and specialized professional
services to enterprises which decide to introduce
avtomation technologies, strategic management,
and total quality control systems;

2. Provide decision-makers in enterpnises at different

levels of the public and private sector with the
necessary information for a rational automation
policy through:
(a) Knowledge of the technical requirements for
upgrading the capital goods industry, to improve
the use of installed capacity and increase
productivity;

(b) Knowledge of the impact of industrial
automation on specific branches of the capital
goods industries with particular emphasis on the
implications for traning human resources,
management skills and know-how requirements.

The objective of the Regional Programme will be to
foster development of the capital goods industry in
Latin Amenican countnes through an adequate and
programmed introduction of industrial automation
technologies, strategic management, and total quality
control. This requires the formulation of sound
strategies and policies to create the necessary domestic
capacities in the form of human resources and
managerial capabilities.

The Regional Programme will consist of onc unit of
administration and the following four
sub-programmes:

1. Entreprencunial advice;
2. Training;
3. Institutional support;

4. Studies and promotion of
development.

research and

Specific outputs at the regional and national levels will
be obtained. The Regional Programme is onented to
the private sector organizations of the capital goods
industry in Latin American countrics.
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D. Studies and reports

A study focussing on the technologeal requirements
for the machine tools industry i developing countnies
was prepared for a meeting on production and use of
machine tools mn the crancering indusiry of
developing countnies of the Feonomic and Social
Commission for Asia and the Paafic (FSCAP). This
was jointly organved by UNIDO and the
FESCAP UNIDO Division of Industry, Human
Settlements and Technology, and held in Singapore in
November 1986, That work, subscquently issued n
the UNIDO Sectoral Working Paper Series, focussed
on the technological requircements in  developing
countnies for entry into the machine tools industry. It
covered the cntena for sclecting machine tools, the
inputs, required, designs and standards, license deals,
human resources, repair and maintenance, the
cconomics of machine tools and a strategy for forming
a machine tool company. It also eclaborated the
technological requirements and the possibiliies for
upgrading the exsting machine tool industry in
developing countnies.  For example, the feasibility of
upgrading was found to depend on the basic
configuration, the primary drive-speed selection, axes
operation and accuracy and the economics involved.
In addition to the cnormous advantages, the study
underlined the enormous difficultics facing developing
countnies in catching up in the field. Its
recommendations included drawing up a market plan,
establishing a  Government-level working party
representing  finance, industry and cducation in a
classic delta system of project management, making a
skills audit relative to CNC machines and computer
aids such as CAD/CAM, sctting up a modular pilot
scheme compnsing several modem CNC machines
and their associated computer-aided productive
systems. Planned improvements should be
implemented under a formal project management
team. It was pointed out in the study that good
project managerncnt was expensive but rarely as
expensive as a failed project.

Recent UNIDO  publication entitled  Plunninz  and
Prograrmming the Introduction of CAD CAM Sistems
- 4 Reference Guide for Developing Countries. presents
in a systematic way the factors that developing
countries should consider when deading to introduce
industnial automation technologies in the production
processes. mainly in the capital goods mdustry.

With the advent of the new technology assoctated with
CAD.CAM, the performance of small and
medium-size engineering  industies in many
developing countries has been remarkably enhanced
since the carly 1980s. In developing countnes, small
and medium-scale enterpnses have become aware of
therr  technological  deficiencies in turming  out
compctitive products with respect to product design,
cost and delivery dates.

The UNIDO publication presents three main topics
covenng:

I. The technological aspects of CAD CAM with a
description of the most advanced computer-aided
design  and  computer-aided  manufactunng
technologics explaining hardware, software and
systems including work stations, displays. plotters,
computers, data bases and nctworks;

. Evaluation of available CAD.CAM systems
through a detailed and clcar explanation of how to
compare systems and suppliers, the ramifications
of purchasing tumkey systems, how to determine
CAD'CAM nceds and how to prepare a financial
justification;

to

3. Management approach for implementation of
CAD'CAM  systems, with indications of the
changes at organizational level, and applications in
solid modclling, group technology,
computer-aided  process  planning,  artificial
intelligence, and personal computers applications
of CAD.CAM for the small mctal-working
industry.
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ECONOMIC ASPECTS OF FMS DIFFUSION IN THE WORLD

by I. TCHIJOV, International Institute for Applied Systems Analysis, Laxenburg, Austria

The flexible manufactuning system (FMS) 1s a key
clement of the CIM concept. It plays the main role in
the production process, undertaking metakeutting,
metalforming, joining, assembling and often quality
control opcrations. Other  CIM  clements,  like
computer-aided  design (CAD),  computer-aided
planning (CAP), computer-aided enmncening (CAL),
computer-aided logistics (CCAL), etc. supnort FMS
production processes and increase their efficiency, but
rot producing goods.

However, the efficency of FMS, or its economic
profitability, crucially depends on the use of these
supplementary clements (FMS environment) and their
compatibility with a system. Roughly speaking, an
FMS could be economically beneficial if 1t is installed
in an appropniatc place (niche) at the appropnate time
and is compatible with other computenized and
conventional clements of its environment. Naturally,
the system must be opcrated by personnel with
adequate skills. All of these aspects will be analyzed
in this paper, and in the context of an FMS diffusion
study bascd on the World FMS Data Bank (Tchijov
89,1)) (developed in HHASA’s CIM Project).

1. FMS DRIVING FORCES

When looking at the history of more than 100 ycars of
industrial production dcvelopment, one can clearly
follow the dialectics of major production methods. At
the first stage, the goal was to increase production
volumes of quite hmited numbers of goods (largely
primary goods), dictated by the need to reduce the
cost of onc-off umt production.

The main solution to the problem was perceived as
being through deepening the division of labor, where a
worker of relatively namrow  specialization  could
repeatedly ca. - out  the simplest  operations
demanding fow skills. Only the final opcrations —
asscmbling, qualiiy control, tuning, ctc. — were the
privilege of more highly skilled workers performing a
varicty of different and more complex operations.
This trend was accompanicd by standardization of
goods, production unification, growth in the number
of parts to be asxsmbled, and an increase in the
number of operations in final goods production.

Production was spread both in space and time.
Manufactunng industries were turning from umit to
scnal production and from senial to mass producuon.

By the middie of this century, these tendencies of
industrial production gave nse to numcrous new
factors, whose movements mevitably put an end to
such developments. First, the demand structure
changed. After primary nceds had been satisfied at
certain levels by the mass production of major goods,
the diffcrentiation process of demand for the vancty of
goods and mmprovements in thewr quality began.
Structural changes n demand and fashion called for
morc frequent changes in the design of goods.
Differentiation of goods production due to their
quality and other specific features grew. “Product
cycles are shortening dramatically. Car models, once in
production for 12 years or more, are now being
replaced every six years. Electronic gadgets no longer
remain in production for three years, but three
months” (Valery 87).

For example, Ford Motors produced one car modcl in
1915, three in 1953 and 13 in the mid-1970s. For these
13 modcls, five types of bodies and nine types of
engines were produced simultancously (Abemnathy 78).
Similarly, the number of vanants of BMW cars
increased by a factor of four over a five-year period
(1982-87) (Reitzle 89).

The shorter life cycle of goods demands a higher cost
of production lines re-cquipment. This is truc for
stand-alone machines, but is much more important for
fixed automation lines. ‘The growing cost of model
changes, combined with the statistically observed
decline of the economic bencfits of the change is
known as “Abermnathy's dilemma” (Abcmathy 78).
The introduction of FMS may help in reducing the
cost of modcl changes, and allow clcarer decisions on
the problem of product innovation.

Onc can observe such a trend in the production of
other consumer durable goods, and a similar tendency
i1s discemible in the production of industrial
cquipment. Currently, 60-70% of all metalworking
industrics output in developed countries is of a small
batch sizc, thus, a shift from “cconomy of scale” to
“economy of scope” becomes unavoidable.
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One of the factors which caused a rejection of the
concept of mass production has been demand changes.
These clarified the potential perspectives or advantages
of flexible industnal production.

At the same time, within the production itself, new
factors came into being, and brought to life a new
style of industrial production. One of the factors came
from the technological side. Unit cost growth took
place due to the increasing needs for intermediate
control when parts production is spread over space
and time. As the number of parts ‘n each car
increased to 20-30 thousand and their processing was
dispersed, the role of intermediate control and the cost
of providing the necessary quality of the final product
increased enormously.

The process of quality improvement as well as the
creation of products satisfying new customer needs
includes a fundamental internal conflict: “Every design
engineer would like to achieve a functional supenonty
and therefore often complex product, but the
production engineer ... wants to manufacture products
from components which are not too numerous and
complicated and which involve the simplest possible
assembly processes” (Rcitzle 89).

FMS facilitate smoothing these contradictions through
so-called “redesign processes” (mutual iterative
adaptation of product design and the technological
process), but also through providing appropnate
technological means for one-off production in the
multistep procedure of creation and testing of new
products. From the quality viewpoint FMS
implementation leads to higher product quality
standards and to a narrower quality spread.

Higher demands on product quality and technological
sophistication, which require the precise following of
technological process norms, as well as the need to
reduce the control processes and inventory costs, are
leading 1o the substitution of computer control for
human control. But only flexible equipment can
replace the flexibility and adaptability of human

beings. This means that qualty factors create an
additional possibility for flexible equipment with
computer controls to further penetrate industnal

production.

Finally, a third group of factors, which drives flexible

computerized manufacturing, 1s in the
socio-psychological sphere.  The tendency to the
diviston of labor, simplification of operations

performed by a worker and the introduction of mass
production, and conveyor systems, dctermined the
pace of operations and led to a growth in the share of
unskilled workers performing the simplified operations
repeatedly and monotonously.

From the middle of the twenticth century, a tendency
has emerged when the wages of employees engaged in
these productions grew rapidly. A dichotomy came
into view when unskilled (but unattractive) labor
became similarly paid (sometimes, even higher) as
complicated and skilled labor.

In an attempt to overcome these contradictions, in
some cases human labor in monotonously repctitive
and unattractive operations was replaced by
automated tools. This took place first in mass or in
large-batch production. However, in cases of small-
and medium-size batches or. technologically
sophisticated production, where decision or choice
making is important, automated tools cannot replace
the human being. Only flexible manufacturing can fill
this role.

The skill demands in operating new technologies are
very high, and personal responsibility increases owing
to the extremely high cost of human error. According
to Japanese data, 60% of all FMS failures are due to
operators’ errors, 25% to engineers’ errors and only
15% 1o tool problems (Sata 85).

The interrelations of the driving forces generated in the
process of replacement of mass by flexible production
are shown in Figure 1.
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Figure 1. Driving forces of computer integrated flexible manufacturing
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2. FMS DIFFUSION

The assessment of FMS diffusion in world industry
requires statistical support. That was why several
generations of the World FMS Data Bank were
developed within 1TASA’s CIM Project.  The first
version of the bank was based mamly on UN
information (ECLE 86) and (Darrow 86), and the first
analysts of the IFMS data bank was published in
{Tchijov & Sheinin 89).

L ater we were supplied with additional data from the
collaboration network of the project. Many additional
cases and figures were taken from scientific journals,
books, occasional papers, ctc. When the data had

been collected we asked national experts from ILASA's
external collaborative network to check the data. We
received many valuable comments and additional data
from colleagues and we should like to express our
appreciation for the support provided by V.
Ganovsky, B. Haywood, H.-D. Haustein. R.
Jatkumar, Z. Kozar, P. Lindberg, M.E. Merchant, J.
Mieskonen, S, Mon. M. Ollus, V. Rakhmankulov., J.
Ranta, G. Tondl and H.-J. Wamecke in the
development of the FMS data bank.

As a result, the fourth version of the bank (Tchijov
89,1) contains 880 FFMS installed in 29 countrics (see
Table 2) and descnbed with 33 indicators (the most
important of them are shown in Table 1).

Table 1

Number of cases with the main FMS indicators

Indicators Version 4 Share 1n total, %
1. Technical complexity (TC) 784 89
2. Product vanants (PV) 325 60
3. Batch size (BS) 259 29
4. Investments (INV) 314 36
S. Pay-back time (PBT) 98 11
6.1 cad time reduction (I.TR) 107 12
7. Set-up time reduction (SUT) 45 5
8. In-process time reduction (IPT) 90 10
9. Machining time reduction (MT) 46 5

10. Inventory reduction (INR) 53 6

I1. Work-in-progress reduction (WIP) 80 9

12. Personnel reduction (PER) 87 21

13. Number of MT reduction (NOM) 94 1

14. Productivity incrcase (PROD) 88 10

15. Capacity utilization increase (CAP) 84 10

16. Unit cost reduction (UCR) 68 8

There are several directions for FMS diffusion
geographical distribution, in-time diffusion, allocation
by industrics and application arcas.  Of course, the
geographical distnibution among 29 countnes in the

bank (sce Table 2) is not an cxact copy of the rear
diffusion, owing to a difference of availability of
information from the respective countries.
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Table 2

Geographical distribution of I'MS installations

Country Number of FMS installed Share, %
1. Austna 6 0.7
2. Belgum 6 0.7
3. Bulgana 15 1.7
4. Canada 4 0.5
5. Czechoslovakia 23 2.6
6. Finland 12 14
7. France 72 8.2
8. Fedcral Republic of Germany 85 9.7
9. German Democratic Republic 30 34
10. Hungary 7 08
Il. India I 0.1
12. Ireland 1 0.1
13. Israel 2 0.2
14. Ttaly 40 4.5
15. Japan 213 242
16. Netherlands 8 09
17. Norway 1 0.1
18. Poland 5 0.6
19. Romania 1 0.1
20. Singapore 1 0.1
21. Republic of Korea 4 0.5
22. Spain 2 0.2
23. Sweden 37 42
24, Switzerland 6 0.7
25. Taiwan, province of China 5 0.6
26. United Kingdom 97 11.0
27. United States of America 139 15.8
28. USSR 56 6.4
29. Yugoslavia 1 0.1
Total East 138 15.7
Total West 742 84.3
Total 880 100.0

It is obvious from Tablc 2 that there are two leaders
among the countrics — Japan and the United States
of America (24% and 16% cof the total FMS
population, respectively). The second group includes
those countrics with a share of 5-11% - France, the
Federal Republic of Germany, the United Kingdom
and the USSR. Czechnslovakia, the German

Democratic Republic, Italy and Sweden own 2.5-5%
of the total FMS population each. Tre share of the
USSR looks undesestimated due to a lack of
published data. The share of all other 19 countries is
10% of the total. Figure 2 shows a corrclation
between the number of FMS installed and the gross
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national product (GNP), mecasured in billions of US
dollars.

As is shown in Figure 3, 80% of the 755 systems
(where yvear  of installation was reported) wers
installed in the 1980s. In reality this share is even
higher, as the main sources we used were prepared in
1956-1987 and the mmformation on the systems
installed in 1986-1988 is incomplete. According to our
cstimates, the total FMS population in the world was
around 1000 in 1988 and more than 75% of all FMS
in the world are now less than five years old.
According to our forecast, the world FMS population
will reach 3000-3500 units in year 2000 and it will
grow mainly owing to thc widening of the “user’s
club” and to new areas of application (assembly,
continuous processes, etc.).

The FMS distnibution by industnies shows that about
half of the systems are used in the transportation
equipment industry, mainly in car and tractor
production and in acrospace. The second main uscr is
non-electrical machinery, mainly machine-tool
building, and the third one is electrical machinery.

The technological processes in car components, large
clectrical machines, and machine-tool production, are
very similar. This is why there are only two aggregated
industrial sectors shown in the bank:

1. Transportation cquipment, non-clectrical mach-
inery, large electrical macuines (INDI);

2. Electronics and instruments (IND2).

Approximately 90% of 870 FMS are allocated in the
first scctor and only 10% in the sccond. The share of

the latter reaches 16% in Japan (according to MITI
88 — 18%). But the process of the real FMS diffusion
in the second sector began only in 198283.

On average, 76% of FMS are involved in machining
(metal-cutting)  processes (APP2), 8% in
manufacturing (non-machining processes, like plating,
combination of different processes like machining and
assembly) (APP1), 8% of FMS form metal sheets
(APP3) and the other 8% are used in welding and
asscmbly (APP4+ 5).

For the systems installed in IND2, the shares differ.
Only 24% are used in machining, but 29% in
metal-forming and 32% in welding and assembly.
Chronologically, assembly FMS as well as combining
machining and assembly processes appeared much
later than pure machining systems, but the growth rate
of the former was higher, on average, during later
years than the growth rate for FMS as a whole (sce
Figure 4).

It means that the future growth of FMS technologies
will be based not only on the spreading of their
implementation in traditional niches (mectal-cutting
and metal-forming) but on a rapid growth of new
niches (assembly and manufacturing), and especially in
electronics and instruments.

In reality, the total FMS population is a “mixed
salad” including systems of different technical
complexity, producing different types of parts by
different modes. As a result, they have different
economic advantages (lower cozt, Litzher flexibility
etc.). The figures given in Table 3 demonstrate
examples of FMS wused in different areas of
application.
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Number of IMS

Figure 2. Number of FMS installed

versus GNP by main countries
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Table 3

The average FMS characteristics by areas of application

Indicators APP2* APP2 APP3 APP4+5 Total
Number of NC-machines (NCMT) 3/10 6.9 39 18 7.1
Number of robots (ROB) 1-2 31 1.7 29 6.8
Technical complexity (TC)** 3 44 19 94 46
Operation rate (OPR) 3 2.7 23 24 26
Number of unmanned shifts (UNM) 1 1.0 0.8 1.6 10
Number of product variants (PV) 1-50 163 1138 88 216
Batch size, units (BS) 1-50 207 ) 324 188
Investments, $US mill. (INV) 2/16 5.7 31 59 56
Pay-back time, years (PBT) 3 38 3.1 36 38

Change by a factor of:
Lead time reduction (LTR) 2/10 5.1 9.5 10.1 54
In-process time reduction (IPT) 2/10 7. 40 41 59
Inventory reduction (INR) 2/4 39 see A 42
Work-in-progress reduction (WIP) 2 3.7 oo Aadd 40
Personnel reduction (PER) 2 42 1.8 41 39
Number of machines reduction (NOM) 3 40 A o0 41
Floor space reduction (FLS) 2 31 1.7 22 28
Capacity utilization increase (CAP) LS 1.8 hidd A 1.8
Unit cost reduction (UCR) 1.3 1.7 24 24 1.8
i A peak of the FMS distribution over the indicator. Slash means that there are

two peaks in the distribution.
i Index TC = 0.7 MC + 035 NC + 0.3 ROB + 0.3 TRT, where: MC — number of

machining centers, NC — number of other NC- machine tools, TRT — type of
transportation system (1 or 2).

il Number of observations is not enough for averaging. As the average figures
are more or less shifted due to the presence of several untypical FMS in the samples, to
present a “portrait” of a typical FMS it is reasonable to take the distribution
estimates (APP2*) into consideration (Tchijov 89). To analyze some temporal tendencies
in changes of typical FMS figures the whole sample was clustered into several subsets
(generations) according to the years of installation. Thus, the analysis will be based on
a comparison of average figures for each generation.

One can observe that metal-forming FMS (Ai’P3)  operation rate, batch size, investment cost and
have a lower average number of NC-machines, a  pay-back time. They have higher numbers of product
lower technical complexity index, and a lower  vanants and lead-time reductions. On the other hand,
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welding and assembly FMS (APP4+ 5) both contain
more NC-machines and industnial robots. They are
also used longer in unmanned regmes. for production
of smaller numbers of product vanants, but by larger
batches. and with very high lead-time reductions.

In order 10 avord mixing different types of FMS
applied in different arcas in the analysis of dynamic
tendencies descnbed below, we have chosen machining
systems and manufactuning FMS, wherc machining
processes dominate, as a background sample. In total,
there are 649 such systems in the bank where the year
of installation was reported.

The changes of technical complexity (TC) over time
are shown in Figure 5. One can observe a growing
tendency of the average tachnical complexity index
from 4 at the beginning, up to S in 1986, and a
certain decline afterwards. This result confirms the
information that today the main FMS vendors are
stmplifying FMS in order to standardize them and
make them more marketable and attractive for new
adopters. The same tendencies are demonstrated in the
United States and Japanese cases. The former passed a
technical complexity peak in 1986, while the latter had
passed it in 1983 (Tchijov 89.3).

Among the reasons for such a tendency in TC changes
is a distinct decline in the number of NC-machines per
FMS (NCMT), which is shown in Figure 5. At the
same time, the shar of machining centers in NCMT
is increasing, while the average number of MC in a
system looks relatively stable. For the FMS where
robot use was reported, a strong growth of the average
number per system was observable: from 1.3 to 3.0 for
the period. The share of FMS served by flexible
computerized transportation sub-systems increased
from 10% in the first half of the 1970s up to 60% in
the second half of the 1980s.

From the data analysis it- is possible to derive the
following conclusion. In the 1930s thc tendency
towards a higher technical complexity encountered a
number of obstacles. First of all, the experience in
FMS usage indicated that from the ecconomic
viewpoint some =xpensive sub-systems were not viable
and increcased the pay-back time. Sccondly, certain
limits to the growth of the number of machines are
connccted with hyperbolically increasing software
costs when the number of pieces under computenized
control is incrcasing. The third reason for TC
stabilization, or even decrease, is the growth of the
FMS world market. Highly sophisticated FMS could
be invested in and managed by big companies
sufficiently experienced in high-tech use. But in the

1980s many ncw FMS adopters came on the market,
and some of these were relatively small companies,
often subsidized by government organizations. Having
no expenence in FMS use, they demanded relatively
simple and incxpensive systems.

FMS investment cost (see Figure 6) was going up
until the beginning of the 1980s, then down and up
again in 1987/88. Roughly, it could be trcated as a
stable cost equal to $US S million. But the dcflation
of the indicator by the industrial equipment price
index shows a definite decline of FMS investment
costs from 4 to 1.7 million 1967 dollars. This process
1s a result of the growing sophistication of FMS until
the middie of the 1980s, compensated for by a relative
pnce decrease for its main elements, especally
computer hardware.

In order to avoid disturbances in flexibility averaging
caused by several cases where extremely high PV and
BS values were reported, these values were restricted
to 1000. After these changes, we obtained some PV
fluctuations in time, but around a honzontal axis at a
level of 120 product vanants. A certain increase of
FMS flexibility over time is demonstrated by a
decrease of the average batch size, as well as by an
increase of the PV/BS ratio (see Figure 7).

The relative FMS advantages were reported in a
minority of the cases in the bank. This is why we are
able 10 assess the trends only for aggregated time
intervals. Results for the selected indicator are shown
in Figure 8.

The really strong growth in lead-time (LTR) and
work-in-progress (WIP) reductions, when FMS
replaced conventional technologies, is clear especially
from the beginning of the 1980s. Finally, FMS
implementation led to fead-time reduction by 80-90%
and to WIP reduction by 75-80% in 1985-1988.

Definite positive tendencies are demonstrated for fixed
capital indicators, namely the number of machines
reduced and an increase of capacity utilization. The
analogous figures for the personnel and floor space
reduction do not show any increase of the indicators
in time. The results stress the relatively low
importance of floor space saving in the total cost
reduction. Labor saving was more important when
the first FMS were installed. That was why their
implementation provided personnel reductions by a
factor of 4-5. Later this dnving force played a less
important role, and the cost of a further increase of
the indicator made additional labor saving
unreasonable.
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Figure 4. Trends in FMS distribution by

areas of application (APP), %
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Figure 6. FMS investment trends (M.US$)
INV- in current, INV67- in 1967 prices
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The unit cost reduction (UCR) is more moderate by
nature than the above-mentioned indicators, but a
certain tendency towards growth of the indicator is
observable. In the 1970s, the cost of a unit produced
by an FMS was 80% of the cost of the same unit
produced by a conventional technology; later it
dropped to 50-65%. As a result of FMS development
and improved usage, especially connected with better
management, the pay-back time displayed a distinct
tendency to decrease: from 4.1 to 3.5 years (sce Figure
8).

FMS diffusion expanded rapidly in the 1980s, and new
industries  (electronics,  instruments) as  well
non-traditional areas of application (assembly,
welding, EDM, plating, ctc.) have become new niches
for FMS implementation. Nevertheless, the majonty
of the current FMS population is installed for the
traditional machining of prsmatic case-type or
rotational parts in non-clectrical and electrical
machinery, as well as in transportation equipment
production.

Each new FMS generation has had a higher technical
complexity than its predecessor, duc to more
machining centers and robots included in the new
FMS generation. This has been supplemented by
more intelligent transportation, storage and inspection
systems. This was a natural way of technological
development until the middle of the 1980s.

After the peak, a certain stabilization of sophistication
processes is observable. We find that one of the main
reasons for such a change is the following. At that
time FMS left the embryonic phase of their
introduction, when the main focus was on technical
problems. The first adopters had passed through a
leamning curve and FMS appeared on the market. The
FMS user’s club became w nd in this situation
economic, managerial and so.. sactors began to play
a much more important role in the success or failure
of FMS than technical factors.

Looking through the trends shown above, one can see
that there were two periods of significant
improvements of FMS relative advantages: at the end
of the 1970s and the beginning of the 1980s and in the
period 1987/88. The first wave could be explained by
passing through a leaming curve and coinciding with
the first period of mass FMS implementation. The
second one reflects a certain overcoming of software
and socio-manageral problems, though the latter still
exists in some companics and countrics.

3. INTERNATIONAL COMPARISON OF
FMS DIFFUSION

The FMS data bank now contains consuderable
information, cnough to make quite substantial
international comparisons possible. This can be used
in different ways: to make comparisons between
several leading countries, like the Federal Republic of
Germany, Japan, the United Kingdom and the United
States; and for the purposes of East-West
comparisons. More detailed companisons are available
in (Tchijov §9, 2).

It is fairly clear that, in general, technically complex
systems must cost more than the simpler ones, and
this is statistically confirmed by our data. But the
technical complexity (TC) - investment (INV)
relationship  depends significantly on the country
where the FMS is installed. For the main national
FMS users, we have obtained the lincar regression
between investment and technical complexity index
(shown in Figure 9). This result is also confirmed by
the data, showing that Japancse FMS have a
development cost approximately 0.4 million yen lower
than comesponding systems in  other countries
(Furukawa 86).

The relatively high investment cost of United States
FMS could be explained in four ways (sce also
(Akamatsu 88), (Baranson 87), (Furukawa 86),
(Jaikurnar 89), (Merchant 85-88), (Yamashina, et al.
89)). The first reason is connected with different
systems of calculation. FMS in the United States are
usually bought as tumkey systems, while in other
countries some of the investment components are
covered within the company (e.g. software or
supporting sub-systems development) and are not
included in the investment cost.

The second reason is the installation strategy. Japanesc
companies spend up 1o two ycars over cxtremely
careful pre-installation planning, choosing optimal
FMS architectures and future operational modes. The
systems are usually started from a zero level and
conscquently are compatible with thc enterpnsc
environment, while in the United States some FMS
were intcgrated into existing infrastructures and
production processes.

The third reason is connected with the use of
extremely cxpensive FMS by military-oriented giants
of the United States and United Kingdom industnces:
1TV, General Dynamics, [.ockheed,
McDonnell-Douglas, British Acrospace, Rolls-Royce.
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The fourth reason is the use of different automation

policies.  One of the man dnving forces of FMS
installation in  Japan 15 the improvement of
competitive  positions  through  production  cost

reductions. In the Umited States, quahity improvement
plays a more important role. Its FMS arc more
expensive (having the same TC) owing to the high
share of in-process quality control systems. while their
use in other countnes is relatively rare.

Figure 10 shows that Japanese FMS have the highest
flexibility (measured as an average number of product
vanants (PV) batch size (BS) ratio). followed by the
United States, Federal Republic of Germany and
United Kingdom. Higher flexibility provides a larger
lead-time reduction, which i1s 20%, greater in Japan,
than in the United States, and about 50% larger than
in the Federal Republic of Germany and United
Kingdom. The super flexible and super inflexible
systems (PV/BS is more than 5 or less than 0.1,
respectively) demonstrate lower cfficiency indicators
than the FMS with medium flexibility (PV/BS =
0.1-5). This is true for lead-time, work-in-progress and
personnel reductions.

Among the relative FMS advantages, lead-time
reduction plays one of the most important roles n the
context of flexibility. The average figures for this
indicator, shown in Figure 10, display the highest
flexibility in the case of Japanese FMS. Lead time
was cut by a factor of 6.8. ‘The lowest record among
the four countnies was registered in the Bntish industry
(4.4), but even this figure might be regarded as a

considerable improvement. The higher flexibility,
measured as the ratio of a numbxr of product vanants
to the average batch size, comesponds to a higher
average lead-ume reduction.

The other FMS advantages, namely work-in-progress,
personnel, and umt cost reductions. are shown
Figure 11.  The highest advantages in WIP are found
in the United States FMS (by a factor of 4.5). while
the average WIP reduction rcached only 3.5 in the
United Kingdom and 2.3 m Japan.

The highest record in labor saving is demonstrated by
Japanesc companies. They reduced personnel, in
comparison with previous technology, by a factor of 6,
while United States companies reached only 4.7. On
the other hand, the reduction of the number of
machines is the highest in the Umted Stat by
approximately a factor of 8, while its main
competitors decreased the number of machines only
by a factor of 310 4.

The reduction in these different cost elements is finally
reflected in the unit-cost reduction (LUCR), and
average values of the latter for the four countrics are
also shown in Figure I1. Owing to the relatively
small number of national cases where the UCR value
was reported, the cross-country comparnison is not
considered very rcliable. The average reduction lics
between 1.5 in the Federal Republic of Germany (for
11 cases) and 2.5 in the United Kingdom (but for four
cases only). The ranking shown in Table 4 generally
reflccts the real situation in the main user countries.

Table 4

Ranking of main FMS users (1 = best)

Country TC PBT PV/BS wIp PER NOM LTR UCR
Federal Republic

of Germany 3 4 4 4 3 4 3 4
Japan 2 k] 1 3 I 2 1 K}
United Kingdom 4 1 3 2 4 3 4 1
United States i 2 2 | 2 | 2 2
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There are aboat 730 Wesern FMS and about 15300 The data avatlability as woll as average values of the
Eastern FMS in the data bank now, which makes  mamn indicators are demonstrated for Eastern and
East-West companisons statistically rehable in spite of  Western countries in Table 5.

the lack of some indicators in one or other sample.

Table 5

East-West FMS data comparison.

Indicators East West
Number of cases Average Number of cases Average

1. Number of machining centers per FMS (MC) 74 54 469 46
2. Number of NC-machines per FMS (NCMT) 119 85 635 68
3.  Number of robots per FMS (ROB) 40 5.0 186 7.2
4. Technical complexity index (TC) 123 50 661 4.5
5. Number of product vanants (PV) 88 199 437 149
6. Average batch size (BS) 67 183 192 127
7. Investments,$US mill (INV) 30 42 284 5.7
8. Pay-back timc.years (PBT) 29+ 48 69 34
Reduction by a factor of
9. l.cad- time (L TR) 21 29 86 6.0
10. In-process time (IPT) 32 3.6 58 7.1
I1. Work-n-progress (WIP) 17 33 63 4.2
12.  Personnel (PIER) 6l 28 126 44
13. Unit cost (ULCR) 14 1.6 54 7
Increase by a factor of
14. Productivity (PROD) 45 28 43 4.0
15. Capacity utilization (CAP) 20 1.8 64 1.8

d Mainly Czechoslovak installations
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In the technical complexity block (indicators 1-3),
Eastern FMS have a centain advantage, measured in a
greater average number of machining centers and total
number of NC-machines. The lower number of
robot; reflects a smaller share of assembling systems in
the Eastern sample. In total, the technical complexity
index is slightly higher in the Eastern countnes, but
the difference is negligble and much less than between
the main Western users.

The operation rate (2.4-2.6 shifts a day) and number
of unmanned shifts (0.9-1.0) are almost the same in all
the samples, but with regard to the flexibility
indicators (5 and 6) there is a difference between the
samples. In the Western cases, the average number of
product vaniants and also the average batch size is less
than in the Eastern cases. This could be interpreted in
the following way.

There are two possible areas for the replacement of
conventional technologies by FMS (for more detail,
sce (Ranta & Tchijov 90)). The first one is
small-batch production of a large number of different
products. The second one is big-batch production,
where several production lines are replaced by an
FMS. In the second case, the average batch size is
much higher, usually amounting to several thousands.
The share of the second type of substitution is much
higher in the Eastern countries. Generally, the Eastern
FMS are more flexible than the Western FMS in
terms of z higher number of product variants, but less
flexible in terms of larger batches.

The average costs of the Eastemn FMS are lower than
in the Western countries, but almost all the Eastern
cases giving investment data came from
Czechoslovakia. In spite of lower average costs, the
Eastern FMS demonstrate a longer pay-back time.
This could be explained by differences in pay-back
time calculation in Fastern and Western systems or by
a lower efficiency of FMS in Eastern countries.

The second conclusion is confirmed by the relative
advantage indicators for FMS (9-15). The average
lead-time and in-process- time reductions arc two
times lower for the Eastern countries, which reflects a
certain organizational lag behind the Westen
countries taking place at the shop-floor level. 1.abor
saving is lower for the Fastem industry. At the same
time, there i1s an almost cqual floor spacc,
work-in-progress and unit cost reduction, as well as a
capacity utilization increase.

Furthermore, the distributions of several indicators for
Eastern and Western cases were also analyzed. We

found that there are some differences in the
distributions b:hind the almost equal average figures
for some indicators.

For example, the share of simple FMS (with a TC of
1 to 4) 15 the same in both samples and 1s equal to
60%. In the Eastern countries the systems with a TC
of 3 to 4 dominate in this group (21%), while the
Western systems with a TC of 1 to 2 have the highest
share (22%). However, the main reason for a higher
average TC in the Eastern sample is its higher share of
the systems with a TC of 10 to 20 (7.5% versus 4.2%
in the Westerm sample).

As can be seen from Figure 12, the longer pay-back
time for Eastern FMS is due to the absence of cases
with a PBT of less than two years and to the
extremely high share of the systems with a PBT of
more than five years (all of the latter belong to
Czechoslovak cases).

Approximately 64% of the Western FMS produce up
to 50 product vanants. The analogous share of the
Fastern cases is only about 44%, but the share of the
Eastern systems producing more than 100 product
variants is above 56%, as compared with 36% in the
Western sample. The average figures are sensitive to
the difference between the shares of FMS producing
more than 1000 product vanants (7% of the Eastern
cases versus 3% of the Westemn cases). Some 12% of
the Eastem FMS (probably replacing conventional
transfer lines) produce more than 1000 parts per
batch, while only 3% of the Western systems have the
same production mode.

The higher average number of product variants in the
Eastem countries could be explained by a lower
average part complexity. As was shown in (Tchijov
89,1), the ratio of the number of machining centers to
the total number of NC-machines could be used as an
indicator of the part complexity (a higher ratio means
a higher complexity). This ratio is slightly higher for
the Western FMS.

Another example of the distribution analysis is shown
in Figure 13 — for personnel reduction. In this case
one could observe extremely high shares of the
Eastem systems with relativciy low reductions (60%
with a PER of 1-2). Alrost ali of them belong to
Czechoslovak cases. The main reason for this lagging
behind of the Eastern FMS$ in this indicator is the
relatively low share of the systems with a high
cfficiency. In only seven Eastern cases was the PER
reported to be more than 4.
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Figure 12. East—West comparison of FMS

distribution (%) over pay-back time

Figure 13. East—West comparison of FMS

distribution (%) over personnel reduction
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Draling with the indicator time trends we found some
differences between the Eastem and Western patterns.
A certain  growth of the NC-machine tools number
per FMS (NCMT) is observable for the Eastern FMS
after 1982, while this indicator looks rather stable in
the Western cases (see Figure 14).

The average Western I'MS cost had a slight tendency
to dechine (in money terms), while the Eastern FMS
cost was decreasing faster (sec Figure 14). Again, in
the pay-back time dynamics a certain converging
tendency takes place. After 1982 an average PBT
decrease i1s clearly shown for the Eastern sample in
contrast with a PBT growth for the Western systems.
We suppose that the first tendency could be explamned
by the efficiency growing from one FMS generation to
another. The second tendency, for the Western cases,
is probably connected with the growing share of FMS
equipped with more sophisticated supplementary
systems (transportation, storage and inspection).

The FMS of both East and West demonstrate a
growing efficency in terms of the sct-up time
reduction, but the Western curve 1s significantly higher
than the Fastern one. Western FMS installed after
1985 reduced sct-up time by a factor of 7 in
companson with their predecessors. Fastern systems of
the sanie generation reduced the indicator by a factor
of 3. The probable reason for this could be connected
with organizational or managenal factors.

Or the other hand, one can observe converging
tendencies in some indicators. such as personncl
reductions (sce Figure 14). An efficiency decline takes
place for the different gencrations of Western FMS in
contrast to the growing cfficiency of Eastern systems.
The values of the indicators are very close to each
other for the most recent FMS generations in both
samples.

The above analysis of the intemational comparison
allows us to draw some conclusions which are bascd
on statistical averaging and which consequently show
probabilistic features. Among tae users of FMS in the
world there are two clear leaders, Japan and the
United States. Each of these countries have more
than 200 FMS with a high average efficiency. These
are followed by four other important users — the

Federal Republic of Germany, France, the United
Kingdom and the USSR with about 100 FMS cach.
But the technical and economic records of these
countries are vsually lower than in the first two
countrics. though sometimes FMS mstalled in small
but experienced countnes, such as Finland or Sweden,
demonstrate signi‘icantly higher efficiency.

Some important differences in FMS use in the leading
countries exist. For cxample, the United States
systerr.s are more expensive than the others, even f we
take their higher complexity into consideration. But
their pay-back time is relatively moderate due to the
high efficiency of their use.

The Japanese FMS are more strongly onented
towards higher flexibility than those of the other
countrics, and they show the highest average lead-time
reductions. Japan is also the leader in FMS use in
more progressive areas, with 36% of the Western
systems installed in electronics and instrument
industries belonging to Japanese companics, and 31%
of the FMS used in assembling opcrations being in
Japan. The Japanese FMS also provide the highest
average personnel reduction, while the United States
FMS are lcading in the reduction in work-in-progress
and number of machines. The Federal Republic of
Germany is close to the leaders in technical
complexity, while the United Kingdom has a good
record in achieving pay-back time and unit cost
reductions.

The Fast-West comparisons show some advantages of
the Westem FMS in some efficiency indicators, e.g. in
reduction in in-process time, personncl and the
number of machines and, as a result, in pay-back
time. At the same time, Eastern FMS show results
almost equal to Westerm FMS with regard to technical
complexity and capacity utilization increase, as well as
to unit cost and floor space reduction.

The operation modes for the Eastem and Western
FMS are different. The first produce more product
variants but in larger average batch sizes. This could
probably be explained by the higher share of FMS
replacing conventional transfer lines in the Eastern
countrics.
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COSTS, BENEFITS, USER CHARACTERISTICS AND SUCCESSFUL
IMPLEMENTATION STRATEGIES OF FLEXIBLE MANUFACTURING SYSTEMS: AN
INTERNATIONAL COMPARISON AND SURVEY

by J. RANTA and I. TCHIJOV, International Institute for Applied Systems Analysis,
Laxenburg, Austria

1. INTRODUCTION

Flexible manufacturing systems are usually associated
with many bencfits, such as labor and capital savings,
decreased lead and delivery times, increased flexibility
and the ability to adapt to changes as well as
improved quality. Conventionally it has also been
thought that FMS play a role between semi-manual,
smali-batch  production and high-volume fixed
automation and transfer lines, being some kind of
mid-range systems which provide medium efficiency
and medium flexsbility (ECE (1986). Jacobsson et al.
(1988)).

However, the conclusions in the literature seem to be
rather contradictory. The benefits and the costs
associatcd with achieving the benefits are rarely
expressed. There are no clear data on how different
benefits are associated with each other and how the
benefits depend on the manufacturing and business
cnvironment.  Some studies emphasize FMS as a
possibility for small-batch production to achicve the
technological advantages of mass production (Ranta er
al. (1989b), Johnston et al. (1988)). On the other
hand it has been claimed that FMS is not feasible for
small-batch production at all (Kclley er al. (1988),
Darrow (1987)). Many case studies emphasize the
difficulties involved in making realistic cost-benefit
analyses and in assessing the economic risk associated
with poor design, undcrestimated costs and too
optimistic benefit assessments (Meredith (1987 a, b, c),
ECE (1986), Jaik'imar (1986), Ranta et al. (1988c)).

Morcover, the FMS applications are still technology
driven, i.e., the technology is not yet mature, there are
few standard systems, and a lot of customizing is
nceded to develop application-spectfic control and
communication software. All these add their own
components of uncertzinty and risk (Ranta (1989)).
Thus we can claim that the rcal situation is not so
easy and straightforward as stated in many optimistic
prognoses. Therefore we can expect that there are
many factors related to technology, application area,
implementation and design practice, as well as the
cultural and institutional environment, which explain

the uneven diffusion of FMS and many unmintended
impacts related *o production economy and business
strategies (sce Krafcik (1988), Leppanen (1989)).

In order to understand the diffusion factors of FMS
and how the conventional systems are substituted by
FMS, TIASA started to collect, for its CIM project,
cmpincal data on costs, benefits and relative
advantages as well as on the implementation and
design practice of FMS. The project was an attempt
to understand what the typical systems and user
charactenstics  were, how different  berefits  and
advantages were associated with each other, and hew
different advantages were dependent on the application
and the business environment. These basic analyvses
wouid then be used to understand the factors behind
successful applications and implementation practices,
they would also be used to project future applications.

Currently HIASA has data on 800 FMS in the world
and 60 thorough case studies in different countries.
These data can be used to analyse the charactenstics
of relative advantages and the ‘nterconnections among
the advantages. Technological charactenstics and
factors behind costs and benefits are then studied and
their role with regard to the bencfits and the type of
substitution of conventional systems is explained. We
are mainly interested in understanding and explaining
the impact of systems software on the costs and
application characteristics, and whether there ts any
empirical cvidence that softwarc and other technical
obstacles arc the factors behind the two typical
categories of successful systems. We are also
interested in assessing the typical benefits in different
manufacturing cnvironments, and how the benetits are
dependent on the way in which the conventional
system is replaced and on the goal of the system
implementation.  Moreover, we are interested in using
the case study data to cvaluate the key obstacles and
risks in FMS implementation.

The second part of this paper gives the background on
the project’s databases as well as on the casc studies
done for the project. The third part of this paper
explains the cost-benefit characteristics and  also
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describes tvpical substitution paths of conventional
systems. The fourth part of this paper looks at the
relationships between different bencfits, and the fifth
part of this paper explains different successful
iumplementation strategies.  The more comprehensive
statistical and economic data can be found in earlier
IIASA publications (Tchijov (1989), Tchijov et al.
(1988), Tchijov (1989a, b), Maly (1988), Ranta
(19892, b), Ranta et al. (1988a, b).

2. COST-BENEFIT INDICATORS AND
FMS DATABASES

In order to analyse achieved benefits and related costs
of FMS, to see how different benefits are interrelated
with each other, as well as to find possible regular
patterns and tendencies in benefits, a FMS database
was built up by the IIASA CIM project. This
database describes FMS by 32 key indicators, see
(Tchijov et al. (1988), Tchijov (1989a, b), Tchijov et
al. (1989)):

1. Identification and application data (company,
vendor, industrial sector, application data);

2. Technical data (number of CNC-machines, of
rotots, type of transportation, etc.);

3. Economic and operational data (investment cost,
number of shifts in use, number of unmanned
shifts, pay-back time);

4. Data on benefits and advantages

* Time reductions (lead time, set-up time,
in-process time, machining time)

* Capital cost  reductions (inventory,
work-in-process, number of machines)

* Productivity and unit improvements (labor
reduction, capacity increase, productivity, unit
cost reduction).

The data have been collected through public sources
and with the help of IIASA’s collaborators. The data
have been checked by our collaborators in different
countries.

As of March 1989, the database consists of 800 FMS
(sce Table 1). The number of systems i already so

high that it allows correlations to be made between
indicators and deprndencies and regular patterns to be
looked for between indicators.

In order to get a more detaled and thorough picture
and to support the statistical analys:s, the project has
conducted guided case studies on FMS
implementation.  The project prepared a framework
for a questionnaire and interviews, and the project’s
collaborators in different countnes have conducted
interviews with company managesrs, operators and
systems planners. The project now has 60 cases 1n its
database, describing technical charactenistics of
systems, investment costs and cost shares,
implementation goals, expected and achieved benefits,
organizational and work environment changes,
training and training methods, managenal, planning
and logistic issues of FMS applications. In total, the
questionnaire consists of more than 300 questions.
These questionnaire data can be used to test
hypotheses and verify conclusions drawn from the
statistical analysis (Maly (1988), Ranta (1989b)).

In the following sections these databases are used to
assess cost-benefit relationships, to describe typical
applications, and to draw conclusions on the
successful implementation practice.

3. ECONOMIC BENEFITS AND MAIN
APPLICATIONS OF FMS

Table 1 shows the estimated growth rate of the
cumulative number of implemented systems.

In the spring of 1989, it was estimated that there were
around 1,200 systems world-wide, which had at least
two CNC-machines or machining centers, automated
matenal handling devices and equipment, as well as a
systems level central control to co-ordinate and to
operate the systems as a whole. The growth rate of
the new installations has, in recent years, been around
20 per cent. If this growth rate continues, there will
be several thousand systems in the world by the year
2000; and even though a saturation of the Jiffusion
process and many application barriers are expected, it
is safe to say that there will be 2,500-3,500 systems in
use at the end of the century or a 15 per cent annual
growth rate of the FMS population in 1988-2000.
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Table 1.

Implemented FMS and future systems

High

Total Compact Efficiency
Year Number Systems System
1980 80 20 60
1988 1000 800 200
2000 3000 H 1600 2 1400 »
1) Estimated: The annual growth rate of the total number of FMS is estimated to be 15 per cent.
2) Estimated: The annual growth rate of compact systems is expected to be 12 per cent.
3) Estimated: The annual growth rate of high capacity systems is expected to be 20 per cent.

The future patterns for the traditional applications of
FMS (electical and non-electrical machinery,
transportation equipment, instruments and electronics
production) in industrialized countries are relatively
clear now. But the potential impact of new areas
(such as fumiture, wood, clothing) as well as new
potential countries in the total FMS population are
rather indefinite yet. This is why the forecast is
mainly based on the extrapolation of the current
tendencies and may be underestimated.

In any case, it can be concluded that the strategic and
the major part of the production of the metal-working
industries in the industrialized countries will be
produced by FMS or other cell-like systems.

A direct comrelation between the costs and the effects
(benefits) usually showed indefinite clouds of points,
or rather contradictory tendencies. This necessitated
the use of FMS subclasses to obtain a reasonable
correlation and explanations. Several variables were
used for classificadon: investments, industres of
application (machincry and transportation equipment
versus electronics and instruments), types of FMS
(machining, metal-forming, assembling, etc.) and in
some cases countrics, when we werc not quite sure of
the reliability of the investment or exchange rate data.

The FMS distribution over the investment costs
shown in Table 2 demonstrates that the total FMS
population can be divided into two large groups:
“cheap” systems costing less than four million dollars,

and “expensive” ones costing more than four million
dollars.

The distribution presented in Tabie 2 reflects, of
course, the technical complexity of the systems in
terms of the number of CNC-tools and the systems
control architecture. The analysis of the distribution
of the systems over the number of installed CNC-tools
indicates that the correlation exists. However, the
number of CNC-tools alone does rot explain the
investment cost distribution, we also have to look at
the systems architecture and software costs for the

explanation.

A typical compact, “cheap” system (see Ranta et al.
(1988b), Shah (1987)) consists of 2-4 CNC-tool or
machining centers, conveyor and/or automatic storage
and retrieval system and two robots for material
handling and has a programmable controller for
systems control. Usually the costs of the system are
less than 3M$ and the cost break-down is
approximately the following: CNC-machines 50-55
per cent, material handling and robots 15-20 per cent,
control, communication and other systems-level
software 20-25 per cent, planning and training 10 per
cent.

It 1s also typical that the systems architecture of the
compact system is closed so that it is hard to extend
and to add new features without major new
investments. This can also be a major economic risk
of investment. The technologies used for the system
realization, as c.g. programmable controllers or small-
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capacity  computers with a simple  communication
solution as well as limited capacity for transportation
and storage. make the system difficull to expand
economically.  Usuadly a major revision is needed as
well as a new solution for the systems control
Therefore the system can be called close — 1t has a
limited cxpandability and adaptability.  On the other
hand, the system has relatively low  starting
investments.

A typical large-scale, “expensive” system consists (sce
Shah (1987), Bose (1988)) of 15-30 CNC-tools,
antomated guided vehicles (AGV) and an automated
storage and retrieval system for matenal handling, a
local area nctwork and distnbuted microcomputer-
based cell and machine control systems and usually
two  VAX-type computers  for  co-ordination,
scheduling and database management. It usually has a
backup computer system to sccure the availability of
the system and advanced algonthms and a software
svstem for the co-ordination of the system. The
average costs are 10-15 MY and the cost break-down 1s
approximately the following:  CNC-machines 35-40
per cent, transportation and matenal handhling 15 per
cent, control and communication and other system
software 25-30 per cent, and planning and training
15-20 per cent.

It is also typical that the systems architecture is open
and systems can be extended m a step-wise manner
and new features can be added without a major new
design effort. Because of the technology used, there s
usually some reserve capaaity to expand the system:
some new features, like machining centers, more
AGVs. can also be added. The communication and
computer system provides support for such additions,
as common interfacing 1s used.  Of course, this open
system structure and expendability has been achieved
by relatively high starting mvestments.

Thus we can see also that the expanding svstems
structure will typically lead to an increasing software
complexity and a more complex control architecture.

We can call those systems, which are between these
two basic categones, mid-range systems. Typically the
wmvestment costs are between 3-8 M$ and the system
consists of 5-10 CNC-machines, and most hikely also
of automated guided vehicles for transportation. The
overall control 15 based on super-minicomputers and
the system may even have a local area network for
co-ordination and communication. The svstems are
relatively expensive, the total cost per CONC-tool rate
s quite high, but theirr cfficicncy lies only m the
mid-range.

Table 2.

I'MS distribution over investments (293 casxes documented)

Investments, in M. USS$

0-5 5-10 10-1§ 15-20 =30
188 68 17 17 9
64% 23% 6% 4% 3%
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Figurs 1a. Efficiency and investment costs of FMS

Relative advantages ———==
Pay-back 1ime aww ==
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la. .l
" Efficiency gap
- Total costs 3Ms —~ Total cost 10-15 MS
~CNC 50-55% —CNC 35-40%
— Material handling 15-20% — Transport + mat. handl. 15%
-~ Cont, commun. software 20-25% — Cont. commun. software  25-30%
— Planning + training 10% — Planning + training 15-20%

All these three basic categories also show different
cost-efficiency figures, which will be explained in more
detail below.

Table 3 and Figure la summarize the characteristics of
the system as well as the different cost-benefit figures.

These figures demonstrate a typical V-shaped form of
the relative bencfit mesures. Thus it seems that:

* the compact and small-scale systems have the best
cost-benefit ratio;

e the medium-range systems arc incfficient from the
viewpoint of their economic justification;

e only rclatively large investments and relatively
complex systems provide the same efficiency and

roughly the same cost-benefit ratio as the compact
systems.

From Figure 1b it may be seen that the increascd
capacity of systems and the increased complexity will
increase the systems cost/machining unit in a step-wise
manner. This is due to the need for more efficient
machinery when a certain level of complexity is
reached. In small-size systems it is enough to have a
compact-type matcnal handling system, like a
conveyor, and simple systems control based on
programmable logic. When the complexity increases,
a morc sophisticated material handling system is
nceded, like automated guided vehicles, and the
systems control has to be based on computers,
distributed databascs and integrating communication
systems. These changes in systems complexity tend to
change in a step-wise manner.
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Figure 1b. Technological factors of relative costs of FMS
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Table 3a.

The Typical Characteristics of Three Basic Groups of FMS

Costs, percentage of

Total costs CNC Material  System  Planning Number  Control

(mill:ons of handling Software Training of CNC architecture Algorithms
LS dollars)
A. Compact 3 50-55 15-20 20-25 10 2-4 Closed “Simple”
systems centralized  scheduling
1-2
B. Mid-range 49 40-50 15 25 15 5-15 Semi-open Complex
systems distributed  scheduling
2-3levels & tool
management
C. High 10-15 35440 15 25-30  15-20 15-20 Open Complex
capacity distributed  scheduling
systems LAN-based tool
3-4levels  management
& diagnostics
Table 3b.
Relative advantages of systems
Relative Pay-back
benefits ¢ time
A. Compact 3-7 1.5-3.5
B. Mid-range 1-3 5-
C. High capacity 3-7 1.5-4
¢/ Work in progress reduction, lcad-time reduction, labor reduction or

capacity increase, etc. The figure expresses the relative reduction factor x.
(17X - A) or relative increase factor x (x - A)
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Figure 2. Productivity over number of unmanned shifts
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On the lower end of the applications modest benefits
can bc achieved by a compact system and by low
investment costs. There are also many standard-type
solutions for the compact systems. This brings the
software costs down and improves the software quality
as well.  If the basic software is no longer customized,
but can be reproduced for many applications, the
costs of single software modules will drastically
decreasc, or ‘“scaled” down. Also the quality and
reliability of the single modules can be “leamed”
through many applications, which make the system
design and realization shorter and cheaper when the
standard structure is re-applicd.

On the upper end there are possibilities for substantial
savings and benefits, although the investment costs as
well as the complexity of the system are high. The
potential  bencfits usually justify the  higher
investments. The second factor, which generally
conforms with the use of complex systems, consists in

a real learning curve effect or economies of scale in
software production. Basically this is the same “scale”
and “learning” eifect as already explained in the case
of the compact systems, but for different reasons.

When the level which necessitates the changes in the
basic systems architecture has been reached, there arc
many possibilities to repeat (or simply copy) the basic
software modules and use the same basic modules in
different interfaces and in systems co-ordination and
timing. ‘The larger the scale of the system under
design, the more immediate are the benefits of
software repetitivencss.  This helps again with regard
to the high costs of customizing. The repctitivencss of
the basic modules of the software “scale” down the
unit cost and also help with “learning” to improve the
quality and to make the realization cheaper and
shorter. However, the increasing overall complexity of
the systems control and timing usually conflicts with
these trends.
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Figure 3a. Productivity growth (PRG) over batch size (BS)
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Figure 3b, Productivity growth (PRG) over technical complexity (TC)

4
35 .
3 = . .
2.5+
PRG 2 A
1.5
1
0.5
0 IR L L R N B e g
0 2 4 6 8 10 12 14 16 18




92

ECONOMIC AND POLICY-MAKING ASPECTS OF CIM

Figure 3¢ Lead-time reduction (LTR) over batch size (BS)
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The medium-scale systems are crtical from the
economic point of view. It might happen that a
sophisticated systems architecture based on distributed
databases and communication is needed, but the
potential benefits arc not high enough to justify the
system investments and the system complexity is not
high enough to draw the bencfits from the econoniies
of scalc cffects, however the software is fully
customized. This remark is also consistent with the
empirical data above, which show that compact,
small-scale systems and very complicated, large-scale
systems clearly have a shorter pay-back time than
medium-scale systems.  This also leads to the
following conclusion: a critical technical issue for the
future applications is the possibility of a module-type
control structure and a transportation device, which
allows for a soft extendibility of the system without
drastic architectural changes.

This problem can also be called a complexity
dilemma. The higher number of CNC-machines
combined with a large part family usually results in
such a complexity of systems co-ordination (c.g.,
routing, scheduling, tool management) that high

software and planning costs cannot be avoided. The
only way to get the rclative costs down 1s with a
modular systems structure and standardized software
modules. The benefits of standard systems structures
are alrcady clearly visible in compact systems. [t 1s a
common practice that the same basic system layout
and architecture is usable in many applications,
providing lcaming curve advantages for different
applications, as explained before.

‘Thus, if there arc no real technical breakthroughs in
realizing systems controls and all-over architectures,
which guarantce module-based design of systems and
an casy cxtendibility, it is reasonable to expect that the
basic diffusion paths of the flexible manufacturing
systems will be of the following two types: highly
cfficient, high-capacity, complex systems replacing
ngid transfer lincs, and, on the other hand, compact,
small-scale systems replacing conventional
semi-manual, NC-tool-based  production. The
economy anc applicability of the middlc-range system
will be highly dependent on systems control and
communication software as well as on flexible
transportation devices.
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Thus 1t 1s obvious from the previous discussion that
there are two basic implementation strategies of
flexible man:facturing systems:  highly  efficient
systems replacing transfer lines and fixed automation,
or highly flexible, compact systems replacing
semi-manual, small-batch production.

The starting point for the first implementation strategy
is ysually a fixed automation or transier line in the
mass production of a big company. The main goal is
to increase flexibility, save capital and decrease the
lead times as well as to cope with the changing
environment and demand in the future. As FMS is
replacing the highly automated lines, labor savings
play only a minor role in this case.

The starting point of the second implementation
strategy 1s usually semi-automatic or even manual
production in small or medium-scale companies. The
strategy is a simplc capacity increase and quality
improvement stratcgy, while sustamning the already
existing flexibility.

4. FACTORS BEHIND THE RELATIVE
BENEFITS

Above we have used technological factors and
application charactenistics to cxplain the differences in
the empirical data on apphlication and system cost
patterns. It is rcasonable to expect that these factors
will also be scen as explanatory factors for diffcrent
relative  benefits and for independence  between
different indicators. For example, it can be expected
that there are relationships in the statistical data
between increase of production capacity, productivity
growth, labor education, batch size, lead-time
reduction, technical complexity and investment costs.
Also, the V-shape of the relative advantage curve still
needs more cxplanation.  ‘The pay-back time and
general cost-benefit features can partly be explained by
technological factors and by investment cost
characteristics of the systems. However, for some
indicators, such as lead-time reduction, capacity
increase, etc., other explanations are needed to clanify
why these also follow a V-shaped form with regard to
systems complexity and investment costs.

In order to support the analyses, a special indicator
describing the technical complexity (TC) of FMS has
been formed.  Of course, it is difficult to obtain a
universal mceasure  for complexity, reflecting  the
mechanical part of the systems, the software and
control structure as well as the Jayout of the system
However, in the database there exist several indicators,
which can be used to measure complexity (Tchijov et
al. (1988a), Tchijov (1989a)).

Among them are: the number of machining centers
(MC), the number of NC-machine tools (NC), the
number of robots (ROB), and the types of
transportation (TR), storage (ST) and inspection
(INS) systems in the FMS. The last thre= vanables
were indicated as dichotomic: (1) fco simple systems
and (2) for sophisticated ones (Tchijcv et al. (1988b)).
The following formula was found by statistical
analysis (Tchijov (1988)).

TC = 0.7 MC + 035NC + 03ROB + 031TR

This distnbution shows that 58 per cent of the cases in
the FMS sample set can be treated as rather simple
systems with a TC of less than four. 36 per cent of
the FMS are in a middle range and their technical
complexity is between 4 and 10. And only less than 6
per cent, or 18 systems, belong to a techmically
complex type with a TC of more than 10. According
to this analysis (we should like to remind the reader
again), a most typical FMS includes 2-4 machining
centers, or 2-7 NC-machine tools (including MC), and
60 per cent of 64 IFMS, where the use of robots was
reported, have 1-3 industrial robots.

Increase of productivity and production capacity are
two possible indicators, on which the above explained
two main categonies of systems have an impact. Thus
the relative capacity incrcase can be expected to be
higher in the case of compact systems than in the case
of complex systems. It can also be expected that the
labor reduction will only partly explain the
productivity increase.

From the statistical data it can clearly be seen that
there is a tendency for the increase of the capacity to
be higher in the case of small and compact systzms.
This gives some cvidence 1o the hypothesized dnving
forces of different applications.

It is, of course, interesting to try to explain the factors
behind capacity increase. The only conclusion we can
make on the statistical rate is that the capacity increase
is not necessarily explained by productivity growth.
On the other hand, those few cases for which data on
the operation rate (the number of shifts in use) and
unmanned operation are available show a general
tendency: the hizher the operation rate, the higher the
capacity increase scems to be, and the higher the
number of unmanned shifts, the higher the capacity
increases. In gencral we can conclude that there arc
more than two (2.5) shifts in use and all the detailed
cases (60) so far investigated indicate that all casc
study systems have gained at least onc additional shift
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in use (on the average 1.2). This means that the
utllization rate of the production system has, on the
average, increased from 50 per cent (pre-FMS) to 83
per cent (FMS).

This fact might indicate that the improvement of the
utilization rate could be a cntical factor behind
capacity increase. The same tendency also exists
between productivity and operation rate, as well as
between productivity and the number of unmanned
shifts. Thus, apart from the technological
innovations, the organizational innovations play a
cntical role in guaranteeing an exploitation of the
system’s possibilities.

It is also understandable that the transformation from
the semi-manual and functional production to the
automated and ccllular production has more potential
for capacity increase or for mmprovement of the
utilization rate than the transformation from highly
automated transfer lines.

The above conclusion can be even more strongly
supported. If we analyse pay-back time over
opcration rate and number of unmanned shifts. it can
be concluded that the operation rate alone does not
cxplain the high benefits. It is necessary to combine
the use of unmanned shifts with a high operation rate
to achieve cconomic benefits (sec Figure 2).

The productivity growth is highly comrclated (ncarly a
lincar dependence) with labor reduction, lead-time
reduction and sct-up time reduction.  This proves that
the management of time or the unit time productivity
1s morc cntical than the classical vanable costs. This
1s understandable in view of the high fixed capital
costs (sce Jaskumar (1988), Ranta er al.  (1988¢), Stalk
(1988)). Also, the better the lead-time reduction, the
shorter the payback time.

It 1s thus well understandable why FMS can be a
sucvessful strategy for capacity increase in 2 small-
batch production, because. agair  through the
organizational and system changes, there will be more
room for lead-time reduction and a gain in capacity
than in the case of transfer lines.

However, there are some very interesting relationships.
Productivity growth over batch size and technological

complexity is presented in Figure 3.

Figure 3a shows that a small batch size will result in a
high relative increase of productivity. At first sight
this scems to be contradictory to conventional
thinking. Also, Figure 3c shows that a small batch
size seems to result in a high lead-time reduction.
Figure 3b also shows that the compact systems (low
technological complexity) tend to have a higher
productivity increase than highly complex systems.

How can this be explained? One explanation is that
the compact systems are used to replace semi-manual
production mn order to increase the production
capacity and to reduce the lead times of the
production. The complex systems, on the other hand.
arc used to replace high capacity transicr lines in order
to provide flexibility and capital savings. Therefore,
since a small batch size is connected to small-scale
compact systems, a small batch size is usually also
connected to productivity growth and lead-time
reduction.  Thus the small and compact systems scem
to keep their flexibility and complex systems are
looking for flexibility. An interesting case is. however,
the md-range systems. They scem to be
medium-capacity and medium-flexible  systems.
Furthermore, the large batch sizes are typical of these
mid-range systems. This 1s also i agreement with
above presented cost-cfficiency figures and pay-back
time figures.
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Table 4. Economic impact of advanced production automation

Conventional  NC functional FMS
Case 1. Constant production capacity
Number of machines N iN iN
Production capacity c c c
Price A 1A+ 24+
extended design  extended design +

extended software

Case 2. Constant number of production units

Number of machines N N N
Product.an capacity C 3c (9-15)-C
Price A 2-A + 24 +

extended design

extended design +

extended software

5. A FRAMEWORK FOR
IMPLEMENTATION STRATEGIES

Facing the fact that there seem 10 be two classes of
beneficial systems, it is worthwhile classifying some
typical implementation strategies which: are successful
and also associate diffcrent bencfits with  different
strategies.

We can call the basic dilemma a capacity and
productivity incrcase problem and a complexity
management problem.  This fact has alrcady been
presented elsewhere (see Ranta (1988), Ranta e al.
(1988b)), and it has also been demonstrated quite
clearly by Jaikumar (1988), in his casc study. We can
now start with Table 4, which is a general presentation
of two extreme cases.

It can be seen that if the system can be designed in
such a way that capital is released or that the number
of machines is decrcased, then there is no need 1o
increase the volume of production. This can typically
occur in a situation when an investment for renewal is

made and this is again a typical situation occurring in
bigger companies.  Also, when there is a need to
increase  production capacity, modem production
technology offers very efficient ways to do so without
necessitating investment in new building and factory
space. This is usually applied as one economic
approach of small and medium-scale companics, as
discussed above.

In other cases a remarkable increase of production
capacity will result, thus necessitating a guarantced
high demand for the company’s products in order to
justify the investment.

In a mcdinm-size production it can be extremcly
difficult to meet the above requirements because of the
relatively high basic investments and the already very
extensive design process.

Using the above extreme cases as a starting point, we
can draft several altemative implementation strategics.
Figure 4 and Table 5 give an overview of such
possible candidates.
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Figure 4. Capacity-flexibility problem of different strategies

Volume W

HGH

MEDIUM

le

LOW

o ———— - o —

LOwW MEDIUM HIGH Flexibility

Figure 5. Product variation (PV) over technical complexity (TC)

PV, in units {thousands)

4
o> el
~

34 ~

/0




Strategy A

Strategy B

Strategy C

Table 5. Implementation strategies and associated benefits

Labor L

Starting point New system Technology Benefits Costs Risks

~Small scale = |-FMS, automated Compact |-Capacity increase — |-Increased -Software

semimanual high flexibility control capital software management

batch production —-Capacity 5 - C, structure productivity 5/2 x costs -Management
-Capacity C, number | number of - -Labor productivity |-Increased of change

of machines N machines N Closed $ x training
-Amount of fixed -Fixed capital Architecture{~Decreased costs ~Closed

Capital K 2-K lead times and WIP |-More expensive layout
-Labor L -Labor L -Improved quality machinery -Excess capacity
~High capacity = |-FMS, High capacity |Advanced, |-Flexibility -High software ~-Systems

dedicated automation,| medium flexibility complex increase costs complexity

mass production ~-Capacity C control -Capital -High planning -Skills of
~Number of machines |-Number of machines |- productivity costs personnel

N N/3 Open 1.4 x -Low utilization
-Amount of fixed -Labor L architecture |-Potential for rate and

Capital K future changes high fixed
-Labor L -Fixed capital 0.7 - K ~Lead time and costs
—Capacity C WIP reduction
-Conventional, = {-FMS, medium capacity{Complex —-Capital ~Software -Management

functional ~Capacity 1.2 - C control productivity cosats high of change

medium scale -Machines N/§ structure 1.75 x -Systems

production -Fixed capital 0.7 - K -Labor productivity [~Fartly more complexity
—-Capacity C, -Labor L/3 - 3.5 x efficient machinery|-Skills of

number of machines Closed -Quality improvements|-High planning personnel

N, amount of or -Lead time and and training

Fixed capital K open WIP reduction costs
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Strategies A and B correspond to those two
substitution patterns of the old systems already
descnibed above. Strategy A can be called the capacity
increasing strategy. Table 5 shows the starting point
for the successful implementation of the strategy: the
capacity can be increased without increasing labor
costs and with a relatively slight increase of fixed
capital. Thus the benefits result from the increase of
both, the capital and the labor productivity. Also a
clear reduction of lead times and work-in-progress
should be a result of a successful implementation.
However, these are only prerequisites for achieving
benefits. The system has to be designed in such a way
that it can mect these goals. Typically, this kind of
manufacturing ecnvironment is a small batch
production, where the transformation of a
serni-manual process to an FMS-like process satisfies
the characteristics of the implementation strategy. To
be successful, however, the implementation process
also has to overcome some problems which are
described in Table 2 by the columns “costs” and
*risks.”

Usually the renewal process as well as an expanding
capacity can be realized without any extra shop floor
or new factory buildings. The modest increase of
fixed capital is due to more cfficient machinery and
increased software costs, although the FMS can be

regarded as a compact system.

Usually the software part of the system will also be a
nisk clement, because software quality and reliability
arc critical for the system utilization rate, and because
the realization as well as the maintenance require
knowledge, skills and a way of thinking, which is
different from the conventional system. Thus the
management of the implementation is a critical factor.
It is cnitical as a systems cost factor and as a factor of
the utilization rate.

This is evident because of -the multi-system nature of
the manufacturing process and because of increased
fixed costs nccessary to keep the system in usc.
Therefore the knowledge and skills of the operators
and their capability to cope with complexity, to make
prognoses and diagnoses and to develop the system
further are morc cssential than in the case of
conventional manufactuning systems. Thus the wholc
management of change, including training and
organizational issues, is critical for the success of the
project.

An interesting fact is the increascd capacity as such.
As noted above, if this is a goal in itsclf, e.g. because
of the growing demand, the necessary conditions can
usually be met. However, there is always the

possibility of excess capacity, which, to some extent,
can be an economic nsk. In any case, a company has
to have a strong marketing capability to avoiu
overcapacity. As noted by Jaikumar (1988), if there
are stable markets and a stable demand for the
respective products, then there will be an imbalance
between supply and demand, followed by a
technological renewal process and a considerable
productivity incrcase.  Then only the most efficient
producers will survive.

Usually the systems architecture corresponds to a
compact system. Thus the system is, to some cxtent,
closed, and it may be difficult to extend or change it.
This can be an economic nisk in a changing
cavironment.

This strategy i1s also an wmplicit labor-saving sirategy,
because an FMS can offer a considerable increase of
production capacity without requiring new labor force
or building new shop-floor space. The sccond
subcategory is used for capital savings, e.g. to decrease
work-in-progress and to decrease delivery times. Thas
corresponds to a situation where the design flexibility
is already in existence and the basic strategy is
cxtended and enforced through modemization of the
manufacturing system to guarantce rapid customizing
and introduction of new products on the shop-floor
level. As it is also evaluated as a capacity cxtension,
among other altematives, and not as a machinc
investment, usually also a broader cvaluation of
investments than ROI, or the expected cash flows, 1s
used. The compact aschitecture of the system — a
small number of CNC — makes it possible in this
casc 1o manage the systems complexity in spite of a
large part family, i.c. a high number of product
variants.

Stratcgy B can be called flexibility increase and future
potential strategy. The economic benefits result from
the increased cagital productivity and the poteatial to
make new product vanations, which arc wusually
associated  with  decreased  lcad  times  and
work-in-progress. All these can lead 1o the acquisition
of new market scgments, duc to the ability to
customize products. These conditions arc usually met
when a transfer line is changed to an FMS-type
production without losing its high capacity. Usually
the technological solution is a high-capacity solution,
with a sophisticated architecturc and a complex
control and softwarc system. Thus the major nisks
come from the complex system structure itself, which
is managing the software production and managing
rather complicated overall planning. Because of the
high price of the system, the utilization rate is cven
more cntical than it was in the casc of Stratcgy A.
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Thus. all that was said above on training and

knowledge of operators is even more evident for case
B.

A typical example of the strategy is a company which
is producing engines and has three fixed automation
lincs to manufacture 5-$ different types of cylinder
heads and his an annual volume of 20,000 picces
The company replaces those fixed automation lines by
a FMS having the same annual capacity but
producing all those different cylinder heads and having
the theoretical flexibility potential of about 100
diffcrent heads and even some other parts. The
systern thus provides a considcrable potential to meet
the future changing markets and demands. The
achieved benefits smight be a decrease of the lead time
from four weeks to one week, a work-in-progress
reduction of 70 per cent, more rapid customizing of
engincs, and fewer but more expensive machines with
a clearly increased software share. At first sight the
system might scem to be inflexible:  the part family
only numbers 8. But it is flexible enough to cover the
needs of the company and also to decrease potential
nsks of chanmng demands.  Thus the flexsbility
potential is used to cope with long-term changes, such
as yearly product (modcl) changes, or to rapidly
mtroduce  new  products  without  changes in
production. The question thercfore, is one of product
and production flexibilities. The small part family
helps to manage the systems complexity and related
software issues in spite of the high number of
CNC-machines.

The third potential strategy is case C, a strategy which
can be called modemization strategy.  Usually the
starting point is a conventional, functional layout,
including the problems of lead time and
work-in-progress. In this casc the main benefits result
from different sources:  considerable kead time and
work-in-progress reduction, quality improvements and
a rather high increasc of both labor and capital
productivity.  The old system as well the new system
- to somc cxtent — are medium-capacity and
medium-flexibility systems.  This means that the
system design has to meet numerous goals just to
guarantee cnough benefits, as described above.

In some cases a compact systems architecture s not
cnough, but a rather complex control and software
structure is nccessary.  This may be a source of
techno-cconomic rsk; it does, however, put morse
emphasis on planning and designing for benefits.
Other sources of risk are associated with the costs and
the complexity of design The change will be rather

big. The management of this change is challenging,
because a completely new way of thinking i1s needed in
manufactuning.  This necessitates again a2 special
concern with regard to training and organizational
development. Therefore the knowledge of opcerators
and personnel is again a critical success factor.

It is furthermore mteresting that there is not
necessanly any capacity increase or fiexibility mcrease
associated with this strategy. All those benefits come
mainly from “intemal” savings. However, 1n some
cases the product profiles and product structures have
to be changed — a group technology has to be used
to adapt the products to an FMS-type production.
This 1s an additional source of economic nisk.

The most successful systems seem to have a constant
complexity, 1.e. the product CNC x PV x NT (CNC
= number of CNC-machines in the system; PV =
part family, number of vanants; NT = total number
of tools neceded in the system) scems to be constant
(scc Figurc 4). This means control, scheduling and
related software can be managed. On the other hand,
it scems nearly impossible to meet the goals of a large
part family and a high numter of CNC-machines
(high capacity) in parallel.  This 1s due to the
exponentially increasing complexity of scheduling.
The empincal data show that nearly all systems are
below a certain complexity sum (straight line in Figure
35).

What was stated above conflicts, to some extent, with
the conventional theory of FMS, which usually
dictates that the proper use of FMS is that of a
middle-range system between highly efficient transfer
lines and semi-manual, highly fiexible production
providing medium-scale flexibility and medium-scale
cfficiency. According to the empirical studics above,
this does not scem to be true, but those medium-scale
systems are thc most cntical systems in cconomic
terms. The technical and economic reasons for this
fact have alrcady been explained above. In order to
be beneficial, these systems have to provide all those
possible benefits usually associated with FMS:  high
relative i1abor savings, high reduction of work in
progress, fixed capital savings, high reduction of
delivery and Icad times and increased market share.

Thus we can finally present Figure € as a conclusion.
The unit cost and diffcrent trade-offs ohey different
patterns than usually belicved. But these two faces of
FMS seem to be evident in the light of empincal and
statistical data as discussed above.
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6. CONCLUSIONS

After analysing techno-cconomic features of flexible
manufacturing systems in the world. we can draw a
hypothetical conclusion that there are two broad
classes of beneficial flexible manufactuning systems.
This conclusion is also supported by concrete case
studies. At the one end there are highly cfficient and
expensive systems, which are associated with capital
savings and customizing in the casc of fixed
automation and transfer lines, and at the other end
there arc compact and small-scale systems, which are
associated with a capacity-increasing strategy and lead
time reduction. In between these two systems there is
a modemization and work-in-progress reduction
strategy. which can result in a complex or a compact
system, depending on the starting point.

The basic typology can be explained by technological
and economic factors.  Because of technological
limitations, there are two kinds of systems realizations,
which also represent  different  economic  bamiers,

benefits and planning  issues. A successful
implementation is usually associated with a high
utilization rate of the systems: the management of
manufacturing time is cntical for success. This is
understandable in view of the increasing share of fixed
capital, and it also causes the design, as well as the
training and capabilities of «he personnzl, to be cntical
factors.

Based on the above facts. different implementation
strategies can be proposed. in which benefits, systems
propertics and costs wia meet.  The implementation
strategies can also explain some contradictory resulis
obtained from the statistical data.

It can be foreseen that the technological factor will
still be critical in the ncar future. If, duve to the
standardization efforts, a modular typec of systems
software as well as a mechanical integration
technology becomes available, it will be possible to
achicve stcp-wise implementation strategics and a
wider range of beneficial systems. Then, of course. the
diffusion of FMS can be wider than proposed above.
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Figure 6a. Unit costs according to the conventional theory
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SOCIAL AND ECONOMIC ISSUES OF CIM — AN INTERNATIONAL COMPARISON

by M. MALY, University of Economics, Pragu2, Czechoslovakia

It has become increasingly evident now that the
successful adoption of CIM 1s by no means a purely
techmical question.  Its success 1s to a great extent
dependent on strategic, managenial and organizational
issues as well as economic and social issues, solved in
different phases of its adoption.

This contribution concentrates mainly on the analysis
and results, drawn from expenience, of existing flexible
manufacturing systems. This analysis was started at
HASA and is curmrently being continued at the
Department of Industrial Production Management,
University of Economics, Prague.

Driving Forces

The main driving forces behind the strategic decision
to adopt CIM can be classified, from the economic
point of view, into the following main groups.

1. Cost reduction;
2. Production increase;
3. Flexibility ircrease;

4. Quality increase including service.

From analysts and from other litcrature indications,
one comes to the conclusion that CIM can attain
many different goals, depending on the strategy a firm
prefers.  CIM is multi-objective and the goals can be
changed in the course of time. In many cases CIM
fulfills not only one but different goals. If the
company strategies are divided into a defensive and an
offensive one, or according to Lim (Lim, 1987) into a
survival and a growth strategy, the CIM goals can be
combincd with these strategies. It can logically be
concluded that the defensive strategy is connected
mostly with rationalization investment, while the
offensive strategy corresponds to strategic investment,
flexibility and significant quality incicase.  Morcover,
higher and more cxpansive stages of production
automation and integration also aim at meccting the
offensive strategics.

The hypothesis regarding the tendencies in strategy
goals development is represented in Figure 1.

Figure 2 gives a survey of the preferential strategic
goals .1 Finnish (SF) and Czechoslovak (CS) FMS.
It clearly shows the combmation of strategic goals. 1.
mainly flexibility (expressed in such factors as delivery
tune — mostly in Czechoslovak FMS), quality
(expressed i delivery service — mainly in Finnish
FM>) and cost reduction (expressed i labour
reducion — manly in Czechoslovak FMS, and
labour and inventory reduction in Finnish FMS).

In Finnish FMS the main emphasis is on quality
increase (delivery service). In Czechoslovak FMS the
practical absence of quality increase as a prionty
strategic goal i1s romewhat suprising. This factor
appears n only onc FMS, the most soplusticated one
in Czechoslovakia. This example supports our
hypothesis about the tendency of strategic goals in
connection with the Ieve! of automation and
integration. The opposite example can be found in
the case of FMS consisting of only NC-machines,
where the prionty goal is cost reduction (inventones
and buildings), which supports our hypothesis.

The factors have different weights, which range from |
to 5 in onc system. In one case, only 1 factor of the
highest (dominating) prionty (4 or §) is presented
(inventory decreasc). Three FFMS have a combination
of 2 factors, in two systems there is a combination of
3 factors, two systems show a combination of 4
factors, and one FMS presents a combination of §
factors. In Finnish FMS, the average number of
dominating factors is 2.75, and in Czechoslovak FMS
the corresponding number is 3 00,

From the above one may assume that there are no
substantial differences between the strategies chosen in
planned and in market cconomy systems. One can
say that thc companics combinc offensive and
defensive strategies.  Even in the most sophisticated
systems, the same combination cxists. But the ways
of realizing the offensive strategy arc different. Finnish
FMS stress mostly quality and Czechoslovak FMS
stress increased flexibility (for morce detail see Maly,
1988).
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STRATEGY
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Figure 1.  Strategic goals
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Figure 2. Strategic goals — SF-CS pilot study
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Economic issues

It is evident that for a cross-country comparative
analysis the main methodological problem is to specify
the list of signiiicant and comparable indicators. For
this comparnison, the indicators were gathered into
three main groups of vanables:

* [.abour saving;
* Capital aving:

¢ Flexibility increase.

From the data collected (for more detail see Maly,
1987). onc may analyse similaritics and differences of
economic benefits in cach of the different economic
svstems, market and centrally planned cconomies.
One may take into account that the percentage
illustrates the companson of real value of indicators in
conventional and FMS systems in each group of
countnies, i.c. companison is not of real values but of
the value of changes.

The first picce of knowledge 1s that the statistical basis
of western FFMS 18 much nicher and wider than that of
the castem FMS.  From the total of 33 indicators,
only 13 are available in castern countnes. This means
that in the group of vanables LABOUR SAVING one
can compare 4 indicators, in the group CAPITAL
SAVING 6 indicators and in the group of
FLEXIBILTY INCREASE 3 indicators.

In the group of labour « .ving the resulis are almost the
same with regard to the indicators operating rate and
labour costs. ‘The average value of the indicator
labour (manufacturing) productivity increase in eastern
I"MS is only about 70 per cent of the value in western
countnes and the biggest difference is ip unit costs (25
per cent of the western value).

In the group of capital saving almest all indicators
have very similar average values. The difference 1s not
greater than 10 per cent. Tigher differences can only
be observed in pay-back time (however, the castern
value of 2.2 years is only an cstimate) and in
throughput time (the western value amounts to 75 per
cent of the castern value).

The higgest differences can be seen in the group of
flexibility ircrease.  The western values are much
higher (higher flexibility) than the castern average
values. The biggest difference is in batch size, where
the castern vidue is over 1500 per cent higher (reversed

relation’). The eastemn country indicator of product
vaniety is only 28 per cent of the western country
indicator and the eastern country reduction of new
product lead time as a result of FMS adoption is 40
per cent compared with 96 per cent of the westemn
country value.

From the above-mentioned results, one can conclude
that the main differences are in the group of flexibility
vanables, both in product flexiblity and production
flexibility. In production flexibility the difference is
more distinctive (batch size, product vanety) and these
results tlustrate very convincingly that the western
country FMS are far more flexible than the castern
country FMS.

The main reason is probably the lower driving force of
market conditions and competition, together with the
strict long-term  targets in the centrally planned
cconomies, which cannot fit the real shon-term
consumcr needs. One of the main goals of economic
reforms in all castern countries nowadays is 1o increase
the speed of response of supplicrs to consumer needs.

A graphic survey of the similantics and differences in
indicators of benefits in cast and west ts given in Table
1.

Social issues

In the social arca one can follow many indicators,
charactenizing the changes as a consequence of the
adoption of automation, c.g. division of labour,
educational level, ratio of direct-indirect workers, ratio
of changes in professions and work contents, etc. Thas
paper will take a closer look at only one social issuc,
the so-called technocentric or anthropocentric
approach in the man-machine architecture in CIM
systems, today very frequently discussed in the
literature. The problem kas two main angles. Some
authors stress the qualitative angle and regard the
technocentric approach as “technology controlling
man” and the anthropocentric approach as “man
controlling technology.” In the first case, the
technocentric approach kecps man subordinate to the
system and places no higher requirements on human
qualifications. The anthropocentric approach puts
man in control of ihe system and nceds the
multi-skilled operator who, with a very wide,
open-ended repentoire of skills, will manage the system
despite unforeseen disturbances. From this angle, the
Finnish and Czechoslovak FMS both tend towards
the anthropocentric approach.
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The second. quantitative angle of this problem stems
‘rom the wdea that man can be replaced by machunes
and control devices. The role of the system operator
will be to il the gaps with the thoroughness of a
designer. Thus. one logical conclusion is that the
more expansive and complicated the system, the fewer
people it will need.

Figure 3 shows the results of 19 Czechoslovak and 6
Vinmish  FMS. The mterconnection  between
personnel reduction (i per cent) and investment costs
(in million US $) is presented. On the basis of these
results, onc could conclude that, assuming only the
second angle of the technocentic and  the
anthropocentric approach (personnel reduction), the
Finnish FMS distinctly tend to the technocentric and
the Czcchoslovak FMS to the anthropocentric
approach. However, another explanation of this
phenomenon could be that the economic conditions

m Czechoslovakia kave littke room for personnel
reduction.  The figures on the graph indicate the year
of installation of every system. from which it becomes
clear that this factor does not have any intluence on
this phenomenon.

Conclusion

This paper aimed at presenting decision makers with
detailed  informutton  rlevant  to the  system
connections of the adoption of CIM technologies.
The goal 1s to create and venfy the hypothests from
the managenal, economic and social perspective and
thus to contnbute to a better understanding of the
mechanisms through which CIM  will influence
different firms and industries. The deceper the kevel of
understanding, the more bencficial the adoption of
automation will be.

Figure 3.

Personnel reduction in FMS
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NATIONAL DIFFERENCES IN THE BUSINESS ENVIRONMENT FOR AUTOMATED
MANUFACTURING

by J. BARANSON, ITT Research Institute, Washington, D.C., United States of America

Comparisons between United States —
Japanese Business Strategies

There are  significant  differences  between  the
manufactuning strategics of United States companies
and other western economy firms, fapan in particular
(FERDOWS). Automated manufacturing strategics in
Japan arc now focusing upon abilitics to continue
cutting production costs and to respond rapidly to
product and process design changes dictated by market
conditions. Amecncan and Furopean manufacturers,
on the other nand, arc still playing catch up with
Japancse competitors; their emphasis is upon
improved quality and delivery performance, and they
are  stil  preoccupicd  with  upgrading  their
manufactenng technologres.

One reason why Japanese firms manufacturing
CAD:CAM cquipment are in a stronger position 1o
cut costs and respond to competitors (relative to
United States and west Furopean competitors) s
because  of their  strong  linkages forward 10
customer-users and their strong background linkages
to their component suppliecrs (BARANSON-83:
17-24). United States and European firms have been
rclying more heavily upon mergers and acquisitions to
shore up their competitive manufacturing capabilitics;
they are also preoccupicd with the cost-profit squeeze
that has resulied from rising matenals and overhead
costs, on the one hand. and an inability to raise prices
because of intensive global competition, on the other
hand. Global competition s also being dnven by
dramatically shortened  product-life  cycles  that
necessitate expanded efforts o redesign products and
adapt process cngineering to new designs and new
matenials.

Another essential feature of Japanese management is
that it cmphasizes human resource development and
management as the essential ingredicnt of maintaining
manufacturing systems, in contrast o its competitors’
practices. Whereas  Amenican firms  are  still
preoccupicd with the painful and costly task of
adjusting labor-management relations, the Japanese
arc ablc to concentrate their encrgics on adjusting
work rules and broadening the range of jobs the
factory worker can undertake, in order 1o increase the

flexibility of response of their labor force and the
overall cfficiency of their manufacturing operations.
With much more stable and mutuzllv rinforcing
labor-management relationships, the Japanese are able
to concentrate on mmproved just-in-time production
and inventory management, which have become
essential to CAM operations. By way of contrast.
Amernican firms are relying to 2 much more intensive
degree upon the development of software embodying
information data and expert systems to raise the levels
of manufactuning performance.  With the people and
organization ingredients already i place  and
functioning at relativeiy high levels of perfformance.
the Japanese are able to concentrate their efforts upon
improved FMS and robotics. Furopean firms are sull
heavily encumbered by the people-managemert
problkkm, duc to entrenched cultural and political
factors that undermine production rationalization
cfforts.

If you were to compare the prevailing western
enterprise approach with the prevailing practices of
their more aggressive Japanese competitors regarding
the design, production and marketing of a new
product. you would find the following contrasting
differences:

1. Sequential versus Tandem Approuch. The
Japanese firm is able 1o complcte the innovation
cycle in one-third the time or less by working in
tandem both within the company and with its well
integrated family of component and parts
supplicrs. Among Japancsc firms, the product
manager has an integrative role in combining the
design, production and marketing functions into
an integrated whole. Westem firms work in
scquence;  product  designers do  not  take
manufacturability into adequate account and there
is often insufficient regard for the details of
customer usage in terms of performance and
scrvicing charactenstics.

2. Cross-functional Training.  The Japancse arc
willing to invest in the cross-functional training
and work assignments of their employces so that
the subcultures of design. production :ad
marketing can more cffectively harmonize design
features.  This applies both to changes in
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. Forward and Backward Linkages.

. Aneremental versus Big-l.eap Changes.

consumer  preferences and  to  flewbility  in
manutactunng. Among  wostern  fums,
manufactunng problems often emerge at a later
cntical stage because of inadegquate involvement of
manufactunng cngincers at the product design
phase.

Forward
linkages to customers and backward linkages to
supplicrs arc taken much more senously by the
Japancse manufacturers than by their western
counterparts.  Their linkages are regarded by
Japancse firms as indispensable relationships 1n
the conception and introduction of products into
the market-place.  Whereas most western furms
plan tooling only after the product design has
been  frozen, Japancse fims  typically release
tentative  designs 1o tool suppliers. Most
Amecrican firms in particular have a low regard for
the discemment and judgment of consumers.
They also trcat parts supplicrs on an adversanal
basis, rather than culuvaiing loyalty as an
indispensable clernent of high-performance results.
The exceptions have been firms such as Xerox
that have drastically cut back the number of
supplicrs down to a tight-knit family of dedicated
companics.

. Team Spirit versus Adversarial Cultures. There is

an nnderlying difference in “corporate cultures”
values, attitudes, and social rclationships which
ultimatcly contribute to the Japanesc ability to
repeatedly  beat Amencan  and  Furopean
compctitors to the market-placc. Among westem
enterpriscs,  there s perpetual  nvalry  and
juxtapositioning among marketing, manufactunng
and design people.  For example. marketing
people will resist design  changes  that  imply
re-educating the customer to 2 new or different
mode of product utilization. There also 15 a
fundamental lack of trust and rapport among the
subcultures of marketing, production and desiyym.
What is nceded 1s a harmonization of the
subcultures. which may be achieved through
cross-functional expenence.  In Japanese culture,
there are strong pressures for individualism to give
way 1o the collective interest. Among western
societies, it 15 only 1 certain team sports or
“good” wars that the collective will 10 win and
survive Is brought to bear.

Japancse
companics rely upon continuing small incremental
changes in response to shifts in consumer
demands. The smadl increment approach also
applics 1o emerging manufacturing  technology
opportunitics related 1o matenials, tooling, and
process technology.

Neadless to sav there are exceptions to the above
generalizations on both sukes.  But the fact wemains
that the widespread and prevailing tendencies in Sapan
does gve their manufacturers a tremendous tactical
advantage over the vast majonity of western firms.
The first step toward redressing Japan's comparative
disadvantage would be for westemn firms to recognize
the deep differences that ewst and find culturally
compatible ways to overcome the resuluing
disadvantages.

Experience of the Federal Republic of
Germany (ICMA)

The Federal Republic of Germany machine tool
manufacturers in the flexible automation ficld sce the
need to intensify contacts between users and producers
and between marketing and manufacturing functions
in order to be more cffective in designing and building
automated manufactunng cquipment and systems.
The widespread introduction of microclectronics has
resulted in  radical changes in  machine tool
requirements m terms of  labor-saving  and
capital-saving charactenstics.  These reductions 1n
man-hours and capital input per unit of production
have been made possible, despite the increase in the
unit value of automated manufacturing equipment, by
the substantial increases i machinz  productivity
derived from additional automation and the possibility
of using machincs on a larger number of shifts. As a
result of the described shifts in the demand for
automated manufacturing equipment, the volume of
outside purchases from component and systems
supplicrs has increased, thercby necessitating the
inclusion into machine systems of components,
accessones and other machines which cannot be
produced by a particular manufactunng company.
This has added to the logistical burden of
manufacturing automated equipment.

Innovation and specialization have come to be viewed
as the “weapons™ which, via optimization of products
and systems for manufactunng them., will allow the
Furopean industry to cmphasize its ahility to offer
customized products 1o match  specific  user
requirements.  In mecting these new demands by the
Federal Republic of Germany (and other European)
manufacturers, suppliers of flexible  manufactunng
systems  have had to deal with the following
shortcomings or difficultics:

1. Need for specialists. Procurement of quahficd and
expericnced personnel is problematic, due to short
supply of personncl. Personnel  procured
cxternally often are in  conflict with their
contractor and their employers.
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7.

. Computer  Relubility: Special - measures are

necessany against computer malfunction and for a
qurck resart. To overvome this. the TANDEM
fail-safe system is used. which kads to a reduction
of performance. but not 10 a stoppage of the
systern.

. Selection of Computers: Decisions for computer

technology are prone to “boomeranging.” For
nstance, the TANDEM technology is not mass
produced and only a few people are in command
of this know-how. In addition. the TANDEM
technology 1s not suitable for dirct process
coatrol and nceds a philosophy and software that
are totally different from the IBM computers.

. Machining of Puarts: The reduction of stup ar'l

batch-change times is onc of the most mportant
concems in the automation of certamn parts. It
for this rcason that the automation production
control system initiatcs the new batch as soon as
possible.

. Managing Co-ordination: Production automation

requires specialists workig in scgmentcd  2lcas
and management of overlapping tasks, which in
tum have to be properly co-ordinated and
mntegrated.

. Process design and organization to include

man-machine-computer relations:

I. The nadity of computcr-aided systems
demands a flexible attitude toward computer
application and the unavoidable constraints of
organized cfforts.

2. The logic of the computer is not adequate to
the logic of man. Hence the nced for
understanding the reactions and behaviour of
collcagucs. Also information must be given
free of “computer chinese.”

3. Novelty of aids such as computers, screens,
and pnnters  requires  information and
instruction of personncl, well in advance, in
order to get pcople accustomed to the
operating uscr manuals.

4. Documentation of organizational procedures
and data processing requirements in the form
of reference books available on the scene are
an absolute nccessity.

Non-availability of Sensors:  High technology.
specifically  “sensor technology,” is needed  for
automated production, especially in large-scale
production.  Although appropriate sensors are not
yet available for cvery process  paramceter,
production monitoring  systems  arc  alrcady

opcrational  today., accounting  for  marked
impro cments in productivity and quabity.

. Machine Utilizatiom  The penods in whxch
machines are in operation are dependent upon
staff s working hours. breaks stipulated by
colkctive agreements and down tume due to
technical  reasons. differentiating between
scheduled and  unantiapated  down  tme.
Optimiang machine utilization, as well as
preventive mamtenance. mvolves chanang  tooks
only dunng breaks.

K

In the face of the forcgoing difficultics and in onder to
meet the new competitive  challenges, the Federal
Republic of Germany's  automated  equipment
manufacturcrs have adopted the following policics and
stratcgies:

1. Strive for Quality of Product (= Technik™ )

The Federal Republic of Germany has a very high
regard for technik kading to quality production
achicved through technical competence on the
factory floor.

2. Planning for the Dua; after Tomorrow

Because of the necessity of the conscnsus-secking
decision processes for installation of industnal
plants, delays result between the time a deasion is
made and when it is implemented. This results in
a long span of timc between today's ideas and
so-called “factorics of the future.”

3. Long-Term Precedence over Short-Term

To compete cffectively in the future. the Federal
Republic of Germany's single-mindedness as a
national stereotype has 1o be both accurate and
cffective.  This is achicved by focusing attention
and resources on a singe industry and not being
distracted by greener pastures. There 15 no
concept of the “cash cow™; the Federal Republic
of Germany keeps investing back nto the same
business.

3. High Quality

In order 10 achicve a constantly high quality of
parts, production processes are kept repetitive, and
matcral compositions the same.

5. Organizational Continuity

To change and adapt the organization of the pln:
in accordance with  the requirements  of
manufactunng and information  technology, in
such a way so as to assure the functions for the
starting phase. ‘ihese indispensable functions are
laid down and arc binding for cach depanment in
the =ntire organization.
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East-West Comparisons (BARANSON-87:
11-25, 127-130)

In the Sovict Union as in the western cvonomies.
human and organizational factors are  overmding
etermirants in the rate of introduction of the new
automated manufactunng technologies and. cven more
importantly. in the results achieved in terms  of
increased  productivity,  quality  and  rbability  of
output. In the USSR, as in the United States. the
basic inhibitors to the rapid and effective introduction
of automation are — nsk averson and conservatism
on the part of the industnal management, weak
hnkages between automated equipment supplicrs and
users and between  component  supplers  and
equipment producers. and reluctance on the pant of
factory workers to accept automation (for different
rcasons in the United States and the USSR).  Other
characteristics of the Soviet “command cconomy ™ that
have retarded the rate of diffusion of automation
technology in the USSR are:  prioaty allocation of
production resources to malitary, over cnilian, necds:
over-ambitious production goals and “taut™ cconomic
planning; cmphasis on quantitative output, rather than
improved productivity and diffusion of innovation;
incentives based on fulfilling prodection targets, rather
than reducing costs, or improving product quality; and
in the absence of pricing mechanisms and consumer
sovercignty, failure to raise production cfficiency and
promote improvements in the quality and utility of
consumer  products  and  intermediary  industrial
products (BIATFR: 6-7). In the absence of
consumer sovereignty and the competitive forces of a
buyers market, the prncipal attraction of automated
manufactuning technologies (and forees to dnve thar
introduction) is lost in the “scller's market” that
prevails in the USSR, A major advantase inherent in
the new generations of computer-aided design and
manufactunng (CAD, CAM) is flexibility of response
to changes in consumer demands and to  the
competition of cheaper, better products entering the
market-place.

The resistance of Sovict factory managers 1o the
introduction of automatcd manufactunng systems is
traccable in large pant 10 the tauiness of Soviet central
planning, which in cffcct penalizes fuilure 1o mect
production targets, inadequatcly rewards improved
performance, and docs not compensate for the added
nisks involved in innovation. But many of the
technical difficultics that Soviet factory managers are
cncountering with robotic equipment arc mirrored in
Amcncan enterprises.  In the USSR, Soviet factory
managers have resisted the introduction of robotics
into their factory operations because of the dislocating
cffects of restructuning production to fit around the

robote cquipnment and coping with shortages
requined analian equirment or “connecting systems.”
Frequent breakdown of rotots (coupled with the
dearth of mamtenance personnel and replacement
parts) have compowided the difficulties.  The down
ume connected with these accommaodations senously
popardizes  axcting production  quotas. More
fundamentally Soviet managers have found that the
ntroduction of robotics and  related  automated
manufxctuning  cquipment  is difficult 10 Jdo
prece-swstem, but may owen require redoign of the
product to accommodate the new  equipment —
something especially difficnlt 1o achieve i a taut,
centrally planned economy.

In its ongoing cfforts to introduce robotic equipment
at the factory kvel, Soviet ministrics are better at
agitating than in servicing clients.  Recurrent cyeles of
centhusiastic campaigns  generated by the  planning
authonities are followed by the hard crunch of tning
to live with recurrent  shortages  of  matenals,
components, ancillary equipment and cnitical support
scrvices.  Ofien cited are defickencies in expenenced
operators for automated machinery and mantenance
skills and related technical support  services  for
computer-integrated  equipment. Also  cited  are
shortazes  of components such as clectric  dnve
mechanisms, sensors, control devices, and computer
software for robotic cquipment.

The shortages charactenistic of the avilian side of the
Sovict cconomy  are reinforced by the  prevatling
“seller’s market,” as distinct from the cconomic forces
at play in the market-daven. western cconomies (in
significantly varnving degrees — highly daven in Japan,
less so in the United States, and much less so in the
United Kingdom, for cxample) (BARANSON-ST:
11-17).  Market forces compel enterpnises i western
cconomics 10 take the added nsks of ntroducng
automation in order 1o survive.  In the absence of
these market mechanisms, *here is no compelling foree
to overcome Soviet managers nsk aversion toward
innovation within the Soviet system.  The Soviets are
by no means unique in this regard.  Different vancties
and degrees of nisk aversion on the part of industnal
management are found in western cconomics, where
managers also respond to their respective cconomic
environments. (BARANSON-87: 54-57, 102-105).

The conscrvatism on the part of Soviet factory
managers is of a special varcty and is traceable to
structures and conditions described carlier.  First and
foremost, cnterpnise autonomy is severcly constrained
under the central planning system.  On the supply
side, Sovict factory managers manufactuning for the
civilian scctor must take what is supplicd to them,
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whether it be ¢quipment, components or matenals,
and live with the deficiencies in matenals  and
manpower available to them. On the demand side,
they are not compelled to meet sovercign consumer
demands and face competing producers. as they would
be under competitive conditions in a market-dnven
cconomy. to  decrease  production  costs  and
continuously improve product designs.  For the Soviet
manager, the prospect of automation is attractive only
to the cextent that . will help him increase his
quantitative output, without incumng the concomitant
nsk, pain and penalty for fatlure. In a2 word there is
no “invisible foot™ that compels the Soviet enterprise
manager 10 incur the added nsk and pain of
mnnovation in order to survive.

There are also dramatic differences in the nisk and
rewards to factory management related to increased
productivity and improved quality of production.
Profit drives the Amencan enterprise; in the USSR the
incentives to excel are modcrate as compared to the
penalties for failure to mect (quantitative) production
targets. The foregoing instills widespread conservatism
toward the high-nsk that i1s associated with even
modcst changes in manufactuning methods.

The deep-scated contrasts between the planned Sovicet
and market-dnven American ecconomics  have
profound implications in the dcemand-pull for
automated manufactunng cquipment and systems.
These systems require close linkages between design,
engincering and production  functions, and close
management control over matenal and parts suppliers,
if they are to achicve acceptable levels of proficiency.
The two very different enterprise environments in the
USSR and in the US engerder fundamentally different
evaluations by industrial managers of cost-benefit
ratios and nsk factors related to the introduction of
automated technologes.

Another fundamental problem in the Soviet system —
not entircly unmique to the Sovicts — is the weak
linkage between rescarch and design institutes and the
production operations levels. Among the cited
deficiencics are the following: designs that are not well
co-ordinated, equipment that has not been pre-tested
for factory opcration, and ancillary cquipment that is
not in place. At international meetings, Soviet
scientists  engaged in  rescarch  associated  with
automation and related ficlds such as artificial
intelligence  (used in programming  autornated
equipment) are on a par with their westemn
counterparts. It is in the arca of application and
utilization, including the design of prototypes that fit
cffectively into factory operations, where the Sovicts
have expericnced considerable difficulties.

The Sovict approach to design engineening of military
equipment responds in part to the shortages and
deficiencies experienced in a2 command  economy.
This s achieved by designing down to the level of
manufacturability in the industnal sccto: and tc the
operabibity and maintanability of products in both the
military and civilian sectors. In the United States, a
good portion of the high cost of defense procurement
(and rclated national budgetary defiaits) 1s attnbutable
to an industnal philosophy that anything the
Department of Defense envisages as a need (including
the Strategic Defense Initiative  systems) can be
designed. and anything that the engincers design can
be manufactured.  The Soviet approach revenses the
process and trics to taiior the design of products to
meet the new customer requirements and emerging
productive capabilitics, both in terms of resource costs
and manageability of industnal opcrations. The key
word in Soviet military design are “opcrability,
maintainability, and manufacturability.”

The paradox of high performance in the military
procurcment arva, contrasted with low performance in
the avilian sector, can be explained in terms of the
prionty placed upon defense-rclated production over
industnal output for civilian production. The seller’s
market that prevails in the avilian sector is completely
reversed 1o a  buyer's market, where defense
procurcment is involved. In the procurement of
military equipment, the Soviet Defense Ministry is
able to demand high performing products, insist upon
quality standirds and cost ecffectiveness, and get
whatever product configurations are required.  FEqually
important, the Defense Ministry is able to allocate
cssential  matenals, components and  industnal
equipment to special industnal facilities manned by
the top engincening and technical skills available in the
USSR. In the Soviet economy, “residual” human and
physical resources are allocated to the civilian sector.
In shont, in the defense procurement area, there is an
cffective demand for the features that automated
production technology can deliver — flexible responsce
to changing demands and supplying high-performance
products based upon quality and reliability “uilt into
the production process.

implications of CIM for Business and
Society

Business Enterprise Organization and
Management

The new systems will require a profound restructuning
of cnterprisc organization in terms of creativity and
flexibility of response to change; in external linkages
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(with custormrers and  suepbens). and in temel
interactions  (among design. eaginennrg Production.
and marketing umts). New combinations of bardware,
software and  database tanagement and
communication technologies will be required to
facilitate  dyvramic co-ordination among  functional
units and reallocation of resources in reference to
market  changes  and  manufactunng  environments.
Japancse multinationals have found that there is a
basic  conflict  between  standardizing  components
worldwide and the necessity to establish  separate
centers In wostern Furope and North Amenca to
design and engineer products for different  customer
needs and market demands.  One solution is to link
CAD CAM designers through a common computer
network (FT-WHY).

Intcmal linkages are indispensable to the need to
design, engineer. produce and market more complex.
diverse and high-quality products in much shorter
time spans and still remain competitive.  Marketing s
the leading hink into expanded camings and retums,
but manufacturing 15 central to corporate strategy.
Capturing higher-priced, low-volume demand niches
emerge as a mainstay of comparative advantage.
Externally, marketing. production and design people
need to interact more intensively with customers, and
production-design people need to interact more
intensively with suppliers. Marketing is a key linkage
into suggesting new products for the manufacturing
clusters to produce. Product design people wiil need
to be able to convert market potential into products
that the in-place manufactunng complex is capable of
producing. In some cases, R and D “failures” may be
tumced nto  successes by creative and  aggressive
marketers. A classical example of the foregoing is the
yellow stick-on tabs that 3-M now markets; the R and
D pcople had come up with a paper adhesive that
would not dry, and this was tumed into a new market
opportunity.

The new manufactuning technologies also  require
dircet external contacts with customers to  tailor
products 1o end-user demands and to service and assist
customers in the use of incrcasingly complex
cquipment and systems.  Since on-time delivery of
components and parts is an integral requirement of
CIM  systems, nucleus plants and their vendor
satellites will nced to locate wherce transportation and
communication networks provide the required market
access.  Another cntical consideration is locating
where labor is willing to accept new work rules and
new factory disciplines (sce below) associated with
zero-defect production and flexibility in job tasks.
Hence the movement in the United States to Sunbelt
regions of Tennessce, the Carolinas, Arkansas and

Texas.  Vendors supplving end-product plants also
will have to re-organze and relocate 1o mext these
new requirements.  This implies a regrouping of
product mix, model spread. and vertical integration of
operations so as to become competitive operational
within the framework of factones under the new CIM
technologics.

Industrial firms may develop in-house capabilities or
use outside firms to do the design work for them.
User finns may purchase tumkey systems or custom
design and  ntegrate the  vanous  components
themselves.  The advantages of in-house development
are cost  savings. mantaining  confidentiality  of
company’s software algonithms, and adapting designs
that are tailored to a particular company s needs. The
disadvantages of out-sourcing lic in the design
engincering  problems of integrating hardware  and
software from different suppliers and subsequently
having to service and maintain the systems. In the
United States only a few companics have the in-house
capabilitics to design and engincer their own systems.
These firms, inadentally, also service Japanese and
west Furopean clients.

CIM technology logically moves in the direction of
clusters of activitics that can produce bundics of
products in well integrated factory facilities. Whereas
it was previously necessary to have large central
facilitics to take advantage of cconomics of scale, it
will now be necessary to cluster activities to achieve
economies of scope. The tendency will be initially to
intcgratc metal-shaping and machining functions and
to choose vendors that can function in close
co-ordination with central plant requirements  for
on-time delivery and strict quality control standards.
Satellite facilitics will be smaller replicas of central
clusters in terms of FMS, robotics and CAD CAM
linkages; they will have to be closcly integrated to
central plant operations in order to be able to respond
to successive changes in component design  and
production lot requirements.

The potential efficiencies of the new machining centers
and totally integrated manutactunng centers lic in their
abilitics to respond to market changes rapidly and cost
cffectively. But in order to realize these potentials, it
is necessary that manufacturing becomes an integrated
part of overall corporate planning, and this may imply
profound changes in corporate management and
operational practice.  CIM  technologies involve
substantial investment outlays and fisks and require
longer-term payback perspectives.  As a conscquence,
the rnisk propensities of industrial managers and
corporatc  commitment to long-term  growth and
technological devclopment are critical.  Also important
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15 the ampact of government policies and regulations
upon capital markets, bank lending, and corporate nisk
management (BARANSON-83: 6-8).

The new CIM technologies will require fewer people
with higher skills at higher salanes and  internal
re-oganizations that not only tolerate but encourage
creative and nnovative people who are given more
discretion and autonomy to perform therr tasks. The
foregomng mmplics ditferent policies and objectives in
training,  motivating,  supervising.  and  rewarding
employees for achievements.  CIM techncloges will
have unportant side ¢ffects on labor force composition
and on business investments. The downward trend in
factory hands per uwnit of output will accelerate
(anywhere from 30 per cent or more below previous
levels). New jobs will be generated in the design and
engmeening,  technical  marketing, and  customer
servicing areas and in the ancillary communication and
office  automation (information  systems) fields.
Investment levels will decline per unit of output in
mdustnal cquipment. but will nise in the factory and
officc  automation arecas of computer software,
communication  cquipment,  maintenance  and
customer scrvice arcas, and in human resource
development. Factory labor will require more
advanced skills and greater fleability in adapting to
new job tasks and work rules. One of the principal
reasons that Japan is in the forefront in effectively
introducing  factory automation lics in enterprise
capabilitics to manage and motivate the labor force —
in contrast to less suceesstul efforts on the part of
Amencan and west Furopean management based on
counterproductive philosophics and practices.

Adjustments in the Economy and Society
(BARANSON-83: 11-25, 63-90)

The rate of introduction of factory automation, and
the ultimate contribution of automated manufacturing
to the productivity and competitiveness of industnal
sectors, will depend  to varying  degrees, on  the
cconomic cnvironment in which the industnal facilitics
operate.  This 15 because mvestments in factory
automation involve considerable nisks (as profiles on
General Motors and General Flectne demonstrate),
and therefore government, financial structures, and
govermment relations play on wmportant role in the
financial risks business firms are willing to take. The
Soviet expenence clearly indicates that the economic
environment i an overnding determinant.  In Japan,
it is the combination of the national economic
environment, along with a broad-based proficiency in
the management of industrial enterprises, that has
given Japancse firms a competitive cdge in world
markets (sce helow).

In the United States and in western Furope, the
proficiency of enterpnse management is the pnncipal
determinant of a rapid and effective introduction of
automated manufactuning  technology, but  ceran
clements in the cconomic environment act  as
deterrents to enterpnise willingness to introduce factory
innovation and implement it efficiently.  In some
rospects, the environmentad conditions prevailing in
the United States and most of the west Furopean
countries are the exact opposite of what charactenzes
the Japanese business environment, where “vision and
consensus” bring together the business, government,
labor and finance communitics involved in or
impacting upon, the growth and expansion of factory
automation It is highly probable that the absence of
viston and consensus in the Umted States has
contnbuted to a reluctance on the part of Amenican
manufacturers to take the financial nsks associated
with introducing factory automation and has
necessitated 2 more  piecemeal  approach  to
automation. For an extended period beginning in the
late 1960s, Amcrican firms in the consumer electronic
and automative parts industry chose to move to
offshore manufacture and procurement in low-wage
countnes, as an alternative to investments in
upgrading factory automation in order to meet import
compctition.

A major insight that emerges from the intcrnational
comparnsons of factory automation cflorts is that the
Japancese are in the forefront of successful application
on the new generation of manufacturing technologies.
The ability of Japan to manage technological change
in a dynamic world economy has been an oustanding
fcature of Japanese socicty in the post-war period.
Contnbuting to this success are their philosophy and
practice of industnal management and the national
cconomic environment in which Japanese firms
operale. The major clements  underlying  their
industrial management achievements are 1) a strong
rehiance on long-range planning to think through and
manage technological and marketing adjustments to
¢ 'onomic change; 2) in-depth capabilitics in process
engineenng applied to the progressive rationalization
of factory automation in manageable increments; 3) a
corc  cmphasis upon the development and
management of human resources as a key to successful
operations; and  4) carcfully structured forward
linkages to customers and backward linkages to
component and materals supplicrs, both of which are
considered essential to cost-cffective production and
responsiveness 1o customers nceds and preferences.
These philosophics and practices are applied both to
factorics in Japan and to industrial facilitics located in
North America and westemn Europe.




1R FCONOMIC AND POLICY-MARING ASPECTS OF C1M

Japanese firms also are in the forefront of forging
transnational stratege alliances with foreign enterprise
partners. These stratege  alliances add to  the
cffectiveness of Japanese firms in penctrating overseas
markets through the marketing, production and
technology complimentanties provided by foreign
partners. They also provide an added competitive
edge, by shortening the time frame for the run-in of
manufactunng and marketing operations.  (The
Toyota-General Motors joint venture in California is a
classical case in point). Business operations in Japan
are further enhanced by distinct advantages in the
Japanese national environment, as compared to
prevaitling  gove iment  policies and  economic
structures in the United Statec and most west
Furopcan cconomics.  The two most important
charactenistics in the political economy of Japanese
socicty are “vision” and “conscnsus” — vision to
anticipate and plan for change and an intncate
political and economic structure and consensus among

business, government, financial and labor
communitics. This combination of vision and
consensus  gives  Japancse  enterpriss  a  strong

competitive edge in the continuous technological
adjustments to economic change.

The combination of vision and consensus networks
also are supportive of the high nisks associated with
investments in factory automation. The higher risk
propensity in Japan is reinforced by the longer-term
view of rctums on investments and the reinforcement
provided by financial institutions and tax structures
that encourage such investments. Tax structures and
consumption patterns in Japan are conducive to the
high levels of personal savings, which in tum arc
channeled through the banking system to productive
investments that include 1adustnal rationalization and
modemization. The educational system in Japan also
contributes to factory automation cfforts by producing
the highly literate and skilled labor force that is
required to design, cngincer, manage, operatec and
maintain the new technologies.  Beginning at the
grade-school level, future entrants into indnstrial labor
force  are anstilled  with  values  and  attitudes
fundamental to the cffective implementation of total

quality control and just-in-time systems associated
with the factory automation. Included here are pnde
i workmanship and individual responsibility  for
quality standards.

The Japanese expenience particularly demonstrates the
importarce of education levels in factory automation
systems.  The substantial increase in the quantum and
complexty of production management that is inherent
in factory automation requires highly skilled cadres of
engineers and technicians to design. engineer, manage
and maintain factory automation systems. It also
requires a high degree of interdependence among
traincd technicians and operators that can handle
computerized information interchange among design
engineenng, production and marketing functions. A
broader spectrum of the labor force, ranging from
engincer-managers to  technicians and  operators,
requires a higher level of basic literacy in order to man
the more complex and highly integrated systems
associated with factory automation.

The intensified pace of technological change and the
telescoping of the design-engineering production cycles
mmply deep-scated adjustments from traditional
pre-emplosment education to continuing educational
systems than can respond to ongoing adjustments to
change. Industnial enterpniscs may have to take on a
larger share of the continuing educational function. It
1s significant to note in this regard that most Japancse
firms assume that new cmployees, on average, bring
only 20 per cent of what they need to know to
function within the industrial enterprise (OHMAF).
In the United States, the impression is that most
American firms expect that all new employees will
have at least 80 per cent of the training and skills
nceded to perform their jobs.  This accounts for
corporate attitudes leading to low investments in
human resources development and a general attitude
that all employees are readily replaceable.  This view
point is generally inimical to the inherent charactenstic
of the new factory automation systems that rely
heavily upon individual responsibility for total quality
control and just-in-time systems (WSJ-1EXA).
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FLEXIBLE AUTOMATION IN THE CONTEXT OF STRUCTURAL CHANGES IN A
MODERN ECONOMY

by S. Y. GLAZEV, Central Institute for Economics and Mathematics of the Academy of
Sciences of the USSR, Moscow, USSR

Diffusion of flexible automation
installations in market and centrally
planned economies

Formal indicators of the production and use of flexible
automaticn (FA)' equipment — industrial robots and
NC machine tools — show a similar picture of FA

ditffusion in the centrally planned and market
econormnies. However, beneath the superficial
rescmblance there are deep and fundamental
differences.

In market economies, as we know, the diffusion of
new technologics generally follows an S-shaped curve.
FA installations are no exception. As can be seen
from the results of many empirical studies, including
those of the International Institute for Applied
Systems Analysis (IIASA) project on
computer-intcgrated  manufacturing  (see  List  of
references), the diffusion of basic flexible autornation

cquipment 15 following the traditional S-shaped
life-cycle curve, having now completed the initial
phase of slow growth.

The studies by Dosi (1984), Freeman (1987) and Peres
(1983) suggest that the new technolegical paradigm
(TP)? is now fully developed and that over the next 10
1o 15 years a rapid increase is to be expected in the
efficiency and diffusion of its constituent production
units. Technical progress has taken on a “nonmnal”
cumulative character and, consistent with the
regulanity detected by Mensch (1979), ie. shortening
of the innovation cycle as cach new long wave
sprcads, the gestation period of innovatio» is scen to
be contracting (table 1). The diffusion ot production
units of the new TP in this phase is determined by
demand which, as it grows in rcsponsc to more
cffective use of the new technology, in tum promotes
a further reduction in costs per unit measure of
efficiency.

Table 1.

Time span of gestation period for some basic technologies of the new technological pattemn

Manufacture of computers
Manufacture of NC machine tools
Munufacture of industrial robots
Manufacture of microprocessors

Manufacture of personal computers

15-20 years
10-15 years
10-15 years
5-10 ycars

2-3 ycars

b Seminar paper ENG ATUT SEM .8 R.35, onginally prepared in Russian
two are presented here, abndged and translated.

Ihe full text version of the papei compnses four sections, of which the 1aat

T The new techaoiogical paradigm (TP) 15 tsed 1 the context of the new 1n{omaton and commumcation technologaes, based on microelectronc, and
digtal techanlogy. This area s 1dentfied as the impetus for the filth so calied Kondratiev fong wave UPSWING teconomic Cycles of same ¥ vears,
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Complete tormation of the new TP at the same tinme
sgnifics  the  establishment of  an environment
conducive to rapid expansion of the camer branches.
This process is exactly what is now taking place in the
diffusion of FA installations, which, as the empincal
studics cited in the references show. have passed from
a lengthy eestation penod into the growth phase.

Dunng the gestation peniod of FFA diffusion, which
lasted roughly a decade (from the second half of the
19605 to the late 1970s), sufficient industnal expenence
was gammed and “natural” market selection was made
of the most effective technologies, which were adapted
1o the needs and potentialities of related production
units.

I'hus, as the structure of cconomic appraisals changed
with the displacement of the dominant TPs and was
reflected  in the  sharply reduced cost  of
mformation-intensive technologies in  relative terms,
the scope for cffective application of FA installations
began 1o widen rapidly. FA diffusion entered the
phase of “increasing vield,” characterized by steady
potential growth. In view of ths, 1t i1s to be expected
that the combined cffects of training, scales of
production and gradual changes in organizational and
managenal institutions will be to increase the potential
for I'A market penctration.  Over the next 15 to 20
vears, rapid and sustained diffusion of flexible
automation cquipment is likely in vanous branches of
production.

A diffusion in a centrally planned economy 1s
substantially  difterent. Changes in the formal
indicators, especially those constructed for the purpose
of long-range planning, show that in the USSR, too,
there has been rapid and sustained growth in the
diffusion of FA installations. However, this growth is
explained not so much by the increasing cfficiency of
A installations as by the concem of Government
departments 10 showcase major achicvements in the
manufacture and use of new technology. ‘This was
especially  apparent dunng the campaign launched
under the cleventh five-year plan for the introduction
and use of robots in industry.

According to sunveys conducted at that time, as well
as official statistics (Pravda, 26 January [986 and 18
January 1987, Volchkevich, 1987), no less than a third
of the 50,000 industnal robots produced between 1981
and 1985 had not perfformed even oue hour’s work. A
sample inspection made by the People’s Control
Committee of the USSR in 1985 showed that the
annual retum on introducing 600 robots, at a cost of
more than 10 mililon roubles, was a mere 18,000
roubles  (Sotsialisticheskaya  Industriya, 16 March

1988).  llere are some more recent figures:  the
number of industnal robots brought into scnvice in the
first three months of 1988 fell by a quarter compared
with the corresponding period of the previous year
(although robot production is continuing to increase),
and the pay-back period for these robots 1s 11 years
(Izvestiva, 9 Junc 1988). There i1s every reason to
suppose that the situation will be the same in the
current five-year period following mass production of
expensive means of flexible automation — flexable
manufacturing systems and flexible manufactunng
modules. Volchkevich (1988) reports that with some
FMS down-time accounts for up to a third of working
time and that precision of machining is not adequate
to provide ready-to-usc components, which have to be
finished on general-purpose machines.

No less significant 1s the fact that, with flexible
systems, production costs are generally three to four
times higher and capita! productivity 12 to 15 times
lo*ver than for conventional metal-cutting machinery.
In this context it is interesting to note that, as
estimated by D. M. Polterovich (1987), eight times
more flexible manufactuning systems and 16 to 17
times more flexible manufacturing modules arc to be
installed in the USSR between 1986 and 1990 than
will be produced in the United States over the same
penod according to predictions made by Amenican
specialists.

Thus, the relatively fast diffusion of FA installations in
the USSR cannot be explained by their increasing
efficiency. This is not surprising, given industry’s
general aim to comply with formal output volume
indicators and bearing in mind the current prcing
system in the centrally planned economy. Combined
with absence of competition and a user monopoly,
this trend means that the cost of new equipment will
continuc to grow relative to that of the analogues it
displaces at a rate estimated by Selyunin (1985) at 10
per cent per year. Hence structural changes in a
centrally planned cconomy cannot be brought about
by price changes or by the higher relative cfficiency of
new T'P production units, as in a market cconomy.

Present price reiationships are basically governed by
the reproduction of the oldest of existing technological
patterns, formed back in the industrialization period.
This cxplains why, in the present price system (if
projected on to the reproductive structure of the new
technological pattem now forming). prices for fucl,
energy and many types of raw and partly-processed
matcrials, as well as labour costs, arc substantially
lower. At the same time, the prices for instruments,
clectronic equipment, high-quality raw materials and
supplics and high-t~chnology cngincering goods are
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higher.  These deviations of prices tfrom the socially
necessary labour costs that would be consistent with
an advanced mproductive structure of the economy
have a negative effect on the nominal efficiency of
automated production facilities, since the devclopment
of such facilitiecs means forcgoing relatively cheap and
accessible economic peods and drawing more upon
high-quality expensive resources whose prices  are
inflated.  Mecasures of the nomunal efficiency of
facilitics of various technological patterns are thus
simply not comparable.

In a centrally planned economy, the key role in
ceonomic appraisal 15 played not by prces but by
centrally established prionties.  Thus, to evaluate the
nature of diffusion of new technologies one must rely
not so much on mecasures of their nominal cfficiency
as on those techmical paramcters which make it
possible to judge the real efficiency of the motive
forces of this process.

Despite  the relatively large scales of production
attained, automation equipment produced in the
USSR is charactenized by low reliability (mean time
between failures of an FMS in engincening branches is
often no more than a few hours, and it sometimes
takes months or even years to trace all the faulty
components and make the FMS fully operational), a
fact which can be explained by the unsatisfactory
quality of NC systems, clectnc drives, low-voltage
apparatus, digital display devices, beanngs, polymer
matenals and other components — many of which,
furthermore, arc produced in obviously inadequate
quantitics. The actual conditions of production of
automation cquipment indicatc that the requisite
combination of technologically interrelated production
facilitics has not yct been formed. Users are also not
ready to operate the new technical systems cffectively.
High-productivity equipment is quite often introduced
unsystematically (or not installed at all) and doces not
operate automatically. According to figures provided
by Volchkevich (1987), for example, in the first half of
the cleventh five-year plan penod no more than half of
the industnal robots produced were actually
introduced.  Morcover, 95 per cent of floor-type IRs
(the most common catcgory of robots in thc USSR)
cach service onc unit of cquipment, ic. replace one
worker; and in one well-known case 600 IRs replaced
85 workers.  Only 54 per cent of IRs operate as part
of robotized complexes and the remaining 46 per cent
arc not intcgrated.  Only 45 per cent of IRs operate
with tool changes and the remaining 55 per cent are
tooled for only one product.

The logeal consequence of building up production of
automation  cquipment  withcut  comesponding
technological advances in related spheres of the
economy is to produce still greater disproportions in
the economic structure. letting the production of
automation cquipment run ahcad like this without
good reason puts excessive pressure on subcc~tractors,
who, in order to meet the growing demand,
corcentrate on expanding the volume of output rather
than improving its quality and rchability. In their
anxiety to report that they have fulfilled the major
.argets set by the Government on time, the producers
of component parts do not bother about production
costs. As a result, the price per unit of performance of
automated equipment nses from one year to the next,
contrary to accepted notions about the efficiency of
technical systems increasing as experience i1s gained in
their manufacture and use.  According to D.
Palterovich’s  figures  (1986), fitting mectal-cutting
machines with NC devices increases their cost by 7-8
times, but their productivity wncreases only by 1.5-2
times.  According to govemment plans, pnces for
automated cquipment will continue to nse i the
future. It is expected that by the year 2000 the price
of an NC machine tool will have doubled again; thus
the average price of a metal-cutting machine will have
increased sixfold by comparnison with 1983, but there
will be a ubstantially smaller increase in its
productivity. In the long term, the plans provide for
the improvement in the consumer qualitics of new
cquipment to be some 10 to 20 per cent greater than
the increase in its price — an insignificant figure. We
may note that the margin is 90 per cent in the United
States and, much greater in the basic industies of the
new TP.

Thus a bnef analysis of the diffusion of FA
installations in a centrally planned economy confirms
the conclusions of cmpirical studics as to its
ineffectivencss.  This incffectiveness is long-term in
nature and is due to the institutional structure of
social production in such an economy. For the time
being, cxpansion of the production of unprofitable
automation equipment is being financed out of the
budget. But this mecans that resources arc in fact
being rcallocated from traditional industrics to boost
the output of equipment that is not fully developed,
with the result that production costs do not come
down, but increasc — a state of affairs which cannot
continue indcfinitcly. To maintain high rates of
growth with an increasing volume of unprofitable
output is becoming a very expensive business, which
mcans that costs absolutely must be brought down
(sce table 2.).
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Table 2.

Rates of growth of production of autornation equipment in the USSR

1970-1975 1975-1980 1980-1985
Growth in production of equipment:
Computers x4 x 22 x L7
NC machine tools x LS5 x 24 x2
1970-1975 1980- 1982 1982-1984 1984-1986
Robots x I4 x3 x25$ x13
Note Calculated on the basts of figures from the Central Statistical Office’s statistical ycarbook on the

economy of the USSR and reports by the CSO (which comes under the State Committee for Statistics of
the Council of Ministers of the USSR) on fulfillment of the State plan for the period 1970-1985.

In the immediate future, we must expect a further
decline in the ratc of FA diffusion in the USSR. If
the administrative command system of organizing
social production is retained, the new technology will
soon be operating on a basis of simple reproduction,
and the introduction of FA will be confined 10 a
narrow sphere of high-technology industries supported
by State subsidics. If radical cconomic reforms are
put through successfully and markct-cconomy
institutions arc cstablished in the USSR, the new
technical pattern can be expected gradually to replace
nbsolete  industrics, and after the appropriate
conditions have been cestablished, there will be further
diffusion of FA as its cconcmic benefits become
evident in practice.  The conditions in question, in
addition to the establishment of supporting industrics
and the formation of new TP technological chains,
mply changes in the prcing structure, including a
reduction in the prices of control devices and
clectronic components and a nisc in the cost of encrgy,
raw materials, environmental protection and labour.
Great importance will be attached to corresponding
changes in the organization of production and cfforts
to raise labour standards.

FA diffusion models

The intermediate position of FA cquipment
production as onc of the carricr branches of the new
TP gives rise to a number of difficulties in modelling
and forccasting its development. On the onc hand,
that development will depend on the effectiveness of a
key factor which is embodied in the equipment but
produced in the motive branches. On the other hand,
the diffusiont of such equipment will depend on the
demand for new methods of production from other
scctors of the cconomy, which will in tum be
determined by a vanety of conditions, including such
unknowns as social and managenal innovations.

It has to be said that the cvolution of the
technological structure of an cconomy is a highly
complex, non-incar ‘and  unpredictable  process
influenced by a vast number of factors and by vanious
feedbacks.  The katter must, in our view, serve as the
basic matenal for mathematical modelling of technical
and cconomic development processes.  In addition,
the cvolution of any technology, and cven of a
complex of related industnes, cannot be represented in
solation.  The maodelling process has to be preceded
by a thorough analysis of its place in the technological
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structure of the cconomy and of its interrelations with
the economic and social environment.

The formal tools for simulating the diffusion of FA
installations have to be flexibic ¢nough to take
account of these crcumstances.  In modelling this
process. the approach to be adopted is. 1n our view, as
follows: All interrelationships between the vanables of
the process revealing reasonably constant patterns and
correlations have to be formalized and then combined
in a single model with the aid of decision-taking
procedures.  Such procedures also lend themselves to
partial formalization, given precise specifications of
cntena and limitations.

Technological advances in the modem economy
comprise three types of processes which are described
in different ways. The first is reproduction of the
traditional technologics of the previous TP, which
form the environment for the diffusion of FA. They
have alrcady rcached matunty in their development
and their technical and economic parameters can be
regarded as constant. Traditional econometnic
methods can be used to describe them.

Secondly, therc is the evolution of new TP industnies,
including FA installations. As has alrcady been said,
this is an unstable and unpredictable process, and can
be described by means of leaming curves, production
functions  with  discmbodied  scientific  and
technological progress and other familiar methods.

As has alrcady been stated, FA installations fall into
the category of camer branches of the new TP. In
order 1o model their diffusion, technological progress
in the motive branches must also be taken into
account. For this purpose we can usc autonomous
models of scientific and technological progress in the

icld of cketronic components and software for I'A
installations. For descnbing vanious non-hinear types
of feedback between the evolution of FA installations
and scientific and technical progress in other areas of
the new TP, the systems dynamics approach is highly
suitable. However, to apply it entals carnying out
empirical studies of direct links and feedbacks between
“kevel” vanables in the diffusion of the new TP, and
cvaluating the paramecters of flows between them.
including vanous time-lags, multiphers, scale and
feamning effects.

Thirdly, there are the processes of interaction between
the new and traditional TPs, which in the present case
means the replacement of traditional metal-working
technologies by FA methods. Here we can usc the
well-known S-shaped curves. The problem is that,
because of the umregular way FA diffusion proceeds
and the short time-series, normal statistical methods of
evaluating parameters do rot give refiable results. A
thorough analysis has to be cammed out to determine
possible saturation levels, the speed and timing of
upswings, and othcr paramcters of the displacement
processes. One of the most difficult problems 1s to
determine when an upswing is likcly to occur in the
displacement  of traditional technologies by FA
processes in various industries. For this purpose.
forecasts have to be made of the diffusion of FA
installations and of the decisions to be taken with
regard to investment and cost-bencfit assessments of
altermative technologies (new and traditional).

Fach of the processes cxamined above can be
descnibed mathematically. The problem of combining
them into a single macro-cconomic model can be
solved in various ways, the final choice of simulation
devices depending on modelling requirements.
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USE OF FM-TECHNOLOGY IN THE SMALL OPEN ECONOMY — CASE STUDY
FROM FINLAND

by J. MIESKONEN, SITRA, Helsinki, Finland

PREFACE

This paper is based on the data collected in Finland
between autumn 1987 and spnng 1989. Data for
analysis has been gathered with a large FMS
Questionnaire, which was prepared by IIASA in
co-operation with the Finnish TES program. Filling
in the questionnaire m the companies using FM
technology was done by the author. The method used
was a guided intervicw. The persons intervicwed were
in responsible positions in production (e.g- production
managers). Data were collected from ckeven FM
systems in cight different companies in Finland.
Additional data were also obtaincd from four other
systems in three companies.  Comparative data from
other countrics were gathered by 1IASA.  The
reference  countrics chosen were Sweden (5 cases),
Austna (6 cases) and Czechoslovakia (5 cases). The
author took part in the data collection in Austria.

Most of the figures presented here are based on eleven
Finuish cascs. Where a larger number of cases was
available from Finland, it is indicated in parenthesis
eg. (n=13). The cleven Finmish cases represent 73
per cent of FM systems in that country. Five Swedish
cascs cover only about 13 per cent, five Czechoslovak
cascs about 20 per cent and 6 Austnian cases about 75
per cent of total installations in cach country.

Conclusions from a large FMS data bank have been
used as additional reference matenial (Tchijov 1989).

This work has been done as part of the Finnish TES
programme (TES - Technology, Eccnomy, Socicty)
which is financed by the Finnish National FFund for
Rescarch and Development (SITRA).

1. DIFFUSION OF FM TECHNOLOGY IN
FINLAND

Use of the system-level production technology in the
Finnish mctal products industry started at the
beginning of the 1980s.  In 1982, two systems were
built by two diffcrent companics. Dunng the next
two years, the number of systems incrcased by one per
year. These four systems were developed more or less

in-house and were installed in big diversified
multi-industrial compamies.

During the next two years, siX systems were installed.
Onc new phenomenon was compact tumkey systems
which consisted of two machining centres, a
warchouse for pallets and transportation equipment.
Another new phenomenon was the growing interest of
medium-size companses in flexible automation. Four
systems installed in 1987-1989 were also for big
companics.

More than half the profit centres where the FMS is
located are of medium size. However, in nine out of
cleven cases, the mother company is big.  While none
of the systerns mentioned here is located in small
companics, some flexible manufacturing units are in
use in advanced small companics.

Altogether there are 15 FM systems in operation in
Finland. In addition, there are six systems in rescarch
and education applications. A rough estimate predicts
that there will be slightly more than twenty FMS
installations at the end of 1990. The estimate is based
on information about planned ir v=stments.

These systems are located in the southem and central
parts of Finland, which are traditionally tlhe most
industnialized areas. So far there is only one FM
system in the Helsinki area.

Altogcther  there are 49  numecrically-controllcd
machine tools in the Finnish FM systems. This
corresponds to less than 2 per cent of the whole
population of NC-machines in Finland and to about
2.5 per cent of cutting NC-machines (drilling, milling
and tuming machines and machining centres). There
arc 31 machining centres in these systems which
corresponds to about 6.0 per cent which corresponds
to the whole MC population.

The total number of industnial robots in Finland is
545. Deducting those in educational applications (69),
there are 476 in production application. Thirteen of
them are in FM systems, which corresponds to 2.7 per
cent.
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Figure 1. Accumulation of the FM systems installed in Finland between 1962 and 1989
and a rough estimats for the near tuture
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These figures sxpressed as a percentage do not give a

stand-alone machines. However, the figures show

perfect picture of the importance of FM systems, some diffusion rates compared with single
because the production capacity of a system consisting ~ NC-machines.
of three machines is greater than the capacty of three

Table |

Size scale of the Finnish companies and diffusion of FM-systems

Number of employees

Number of cases

Corporation Profit centre
Big company in Finland over 500 9 5
Medium-size company 100-500 2 6
Small company under 100 0 0
Profit centre = A factory or separate production unit where the FMS is located
Corporation =  The mother company of the group

2. TECHNICAL FEATURES OF THE FM
SYSTEMS

A typical Finnish FM system is rather small, i.c.
compact production equipment consisting of less than
four NC-machines, in most cases without industrial
robots integrated into the system. The magazines for
tools in the machines are large. On average, more
than 120 tools are reserved for each machine.

Planning and realization

The majority of the Finnish systems were planned by
a system vendor. The vendor has also realized most
of the systems. It is worth mentioning that in 10 out
of 15 cases, the integrating parts (warchouse, control
software, transportation) of the system were made in
Finland. Only two systems are imported as a whole
and three systems are of mixed configurations.
NC-machines are mainly imported. Only two out of
the 49 machines were produced in Finland.

In Sweden every case system was planned and realized
by the user company. The Czechoslovak cases were
mainly planned by the user and realized half by the
user and half by the system vendor. All the
Czechoslovak cases are of local development. All the
Austnian cases were planned and realized by the
system vendor. None of thc system vendors for
Austrian cases is Austian. This is peculiar, because
there are system vendors in Austria, but for some
reasoni they have only export references.

Machining functions

Most of the Finnish systems produce prismatic parts.
Only two systems are for rotational parts and two
systems produce both prismatic and rotational parts.
None of the systems is used in sheet mectal
applications. A couple of sheet metal FMS are now
in the investment phase in Finland.
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The machining functions of the 11 Finmsh systems
are divided as shown in the table below.

Table 2.

Distribution of machining functions in the eleven
Finnish FM systems

Machining functions

Driling 10
Milling 10
Tumning 5
Thread cutting 4
Grinding 2
Bonng 1

Other functions

Washing 7
Debumng 2
Heat Treatment 1

Almost two thirds of the machines in the systems are
machine centers. Other machines used are lathes,
grinding machines, sawing machines and mulling
machincs. As mentioned before, there are only a few
industrial robots in these systems. Altogether seven
robots are integrated into the systems. Two of them
arc in deburring and five are in material handling
application.

Transportation, warehousing

In all but threce FM systems the internal
transportation is based on pallets. On average, there
arc 53 pallets in cach system. That is more than in
the Swedish and Austnan cascs, although they have
more machines per system.  In most cases pallets arc
stored in a high storage (pallct stacking). A high
storage is usually, however, only two or three sheives

high to avoid the extra safety devices required by strict
elevator regulations.

Transportation inside the warchouse is done by a
stacker crane which also loads and unloads the
machines. Only one system of the 11 participating in
this research uses automated guided vehicle (AGV) as
a transportation device.

Parts, products

The average machining time for parts or part pallets 1s
about one hour. This shows that the parts machined
in the systems are rather complex and that simple
small parts are fixed on group fixtures. On average,
the size of a part family 1s 134 parts. Typical parts
produced in the systems are gearboxes. gear axies,
flywheels for diesel engines, cylinder heads for diesel
engines and hydraulic parts.

Materials

The most usual raw matenial is cast iron. Six of the
systems use only cast iron as raw matenal, one uses
only steel. Two of the systems use both cast and steel
and two of the systems use also aluminium and brass.
Matenials are critical for smooth unmanned operation.
Many disturbances occurring during night shifts are
caused by difficult matenals and wrong cutting
parameters. Cast iron is the easiest matenal for
unmanned operations.

The end-products of parts made in fifteen Finnish FM
systems are shown in the table below.

Table 3.

End-products of the parts machined in the Finnish
FM systems

Machines

Diesel engine

Axles

Machine tools
Transportation vehicles
Instruments

——— e lw da
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Figure 3. An example of common FMS configuration in Finland (Valmet FASD)

Figure 4. FMS distribution over pay-back time
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3. OPERATION OF THE FM SYSTEMS

Finnish FM systems are not only planned for a large
part family and a small batch size but also operated
according to these goals. The average number of parts
the systems produce is 134 (n=15) which is a little
more than the average planned part family (129). The
smallest part family consists of 11 parts and the largest
of more than 300 (n=15). Two Czechoslovak cases
have a part family of more than the average planned
part family (129). The smallest part family consists of
11 parts and the largest of morc than 300 (n=15).
Two Czechoslovak cases have a part family of more
than 1000 different parts.

The average batch size is as low as 8.8. Three systems
are operated with one part batch size. The highest
batch size is about 40 parts. One reason for this is
certainly the high diffusion rate of JIT production
(JIT - just-in-time) among these user companies.
The average batch size varies considerably among the
three countrics compared. Among the Swedish cases
there are some serving the automobile industry which
partly cxplains the large average batch <ir .

The correct use of an FM system is essential for
gaining the expected benefits. “Don’t buy a sports car
if you are afraid of high speed.” Realizing that is one
success factor of Finnish installations. Of course there
is still a lot 10 do to improve the operation, c.g.
improving utilization rate.

» Case:

Operation of one of the casc companics is based
on the production of the serics of one product.
The company makes about 5000 different
end-products from five basic modules. The five
modules cach have 10-35 different vanations by
size, shape and material. The whole production is
organized to support a continuous flow  of
material in onc-part batches. The FM systems
also support this. Even if there were orders of c.g.
20 identical products, the production control
system would break down the order into single
parts.  Actually the capacity of the whole
production would collapse if there were a large
order for the same product, because the pallets are
tailored for specific parts.

Most of the M systems in Finland arc operated
in three shifts. The average shift rate is 2.7, while
it is 2.8 in Sweden, 3.0 in Austria and 2.1 in
Crechoslovakia. Maximum unmanncd time is on
average 11.2 hours, which is much morc than in
the other cases. Only two Finnish systems use no
unmanned night shifts. Only onc of the Austrian

s:stems i operated unmanned.  One reason for
this could be the lower Austrian salary levels
compared with Sweden and Finland. There could
also be some cultural reasons behind this
phenomenon.

4. ECONOMIC FEATURES OF FINNISH
SYSTEMS AND COMPARISON WITH SOME
RELEVANT COUNTRIES

Most of the Finnish FM systems scem to be
economically quite successful. Unfortunately there is
a lack of information concemning ROl and IRR figures
(ROI — retum on investment, IRR — intemnal rate of
retumn), which are the most typical parameters of
profitability. Information of pay-back times (which
describe the financial effects of the investment better
than actual profitability) is however available. On
average, the pay-back time is three years, which is
rather short compared with Austna and
Czechoslovakia. Although it should be noticed that
Finnish systems are not only smaller by number of
machines but also by size of investment. International
data show mostly longer pay-back times (Figure 4). It
should be mentioned that the 76 cases covered in the
figure include 13 Finnish cases. When companng the
size of investment per number of machine tools, it
may be scen that the Swedish systems are most
expensive per machine and the Czechoslovak are the
cheapest.

One of the most important rcasons for FMS
investment is the aim to reduce capital ticd to the
inventorics. That has also been the aim of JIT
production and OPT production (OPT - optimized
production technology).  According to the cases
cxamined, Finnish systems have on average reduced
inventorics 80 per cent and work in process 75 per
cent.  Swedish systems have also reduced these
paramcters considerably.  This indicator of technical
development is of course connccted with a starting
point. But when onc looks at the decrease in per cent
it is quite reliable. The large FMS data bank gives the
average per cent for inventories and WIP reduction
(WIP-work in progress) as 64 per cent.

The other important reason for investment is to save
one cxpensive labour force and to replace it with
automatic functions. Qur cases show that even when
the average absolute reduction of the labour force is
quite small (because the FM systems are small
compared with those in these countrics), the relative
labour saving is almost the same in Finland, Sweden
and Austria — about 53 per cent.  The large data
bank gives a higher average percentage figure (77 per
cent) which could be because there are some large FM
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systems (almost unmanned factonies) included in that o starting with JIT plulosophy

data bank. » Economical:

5. HINDERING AND ACCELERATING o need to increasc profitability

FACTORS FOR THE DIFFUSION OF FM .

TECHNOLOGY 2 need to decrease unit costs
¢ Marketing:

The following aspects were raised when factors

accelerating diffusion of FM technology were © need to raise capacity

discussed: o investment as a reference
* Technical: + Organizational:
o know-how of NC technology o lack of skilled workers
o earlier experience of FM technology * Strategic:
o earlier experience of unmanned production o strategic decision to invest in  system
technology

o construction changes in product

Table 4.

Average technical indicators of FM systems in Finland, Sweden, Austria and Czechoslovakia.

COUNTRIES SF S A Czechoslovakia
NUMBER OF CASES 11 5 6 5
Number of NC-machines 33 5.8 4.16 13.8
Number of robots 0.64 1.6 083 0.6
Number of tools per machine 124 59 80 66
Total number of tools 339 347 459 87
Number of pallets 53 40 28 - |
Number of pallets per machine 16 6.9 6.7 - |
Size of part family 134 20 103* 1338
Avcrage batch size 9 1063 439 151
Average set up time, (minutes) 8 62 - -
Cutting time per pallet, (minutcs) 53 41 20 -
Throughout time of prod. (h) 47 37 - -
Type of part produced: (%)
prismatic T 60 60 20
rotational 29 20 20 60
sheet metal 0 0 20 20

* Sheet metal case has beén excluded because of irrelevant comparison.
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The most mmportant reason for accelerating  the
diffusion of FM technology is carlier expenence with
NC technology and unmanned production in general.
The natural reason for  diffusion improving
productivity.  Soine companies have made strategic
decisions to invest only in system technology. The
following factors hindening diffusion were mentioned:

¢ Technological:

1A

¢ lack of technical support from vendors

o lack of CIM knowledge at every level of the
company

o vendors do not have practical references

o the old products do not fit automated

production
o componcents for automation are too unrehable

o too many diffcrent parts for FMS

» Orzaniational:
o difficultics 1n finding CIM expenenced people

~ adoption of new production philosophy takes
a lot of time

e Marketing:
o difficulties in finding vendor

o vendors have difficulties in fulfilling what they
have promiscd

As can be seen, the problems run from philosophy to
the quality of electnic power. The pioncers have faced
most difficulties conceming lack of vendors and
unrchable system components.  Many of the casc
companics scem to expect too much from the
vendors. It was a surprise that nonz of the companies
mentioned lack of capital or too high investment as a
hindenng factor.  Also, nonc of them mentioned
unsatisfactory investment calculation methods »s a

© quality of the electric current too low for  pyrer There scems to be more lack of know-how
computers than moncy.
Table 5.

Average economic indicators of FMS in Finland, Sweden, Austria and Czechoslovakia.

COUNTRIES SF S A Czechoslovakia
NUMBER OF CASES 11 5 6 5

Size of investment,(USS) 1.8 5.1 22 5.5
Pay-back time,(Y) 30 - 5.3 52
Change of stocks -80% 17" -25%% FSo
Change of WIP -15% -76% -43% -13%
I.abour savings, «@ olute numb. 6.9 17.8 14.5 -
1.zbour savings, relati . (%) 52.3 56.8 535 19.0
Change of unit cost, (.o} -1.5 -25 - -15
Max. unmanned time 11.2 5h 1.3 5.6
OTHER INDICATORS

Average installaiion ycar 1985.6 1982.8 1986.5 1982.6
Export rate of production 60.6 62 80 46
Investment per machines (US$) 0.54 0.88 0.52 0.39
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6. TYPICAL USER COMPANY

As shown in Table 1. most of the Finnish FM
systems are installed in big metal product companies
which have a worldwide market arca. The export rate
of the products made in FMS is much higher (61 per
cent) than the average in the metal product industry
(46 per cent).

A typical charactenstic of the enterpnises using FM
technology 15 that they are more or less pioneers in
developing  production with other means eg. JIT
philosophy, group technology, cell-based production,
2¢ro inventonies production.  Another common feature
1s long experience with NC-technology and the use of
unmanncd production with single NC-machines
(FMU - flexible manufacturing unit), in some
companies scveral years.

FM technology is also relevant to small companies.
None of the small companies has so far invested in

Figure 5.

system-level FM technology. One reason for this is
the lack of fixed product structure or strong own
products. They cannot invest in a production system
in which the parts are fixed on rather expensive pallets
and fixtures if they do not know what they will
produce next month.

The fifth figure shows that the ccmplexity of the FM
systemns bas a correlation to FM products of the same
company. The more complex system components
(sensors, robots, machine tools, control equipment,
system programs and FMSs) the company 1s
delivering the more advanced (complex) production
systems it uses in its own production. The two cases
in the low right comer can be explained as referemce
and R and D cases for the system vendor. Companies
which do not have any system products themselves
tend to invest in compact turnkey systems. Ten out
of fiiteen cas=s are in companies which also have some
system components as a product.

Correlation between the complexity of the FM technology used in the Finnish companies
and the level of FM technology components as a product for the same company or corporation

COMPLEXITY OF
FM-TECHNOLOGY
IN PRODUCTION
Complex (big)
FM-system ¢ 0 ¢ ¢
Medium
FM-system ¢ ¢ ¢
¢
Compact (small)
FM-system LK) 1 ¢
¢ 0
No system Component System FM-TECHNOLOGY
products vendor vendor AS A PRODUCT

Note : (#) indicates fifteen different case FM-systems

FOR USER COMPANY
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PREREQUISITES FOR IMPLEMENTING CIM — MOVING TOWARDS CIM iN JAPAN

by H. YAMASHINA, Kyoto University, K. MATSUMOTO, Nippon Denso Co., Ltd. and
I. INOUE, C & C systems Research Laboratories, NEC Corp., Japan

1. INTRODUCTION

The Japanese manufactunng technology is based on
the integration of high quality and low manufacturing
cost in the time horizon. The reason why it is
efficient to integrate those targets in the time horizon
is because the supenority of a company depends not
only on monetary matters but also on “the practice
pelicy” 1.e., to plan quickly and to put 1t into practice
quickly, to look at the whole production from the
viewpoint of time, to practice plans with the best
timing and to minimize the tum-around time. In
Japan CIM is expected to play a key role in quickly
developing, producing and distributing products in
order to gain z fur ner competitive edge.

This paper first reviews economic environments
surrounding “manufacture.” The sccond section
presents some comparisons between Japan and the
West on CIM concepts and approaches. The third
section rcports on the current status of CIM
implementation in Japan. The fourth section deals
with CIM in large-volume production, in which Japan
seems to continur to be ahead of the rest of the world,
stresses  the iumportance of quality assurance and
maintenance and pecints out the necessity of
developing suitable interfaces among computers,
machines, products/workpicces and operators for the
success of CIM. The last section presents three
examples of CIM which have proved to be very useful

in Japan.

2. ECONOMIC ENVIRONMENTS
SURROUNDING "MANUFACTURE"

2.1 Trend of supply and demand relation

In the current mature cconomic climate, market
demand is highly vanable.

Figure 1 shows a conceptual relationship between
demand and supply from the time before the first oil
cnisis to the present. During the high growth penod
before the first oil cnisis, there was ample demand in
the market and vanous products were developed,
produced and sold mainly on the mitiative of the
manufacturer. However, all markets eventually
become saturated, and evidence of market saturation
began to appear afier the first oil cnisis, as shown in
figure 2.

2.2 Diversification theory

There is a theory in economics about the effect of
diversification on sales (1). Figure 3 illustrates this
theory. In this graph, curve S; shows the sales
volume over time of a given product. If this product
could be produced with many vanations in such a way
as to meet cvery kind of need, then sales could
possibly be increased to level S,. Likewise, if there is
a product that sells at level S,, sales could be increased
to level S, with increased vanations.

2.3 Growing need for products matching the
individual person’s circumstancas, personality
and tastes.

In the saturated market, manufactunng companies
were forced to face intensificd competition. In order
to maintain and hopefully to increase sales, they tried
to crcate a ncw market. For instance, in the case of
consumer durables, once it was a “must” to have, say,
onc air conditioner in cach house, but then the
manufacturers succeeded in creating the feeling that
each room needed an air conditioner.
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Figere 1. Trend of supply and demand relation
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Figure 3. Diversification theory
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Howvever, cveny room has a different capaaity, space
and wall colour. To put an air conditioner on the
wall. on the ceiling or on the floor depending on the
condition of the room. different kinds of units must be
provided to fit the different needs.  As the standard of
living has wmproved, consumers who have become
more affluent  have  willingy  accepted  such
manufacturer’s endeavours. As a matter of course,
there has been a growing need for products matching
individual persons’  circumstances,  personality and
tastes.

If manufacturers scll only theirr main products, they
arc hable to lose ther market share. In order to meet
the diversity of customers’ nceds, vanous types of
products must be produced. This tendency will
become more intensified in the future. Thus, afier the
first oil crisis, products have come to be developed in
consideration of the needs of the consumer.
Therefore, the period before the ol crisis is called the
“Fra of Product Out” and after the oil cnisis, the “Era
of Market In,” as shown in figure 4.

2.4 Product Iife cycle

Figure 5 illustrates graphically product lifecycles
during the 1970s and 1980s. In the 1970s, product
life-cycles were relatively longer. But  product
life-cycles have become increasingly shorter with
multiple vanations, because of new demand creating
activitics based on the policy of built-in obsolescence
by manufacturers. In part, these activitics have been
supported by recent technical innovation. This trend
is expected to increasc markedly. Accordingly, when
formulating a new production system, we must think
of, first, the production volume, secondly, the number
of varations and thurdly, the product life-cycle.
Depending on those figures, we then have to develop
a suitable production system.

2.5 Three most unfavourable conditions
influencing manufacturing

We face three mos* unfavourable conditions to
manufacturing, which are: diversified demand, great
difficulty of forccasting demand, and shorter product
life-cycles, as shown in figure 6.

Table 1 summarizes the problems generated by those
conditions and the major issues to be considered.

With the conventional manufactuning system and
production control mecthod, it is becoming almost
impossible for the manufacturer to cope with the three
most unfavourable conditions to manufacturing.

2.6 Competlitive factors in the market

What mainly counts as competitive factors in the
market for manufactunng companics are:

e Pnce
¢ Qualty including scrvices
e Dclivery date

In what order these items count depends heavily on
the product. It is normally the case that when a
customer wants to buy a certain product from a
company, hc wants to place his order with
specifications at the latest possible day and that once
he has made a decision, he wants to have it delivered
immecdiately or on a certain fixed date.  If he has to
wait for a long time until he gets it, most probably he
will lose his desire to buy it. If he finds a similar
product made by another company, if the price and
quality are almost the same, and if that product can be
delivered much faster, he may buy it. Thercfore,
delivery dates are surcly a very important factor for the
company to be competitive.

2.7 Two solutions flexible enough to meet
customers’ demand

To meet eustomers’ demand, the company can take
the following two steps:

1. To keep a very high stock of finished goods.

Then, whatever demand comes, there is no danger
of losing the customer since the company can
meet the demand immediately. This solution is
very attractive for the company since it enables
the company to have stable production.

In fact, in the West therc are many companies
which employed or are still cmploying this
solution. But, in such companics it often happens
that they do not have the very items customers
want although they have a high stock of finished
goods, and that the customers have to wait for a
long time until they get them.

The drawbacks of this solution are:
» Tied up capital in the finished stock can be
dangerously high.
» Some of the finished stock may become dcad
stock because the total demand is limited and

because the product life-cycles are getting
shorter and shorter.
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Figure 5. Product life-cycles during the 1970s and 1980s

1970 2| 1980
=]
)
>
B8
R
A S
Product life cycle =
-
Year
Figure 6. Market situations before and after the first oil crisis
[ -]
£
3
°
>
g “Market-in"’ period
3 (Produced goods which can be sold)
P " need
“Product-out” period Diversified customers’ needs
(Sell produced goods) * Difficulty of forecasting customer demand
* enough demand ® Shorter product lifecycles
1974 Year

1955

(First oil crisis)




Table 1. Problems generated by three difficult conditions

Unfavorable conditions

Problems in production

Major issues to be considered

Change in demands

Decrease in efficiency of personnel and facilities
More complex control

Diversitication

Decrease in efficiency of personnel and facilities
Lower quality

Many changes in types

Increase in part space

More complex control

Model change

Increase in investment of new facilities

Increase in rebuilding costs of old facilities

Increase of idle facilities

Increase of changing time from one type to the next
Decrease in investment efficiency

New product

Facility introduction to cope with

the start of production

Increase in investment of new facilities
Increase in personnel

Increase in the plant space

Flexibility

Lower degree of manning

Buiit-in quality at the process

High investment efficiency

High space utilization

Rapid capability at the start of production
Production mix

Less maintenance cost

Cim

91
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e Retailers. wholesalers and manufacturers have
in many cascs only limited space for keeping
inventory. Thus, it is very difficult for them
to store all the stock.

For these reasons, this does not seem the nght
solution.

~

. To have very short lead times to replenish the
stock of finished goods. Then. whatever demand
comes, it can casily be met. Ths s surely the
nght solution.

One function of inventory is to act as a buffer between
sales and production and between production and
purchasing. In other words, it separates the sales
function and the purchasing function from the
production function and cnables them to function
independently.  The mass production and mass
distribution system was made possible thanks to this
buffering function of inventory, as shown in figure
7(a). But the present mature and diversificd market
has made this solution unfeasible. Diversification is
liable to involve waste caused by the imbalance
between production and sales activities: More
preciscly, waste caused by excessive production of
products and waste not in demand caused by losing
sales opportunitics because of the shortage of
demanded products. Thus, if the production system
cannot cope with the market needs quickly cnough,
obviously shortage of products and ¢xcessive inventory
results.  This will be followed by a decrease of sales
and the loss of the company’s reputation.

Thus, it has become very important to be able to
provide customers with the products mecting their
demands at the night time and at rcasonable prices, in
other words, to implement  “just-in-time”
manufacturing and “just-in-time” delivery. To meet
the demand of just-in-time manufactuang and
delivery, the Japanese have found as a solution the
shortening of Icad-times. If lcad-times arc short
enough, any demand can be met whatever it is and
redundant stock can be eliminated. Few stock can be
accepted between sales and production and between
production and purchasing. In principle, with few
stock, production must confront dircctly the diversificd
and unforescen market, as shown in figure 7(b). This
mecans that only minimizing manufactuning cost is not
a sufficient critcrion to operatc the manufacturing
system. A new clement — flexibility — has become a
crucial concern for operating the manufacturing
system.

2.8 Vital elements to meet market demand on
time

The following are the major elements required to meet
market demand nght on time:

1. Investigation of market demind

ty

. Flexible production
3. Purchasing of the necessary matenals just in time
3

. Integration of sales, production, purchasing and
distribution functions

In other words, the competitive power of the
manufacturing company increasingly depends on the
speed of obtain.ng market information. The longer
the time required for obtaining the information on
market demand, the higher the stock level and the
bigger the nsk of manufacturing products not in
demand, leading to lost sales duc to shortage of
demanded products. Competitive power also depends
on the speed of procuning the necessary matenals, of
manufacturing the nght products in the nght quantty
and of distnbuting them to the night place at the nght
time and at the right cost. In Japan, CIM is expected
to play a key role in these processes — from market
investigation to customer delivery.

Owing to progress in microelectronics, data base
management and networking, it has become feasible to
implement CIV in the following ways:

I. Software : speed up of information processing by
computers, central  control  information  and
autonornous information control in the local arcas

2. Hardware : flexible manufactunng facilitices

3. Production management : synchronizatin of the
flow of products and the flow of inform:.tion.

3. CIM IN JAPAN

Table 2 presents some compansons between Japanese
strengths and Westem strengths in production.

Owing to those different strengths, there are obviously
differcnces between Japan and the West regarding
CIM concepts and approaches.

One feature of Japanese CIM is that CIM tends to be
understood in a2 broader sense. It may mean
Computer Intcgrated Management involving various
processes from market investigation to  customer
delivery.  CIM is often understood in a narrower sense
in the West, limiting its application to
manufacturing (2)
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Table 2.

Some compansons between Japanese strengths and western strengths

Japanese strengths Western strengths
1. AppiedR & D Basic research
2 Standardized, mass volume Customization
3 Process and production technology Innovative product development
4. Manufacturing New product design
5. Generalization Specialization
6. Hardware Software
7. Practical approach Theoretical approach
8. Incremental improvements Breakthroughs and mventions
9. Performance Function
0.

Quality assurance

New functions

CIM is understood in Japan to mean the application
of information technology to all aspects of
manufacturing, but when it comes to the precise
definition of CIM, there has been no consensus yet in
Japan. Many people discuss CIM from different
aspects of CIM and confusion often occurs because of
the lack of a precisc definition of CIM.

From the lesson of the failure of MIS (Management
Information System), CIM is assumed to take a
hierarchical, decentralized,  autonomous  and
co-operative form with the standardization of
interfaces among system components.  Figure 8
illustrates autonomous and co-operative aspects of
CIM, while figure 9 shows hicrarchical and
decentralized aspects of CIM.

The configurations of CIM would depend on the
charactenistics of products to be produced
{manufacturing volumes, the numbers of vanants,
product life-cycles, the sizes and weights of the
products, the number of parts that constitute the
products, etc.) and also the state of the company (the
size of the company, the available human resources,
the relationships with its customers and suppliers,
etc.). Even in cases of comparatively sirilar
companies, the CIM of one company would not be
the same as that of another. In other words, there is
no ready-made CIM. Each manufacturing company
must develop its own customized CIM. The
technologies of CIM are partly well known, but they
are still evolving. Thus, CIM would require long-term
commitment and strong leadership of top
management.
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4. CURRENT STATUS OF CIM
IMPLEMENTATION IN JAPAN

In order to cope with the current mature cconomic
climate which generates three unfavourable conditions,
diversified demand, greater difficulty of forecasting
demand and shorter product life cycles, Japanese
advanced manufacturing companies have introduced
step by step various tools such as NC machines, MC,
IFMS, robots, automatic warchouses, AGVs, etc., and
recently FA. FA makes it possible to rationalize its
direct labour which covers only a portion of the total
manufacturing  cost. Among those Japancse
manufacturing companies who could afford to
implement FA, the direct labour cost covers, roughly
spcaking, only about 7 per cent of the total
manufacturing cost. The major parts of the cost are
the matenal cost (more than 60 per cent) and the
overheads (more than 20 per cent). Such companies
have found that FA has obviously a lmit in
rationalizing manufacturing and are now moving
toward CIM. It must be noted that such companics
arc just a handful of the first-class manufacturers.
There are many companies who are not yet ready at
all to introduce CIM.

JMA (Japan Management Association) conducted a
survey on the “Current Status of CIM in Japan™ in
1988 by sending questionnaires to 800 Japanese
manufacturing companics listed on the first sections of
the Tokyo stock exchanges. Of the 800 companies,
277 companics answered. The definition of CIM uscd
by JMA is “a highly cfficient and flexible integrated
system covering varous functions from order receipt
to delivery by unifying all the information flows with

the assistance of computer technology.” This section

presents some of the survey results.
4.1 Situation of CIM implementation (figure 10)

About 30 per cent of the companics claim that they
have partly implemented CIM.

4.2 Who decides to introduce CIM (figure 11)

It is well known that Japanese manufactunng
companies improve the level of automation from the
bottom to the top, step by step. But when 1t comes
to CIM, top management needs to take the initiative
in carrying out the implementation of CIM. This is
because CIM requires long-term commitment, radical
changes, strategic investments and internal “order.”

4.3 Areas of CIM implementation (figure 12)

There are many manufacturing companies who
consider it uscful to implement CIM in the arcas of
manufacturing, order, receipt, production design and
production preparations, matenial procurement, sales
and distnbution.

It is worth noting that the Japanese manufactuning
companies are not expecting CIM to play such an
important role in k and D.

4.4 Purposes of implementing CIM (figure 13)

The purposes of CIM implementation in Japan are
mainly 1o shorten lcad-times, to automate =mall-batch
production, to strengthen co-operation  between
production and sales, to lower the overheads and to
reduce work-1n-progress.

Figure 8. Autonomous and co-operative aspects of CIM
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Head office level

Factory level

Production line level

Figure 9. Hierarchical and decentralized aspects of CIM
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4.5 Changes in job content by CIM

implementation (figure 14)

The major changes in job content arc standardization
of operational scquences and rules and unification of
receiving information at cach function.

4.6 Problems encountered in the process of
implementing CIM (figure 15)

Tle major problems to implement CIM are
insufficient personnel to develop in-house software,
insufficient staff who have strategic views on CIM
implementation and  difficulty in  ecvaluating
investment.
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Figure 10. Situations of CIM implementation
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Figure 11. Who decides to introduce Cim?
(Source: JMA 1988)
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Figure 12. Areas of CIM implementation
{Source: JMA 1988)
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Shorter lead times

Small batch production

Strengthening co-operation between

production and sales

Lower overheads

Reduced inventories

Reduction of dire=t labor cost

Improved product quality

Proper marketing

Reduction of material cost

Internationalization

Other

Figure 13. Purposes of implementing CIM
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Figure 14. Changes in job content by CIM implementation
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Figure 15. Problems encountered in the process of implementing CIM
{Source: JMA 1988)
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S. CIM IN LARGE-VOLUME PRODUCTION

In Japan, comparatively more applications of CIM
can be found in large-volume production. This is
because CIM becomes more effective when it has been
appled to large-volume production. This section
discusses  activities moving toward CIM in

large-volume production.

5.1 The history of automation in Japan and
ciM

The fundamental purposes of  production
management in Japan can be summarized in the
following five points:

1. To minimze manufactunng cost

2. To manufacture only quality OK products by
establishing a firm quality assurance system

3. To make lead-timcs as short as possible by
minimizing inventory

4. To meet delivery dates

5. To make the workshop happy and bnight in such
a way that it is satisfying for the operators to work
init.

Basically, automation will be pursued by satisfying
some or all of these purposes.

From 1950 10 the first half of 1970 when there was
ample demand in the market, Japanese advanced
manufacturing companics mainly sought scale ments
in automation, by automating step by step from a
sumple process (this is sometimes called point
automation), a production line (line automation) and
a product line (plane automation). Automation aimed
at reducing the manufacturing cost by scale merits and
assunng stable quality. In other words, it aimed at
reducing or climinating dircct manual work as much
as possible by creating a flow of products. In the
coursc of automation, consistcncy and integration
were constantly pursued. Shops of different functions
such as machining and assembly were connected by
increasing the reliability of each shop by the following
steps:

1. Shortening physical distances between different
functions

2. Synchronization between different functions

3. Darect connection.

After the first oil cnisis, companies started to look for
flexibility to cope with the new situations.  They are
now trying to obtain flexibility by synchronizing the
material flow and the information flow. This
automation (called solid automation) has basically the
following two purposes:

1. Reduction of total manufacturing cost

2. Minimization of lead-times from receiving orders
through production and to delivery in order to
achieve quick response to the market demand of
the diversified market.

The lead-times can be shortened mainly by proper
hardware arrangement such as product-onented
layout, one-piece flow production and short set-up
times. It is said in Japan that, roughly speaking, 80
per cent of the total productivity at the shop-floor
level can be achieved by providing good reliable
hardware while the remaining 20 per cent can be
achieved by good software. FA covers the former 80
per cent and CIM is expected to take care of the rest.
In the West, there are many reports of reducing
manufactuning lead-times, say, from three months to
onc month, by implementing CIM. It may be worth
mentioning that Japanese competitive manufacturing
companics who can afford to implement CIM talk of
lead-times in terms of higher hours or days, but not
weeks. They are now trying further to reduce
lead-times by implementing CIM. FA is mainly
featured by laying stress on the automation of the
workshop, but CIM makes it possible to unite
different functions such as order receipt, production,
delivery, facility maintenance, quality and safety by
creating a flow of information with the help of
information technology. CIM will eventually involve
suppliers” networks as well. This could lead to further
advanced CIM.

Figure 16 shows the ranking of various advanced
manufacturing systems developed so far in terms of
automation level.
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Figure 17,
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Incidentally, figure 17 shows the general trend of

organizational change together with the vanous
manufacturirz  tools introduced 10  rationalize
manufactunng after the Second World War. From

this figure it can be scen that Japan is focusing more
and more on the importance of production technology
in order 1o have efficient and flexible manufacturing
on the shop floor. As is easily understood from the
figure, the strength of Japancse CIM lies in reliable
manufacturing.

5.2 Quality assurance for CIM

In order for CIM to function properly, it is important
for the manufactunng system to tum out products of
stable quality. If the quality level is in terms of
percentage, establishing a highly efficent CIM would
be difficult since such CIM would mnvolve much waste
in order to take care of quality problems. Thercfore,
the quality assurance system plays a key role in
establishing and operating CIM. Table 3 illustrates
necessary activitics for quality assurance from the
design stage through daily production and up to the
after-service stage in the market. Companics having
excellent manufactunng techniques in Japan have
already adopted such a quality assurance system and
accumulated much know-how for establishing new
manufactunng systems for new products.

The problem that has been left to further development
of CIM 1s how to introduce new products into the
cxisting manufacturing system without causing big
problems. This is because it has become difficult to
depreciate the ssstem within the life-cvele of the
product owing to the shorter product life-cycle. Thus,
the establishment of CIM that can be used for
products of several gencrations and how to put new
products into such CIM have become a crucial
concemn in Japan.

5.3 Good maintenance for CIM

The success of automation also depends heavily on
maintenance.  If the level of maintenance is very low
and if cquipment cannot sufficiently be maintained
because of bad maintenance, establishing a highly
efficient CIM would be excruciating since such CIM
would involve too much waste to take possible
machine bscakdowns into consideration.

The cumently  used  time-based  maintenance s
becoming too costly as the degree of automation

advances. A more efficent condition-based
maintcnance has come to be demanded. When a
breakdown takes place, it is quite important to detect
the machine which caused the breakdown, repair it
and recover the system prompily. [However, the
detection of breakdowns of faclities sull must rely
mainly on personal expenence ai the moment.

5.4 CIM to cope with diversification

Diversified demand will eventually lead to “production
tv order of mass-produced items with many
vanations.” Although flexibility 1s required to meet
diversified demand, it is not realistic to produce, say,
from refrigerators to color TV sets by the same
system. In other words, flexability is required in the
framework of a speafic product, say, VIR to the
extent that as far as VTRs are concemed, they should
be produced by the same system. This system takes
advantage of flow production of high cfficency, makes
each process flexible, and produces only required
products based on orders. In the production to order
of mass-produced items with many vanations, an
operation at a machine or of an operator differs
depending on each workpiece.  Thus, it s vital to
establish a proper operational control system to
deliver information on when and what operation must
be done to every part of the system. In the case of
this control system, the “time” element plays a more
cntical role than in the case of lot production. For
producing vanous products, if disorder occurs between
processing information and the actual product flow it
will create a serious problem. In this sense, reliable
opcration at each process and the information network
system are very important.

To justify such a system economically and to opcrate
it cfficiently, standardization of design is esscntial.
This starts investigating the market trend  and
cstablishing the basic models which will lead the
market for a long period of time. Appropnate analysis
of users” demand and standardization based on the
analysis arc vital. What uscrs are after are only design
and functions of products. Design of the new product
must be made based on clear recognition of thosc
parts whicn can be standardized and also by taking
into consideration additional functions which would
be in demand in the future market.

The strategy of “standardized design” means that
cach finished product is different, but that it mainly
consists of basic standard parts.
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Table 3.

Necessary activities for quality assurance

(a)

(b)

(c)

Quality control of design
*Reliable quality function

*Reliable product design

*Reliable quality assurance

*Reliable quality confirrnation
Quality control of manufacture

*Design of rebable manufacturing

*Reliable quality assurance

*Total inspection of the cntical
processcs

*Reliable workforce
Evaluation of quality control activitics

*valuation of product quality
(Evaluation of the result)

*Fvaluation of the quality assurance
organization
(Evaluation of the quality assurancc process)

Quality function development system

Speaifications of parameters,
specifications of tolerances

Design review, FMEA, FTA control
of important points

Reliability testing

Specification of parameters, specification
processes of tolerances, investigation

of process capability

Process FMEA, quality assurance over
the entire process, control of important points,
rehiability testing during production preparations

Automatic testing, fool proof processes

devices, screening system, debugging system
QC circles, evaluation of skills

QC diagnosis
QA meeting
Quabty auditing system
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Product development in such a case 1s not possible by
the product development  depantment  alone,  but
requires. from the stage of Jdesign. close co-operation
amony Jditferent departments, such as the production
technique. quality assurance and production centrol
departments.  With such close co-operation, 1t
becomes possible to make drawings of product shapes
that facilitate production and the achievement of high
accuracy, to improve quality, to adopt new matenal
for reducing weight, to reduce the number of processes
and to develop new methods to nduce matenal
weight, etc.

There scems to cxist strong  sectionalism  between
diffcrent departments in western companices because of
mdividualism. People tend to see problems only from
the viewpoint of their department where they want to
be recognized as  specialists. Because of this
sectionalism, many good co-operation schemes must
be abandoned.  Newly appeanng industnal products
are getting more and more complicated and highly
value added. To produce such products, 1t 15 vitally
important to organue people cffectively and make
them co-operate with each other.

Computer-aided systems like CAD and DNC display
thair abilitics mainly by standardization that can be
put into the data base. This will make it possible to
launch on the market new products matching the
market needs just at the nght moment.

5.5 Interfaces

To synchronize the matenal flow and the information
flow requires the exchange of information among
operators,  machines,  products workpiecces  and
computers.  Such exchange can be achieved by some
kinds of input-output devices as shown in figure 18.
It 1s not too much 1o say that the success of CIM in
large volume production depends on interfaces among
vanous clements of the CIM. Good interfaces require
rchability and minimum matenal handling if labour
needs to be involved.  This rehiability means that no
mistakes take place and that cven if they take place
prompt countermeasures can be taken.

Currently available input output devices are listed in
table 4.

Although the bar code. OCR and magnetic cards are
bemng used more and more as mput devices i Japan,
more sophisticated techmques such as the vorce
recognition  techniques  and  the  image-processing
techniques are expected to be used in the near future.

6. EXAMPLES OF CIM IN JAPAN

This section introduces three pood examples of CIM
which proved to be very useful in Japan.

6.1 CIM for Minimal Inventories

6.1.1. Pull system (Kanban) and push system (MRP)
for JIT manufacturing

Table 5 gives definitions of Kanban and MRP systems
and figure 19 shows a companson between Kanban
and MRP systems concerning order fixed timing.

Because of the difference of order fixed timing between
Kanban and MRP systems, each system has a
drawback as shown n figure 20.

1. Pull system (Kanban)

WWith this pull system, there are buffers before and
after cach manufactuning line.  Thus, if a
manufactunng line has to process many different
parts, then the total stock level before and after
the line becomes unacceptably  high. For
example, even if the line has to produce of a
certain part only one unit per month, this unit
must stll be stocked in the forrn of an
unprocessed umit before the hne and a processed
unit after the line.  Thus, the pull system can
mainly be used for repetitively used items.

. Push system (MRP)

tv

With this push system, if the production schedule
changes, then the items which have already been
parthy processed and which tumed out to be
unnccessary must be stocked.  Actually, many
companics in Japan after using an MRP system,
have expenienced the following problems:

* Decad stock and work-in-process will increase

because of schedule changes necded to mect
markct demand.

* There are more missing parts at assembly
because of schedule changes.
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Figure 18  Exchange of information via interfaces
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Table 4. Input - Output Device

r— Indication meters
‘ Optical
display device Lamp
p—CRT display
—— Plasma display
b—— Liquid crystal displa
Output qui Y play
Device
Voice
p— responding —_——— Composite voice device
device
Output — Printer
b printing ———
device — XY plotter
p—Switch
‘ Contact point Wi
input device Key board
r— Bar code scanner
Input Optical input OCR
Device device
e |[Miage processing device
b Magnetic device ———— Magnetic card

L  Voice input device ——————— Voice recognition device
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Table 5.

Kanban and MRP systems

Itern

Kanban

MRP

Definition (content)

A kand of tool to manufacture or
buy as many parts as have been
withdrawn (sold) just in time

Weckly order method of unfixed quantity

1. Difference in

Dominated by the levelled production

Dominated by the production schedule

philosophy schedule based on market needs (Product - 1n)
with adjustment possibility
(Market - in)
2. Difference in Pull system from assembly Push system to the Ist process
mcthod (the process close to the market) (in the workshop)

3. Control time unit

Daily production and nrdering
method based on the weekly
assembly schedule

Weckly (or every ten days) ordering
mecthod based on the master schedule
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Figure 19. Order fixed timing
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Figure 20. Drawbacks of Kanban and MRP systems
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612 Possible comtinations of Kanban and MRP
systems for mimmal inventories

I. Casc | When the production schedule 1s made
based on real orders.
2. Case 2 : When the production schedule 1s made

bascd on a concrete sales plan.

In these two cascs, MRP could be used for
purchasing nccessary raw  materials and
components which can be stocked in the
warehouse. Kanban can be wused for
manufactuning orders and delivery information
within the plant.

3 Case 3 When production lead time is short
cnough and when the production schedule 1s made
based on the minimal delivery unit.

In this case, it becomes possible to combine pull
and push systems to minimize buffer stock and to
accommodate for sudden changes as shown in
figurc 21.

An auto component supplier in Japan has already
implemented this combined pull and push system for
producing radiators and succeeded in meceting the
demand on time and at the same time minimizing the
finished stock for the customers. This type of CIM in
the factory nceds a rchable nctwork to connect
different branches and careful consideration for the
inicrfaces among man, machine, product and
computer, as discussed in the previous section. To
develop such CIM requires good human resources to
establish the data base and to make the system
The company says that the keys to the
success of the svstem are the maintenance and the
incremental improvements of the system.

software.

6.2 CIM for customer-oriented production

Customer-oniented production means production not
based on dcalers’ demands but based on  real
customers” orders with short delivery time.

Iet us look at an cxample from the automobile
industry. Figure 22 shows the possible combinations
of body types, body colours, cngine types, scats,
transmission and so forth. For one basic model of the
car, there are normally several thousand possible
combinations.  Thus, to forecast cach real customer’s
nceds precisely 1s impossible.  Some  Japanese car
makers  alrcady  camry  out  customer-oniented
production:  the production schedule 1s made based
on the sales forecast but the real production is made
based on customers” orders.  They make monthly
production schedule concerning production volume

and basic models to be produced based on the sales
forecast. This 15 made three months ahead.  Then the
schedule is adjusted every month. They civide each
month into three ten-day production penods. Ten
days beforc each ten-day production penod, they
make the master production schedule for the peniod
and in a way freeze the schedule, but stull accept
changes of specifications if the changes are made four
days before the production day, as shown in figure 23.

Figure 24 gives thres conditions for customer-oriented
production, i.c., manufactuning based on customers’
orders, shortening of production lead-time and timely
procurement of purchased goods. CIM involving
order entry system, synchronization and multi-delivery
system is the solution to matenalize this
customer-oriented manufacturing system as shown in
figure 25. The configuration of this CIM takes a
hicrarchical,  dccentralized,  autonomous  and
co-operative form with the standardization of
interfaces among system components. Some Japanese
car makers usc this CIM to achieve production
cfhiciency.

6.3 CIM to integrate production, sales and
distribution system

6.3.1 Investigating market demand

Generally, based on the forecast of demand, a saics
plan is established. The sales plan is the starting point
for making all the other pkans such as preductior
plan, distribution plan, inventory plan, matenal
procurcment plan, etc. There will be a2 mountain of
goods if demands are lower than cstimated and there
will be a shortage of goods if demands are higher than
estimated. Thus, it is very important to establish a
good and firm sales plan. In other words,

1. The accuracy of the forecast of demand is very
important.

2. The gap between the sales plan and the actual
sales results must be checked as carly as possible
(preferably daily, if this is not possible, then
weckly).

Since companics cannot  control  the  market,
estimation crrors are liable to take place. Distnibution
information can play an adjustment role between
production and sales. Its major roles are to ascertain
the salcs situations of the company’s products in the
market as easly as possible, to clanify the gap between
the sales plan and the actual sales results and to feed
back the information to the production and sales
divisions.
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Figure 22. Possible combinations for producing cars
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Thorough pursuit of production efficiency

Figure 24. Three conditions for customer-oriented production system
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6.3.2 Two requirements for the distribution system
to investigate market needs as early as possible

In order for the distnbution system to play this role, it
1s required to satisfy the following two requirements:

1. To have an organization which grasps the dehivery
mformation, the inventory information and the
shortage information in order to see *he market
movement.

2. To grasp such pieces of information on each

product.

Based on those pieces of information,

1. Production of the articles in poor demand must be
stopped and new articles must be developed.

2. Production of the articles which scll better than
estimated must be increased. The cause of the
high sales must be pursued and new products
based on this investigation of the causes must be
developed and launched on the market as ecarly as
possible.

3. If some article sells well in certain areas and not in
others the rcason must be pursucd. It may be
that the sales activity in the poor demand areas
must be strengthened, or it may be necessary to
limit the sales areas of the article.

6.3.3. Integrated producticn, sales and distribution
systems

When the distribution system can play such a role, it
becomes possible to integrate production, sales and
distnbution inte a system. In order for the system to
function properly, it is vital:

1. To be able to grasp the dclivery information, the
inventory information and the shortage
information daily or weckly.

2. To have a firm sales and production plan as the
base.

3. To have a system in which is 1s possible to take
proper measures immediately.

If any of these are missing, the integrated system will
not function.

6.3.4 Case study

In Japan, the iron and steel industry and the textile
industry is advanced in CIM to integrate production,
sales and distnbution.

As an example of an integrated production, sales and
distribution system, let us examine one of the biggest
sanitary goods makers in Japan.

This company has a head office in Tokyo, eight
operation centres and about 110 distnbution centers in
various places in Japan as shown in figure 26. There
are about 300,000 retailers which sell their products all
over Japan. Between the retailers and the distnbution
centers, there are daily orders and daily deliveries. The
company says that with this system a customer can
get any product within 24 hours.

The debivery quantity and recetving quantity of each
article are input daily to the computer terminal of cach
dis...,ution center.  The host computer at the head
office collects on the same day the data on these
picces of information and checks for major items the
difference between the planned sales quantity and the
actual sales quantity regarding every article at cvery
distnbution centre. If the difference for any article
exceeds more than 30 per cent, the computer gives a
warning. Concemning this article, a meeting among the
concemned production, sales and distribution pcoplc
takes place. When they see the possibility that the gap
will increase, they change the predetermined
production plan and also thc¢ matcenial procurement
plan. The distribution plan will also be adjusted. As
for those items whose gaps stay within their limits,
production and delivery are made based on the
predetermined schedules.
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Figure 26. Integrated production, sales and distribution system
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The host computer caleulates for other articles the
stock kevels of those items and compares them with
the predetermined stock kevels. It the stock level of a
certain item becomnes lower than the predetermined
stock level. then its stock will be replentshed with a
certain fixed quantity.

In this way, the plan and actual result are compared
daily for every article at every distnbution centre.

Based on this mvestigation, the host computer gives
orders daily to production in the following way:

. X pallcts of detergent to A distnibution centre

... Y pallets of shampoo to B distnbution centre

The company. by having this kind of integrated
production, sales and distnbution system, has
succceded in mecting the market demand on time
while minimizing the finished stock between
production and sales. Unless production, sales and
distnbution arc intcgrated properly, delivery of any
goods within 24 hours would be extremcly difficult.
The company increased its sales by 1.4 times over the
past S years and :ts profit by 1.7 times. This is said to
bec onc of the most successful implementations of
CIM in Japan.

SUMMARY

The major findings of CIM mn Japan can be
surumarized as follows:

() In order to cope with the current mature economic
clunate, Japanese advanced manufacturing companies
expect CIM to play a key role in the processes from
market investigation to customer dehivery.

(2) There are differcnces between Japan and the Wese
regarding CIM concepts and approaches. One feature
of Japanese CIM is that CIM tends to be understood
in a broader scnse to mean Computer Integrated
Management.

(3) Many Japanese manufacturing companies consider
it uscful to implement CIM in the areas of
manufacturing, order receipt, production design and
production preparations, matenial procurcment, sales
and distnbution.

(4) CIM is assumed, from the lesson of the failure of
MIS, to take a hierarchical, decentralized, autonomous
and co-operative forrm with the standardization of
interfaces among system components.

(5) The prercquisites for implementing an efficient
CIM are good quality assurance and maintenance,
together with suitable interfaces among computers,
machines, products/workpieces and operators.

Notes

(1) H.J. Ansoff: "4 Model for Diversification”, Management Science, Vol. 4, No. 4, p.99.

(2.1) Hackstein, R.:

"CIM-Begriffe sind Verwirrende Schlagworter — Die AWF — Empfehlund schafft

Ordnung™ Tagungsband des AWF-Kongresses PPS 85, Boblingen 1985.

(2.2) CAM-I: "An Architecture of CIM”, R-88-ATPC-01, 1988.

(2.2) CIM-Wheel by SME.
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MANUFACTURING ORGANIZATION FOR COMPUTER-INTEGRATED
TECHNOLOGIES

by P. SIMMONDS, Brighton Polytechnic, Brighton, United Kingdom

introduction

Companics in the United Kingdom like those in most
other Furopean countries, have placed much emphasis
on the introduction of advanced manufactunng
technologies n order to enhance competitiveness and
ultimately stimulate the rcgencration of beleaguered
manufactunng sectors.! But, despite the availability of
sophisticated systems and an apparent willingness to
invest, the majonty of British cnginecring firms have
found implementation problematic and the promised
benefits slow to matenalise.

This is a message bome out by Furope-wide rescarch
and perhaps more interestingly in the latest reports of
several  international  management  consulants.
Organizations such as Booz Allen & Hamilton and
AT Keamcy, who talked « 1ly of system intcgration
five ycars ago, arc now advising companics that their
investments in CIM nced to be complemented by
extensive socto-structural investments.

This does not ncgate the nced for change or for
technological development. It does, however, suggest
that the trend towards computer-integrated
manufacturing systems is incremental rather than
revolutionary and very much dependent on people.

The economic rationale behind the need to develop
morc human-centred systerns was summed up in the
statement by the President of the gant Matsushita
Corporation, Konosoke Matsushita: “we are beyond
the Taylor modcl... the survival of firms ... depends on
the day-to-day mobilization of cvery ounce of
intelligence.  For us the core of management is
precisely that art of pulling together the intcllectual

resources of all.. in the service of the fum... The
intelligence of a handful of technocrats... is no longer
enough (to take up the new technological and
economic challenge) with any real chance of success.™?

Human Factors and Integrated
Manufacturing

It has become clear that simply investing in what we
cuphcmistically call Computer-Integrated
Manufacturing (CIM) technology is no guarantee that
a company will be better able to cope in an
increasingly global and  highly  differentiated
marketplace. This 1s, in part, because the
development and exploitation of technology is in itsclf
a dynamic process fraught with nisk for the innovator.

However, earlier work camed out at the Centre for
Business Rescarch. on Computer-Aided Engincenng
(CAEL) and Flexible Manufacturing Systems (FMS),
concluded that some of the most immediate reasons
for the limited commercial success were structural
rather than technical. Figure | details some of the
bammiers to implemcentation that we came across duning
the course of our rescarch.

Conclusions from the FMS studies were that the
majonity of benefits accrued from what has been
termed the “computenzation cffect” . The process of
sclf-reflection and the use of morc human-centred
methods, such as JIT, had brought the biggest
benefits.  Expectations that the “hard technology,”
with its inhcrent re-programmability would lead 1o
greater  product innovation and rapid customer
response, had not materialized: companies, for the
most part, did not cven re-program sysicms.?

I Manufactunng Orgamization for Computer-Integrated Techaninges (MOCIT) 1s 3 collaborative project between the Centre For Business Research
(CBR) 1n Bnghton and the Change Management Research Laut (CMRLU) in Sheffield. The CBR s the business research arm of the Bnghton

Business School, and the CMRU cames out 2 simular function at Sheffield Polytechmic.

The two year programme 15 being funded by a

jmnt-commuttee of the Bntish Science and Engineenng Research Council (SERC) and the Econonuc and Social Research Council (ESRC).

2 Personal communicaton quoted 1n John Bessant and Alec Chisthoim’s “Human Factors in Computer-Integrated Manufactunng™ sn Tom Forester's

(ed) Computers in the Human Context, 1989,

3 Sce Bill Haywood and John Bessant's "FMS and the Small o Medium Sized Firm™ and “The Swedish Approach (o the Use of FMS,” 1987. CBR

Occasional Papers nos. 2 & 3 respectvely.
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Figure 1.
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Our rescarch abso found  that management  had
consistently  underestimated  the magnitude  of the
problems  involved in  the transiion from  an
orzanzation tuncd to comentional mechanization to
one usng mtegrated. computer-based systems.  The
management  consultants AT Keamney came to a
roughly sumilar conclusion i their 1989 survey of
3000 United Kingdom manufactuning companics.
Figure 2 1s drawn from this study and illustrates the
idea that the greater the technological change the
greater the structural upheaval and the cost and time
involved in making that change.

There 1s widespread need for organizational change.
Our expenence s that the majorty of United
Kingdom manufacturing companies are charactenized
by product-based management and  functional
fragmentation: the existence of separate departments
for development. production, finance, marketing etc.
mediated by people and matenals appears
mnappropnate to the information-intensive nature of
CIM. In sumple terms, it would scem that
computer-based,  information-intensive  technologies
require more integrated and information-sharing
organizational forms.

While there is now a considerable body of anccdotal
and case-study evidence which suggests that some
degree of organizational and administrative adaptation
1s nccessary, the majonty of practitioners still do not
consider organizational or cultural factors as important
design vanables,

Organizational Structure, Technological
Choice & Manufacturing Strategy

The relationship  between  technical  systems,
organizational structure and the cnvironment has beea
extensively theonsed over the cars from the earliest
work of people like Joan Woodward in the 1960s to
the more recent work of John Child, in the United
Kingdom or Henry Mintzberg in United States® In
general the relationship 1s now scen in terms of choice
conduioncd by strategic contigencies: around product,
process, market, and other environmental factors with
the internal choices around organizational design and
technological system (figure 3).

This has given nise to a theonsed model or blueprint
of organizational design for integrated manufacturing

which can be charactenized along o number of
dimensions. What some have termed  the
“post-fordits™ or “flexible” organization 1s likely to be
based on cellular manufacture and group technology
with autonomous. multi-skilled work groups: greater
co-operation between functions and mmuch  tighter
vertical  organization  (between  suppliers and
customers) ete.

The immediate problem with such a model is the
tendency 1o generalize.  There are many vanants of
manufactunng systems designed to suit an equally
wide vancty of products and circumstances.  In
practice, the scope of choices available appears to
permit many different organizational configurations,
all with the objective of improving manufactunng
performance.  There is. thercfore, a need for tighter
definitions and greater clanty about the relevance of
individual organizational developments to
manufactuning strategy and ultimately to business
strategy.

MOCIT

There 1s, as yet, lttle detailed work on the exact
dimensions of these organizational developments.
Hence the MOCIT programme which is attempting to
map the organizational and cultural dimensions of a
number of “best practice” intcgrated manufactunng
companics, cach with some degree of congruence or fit
between their strategic oncentation, structural position
and technological system. Figure 4 lists some of the
primary organizational design vanables which are
expanded upon below.

Functional Integration

One of the most important organizational issues
concemns the effect on existing functional boundanes.
CAE and FMS, by dcfinition, integrate, through
nctworked computer systems and databascs, the
formerly discrete activities of manufacturing ~ design,
process planning, co-ordination and production, CAFE
and FMS also imply new and closer relationships with
markcting.  If the systems allow reduced lead times
and flexibility (however constituted), it should through
improved communications with marketing, enable the
organization to be more responsive and proactive.

4 Joan Wordward, “Industnal Orgamzaoon, Theory and Practce,” Oxford University Press, 1965, John Child, “Orgamizational Design for Advanced
Manufactunng Technology,” in Wall 7 af (eds), 1987. Henry Mintzberg, “The Structunng of Orgamzations” (1979) and “Structure 1n Fives,” 1748,
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Figure 3

Manufacturing Organisation for Computer-integrated Technologies

The Elements of Organisation Fit

Market Choice
Tect::1ology ORGANISATION Organisation
Choices Design

Choices

Procedural

Administrative

Choices

Figure 4

Manufacturing Organisation for Computer-integrated Technologies

Dimensions of change
Skills
Functional Integration

Work Organisation

Organisational Hierarchy

Culture




COMPULTER-INTEGRATED MANUFACTURING 179

However., this 1s not simply about production.
cenancenng and marketing talking to each other,
although in the majonty of Bntish manufactunng
firms this would be a significant improvement: it
should go further to impact on the content of the
work. In order for the organization to benefit from
the greater innovative potential of the CAE system,
for example, or the adaptability and rapid response of
the FMS system, there would have to be a
commensurate improvement in the effectiveness of
marketing rescarch.

The challenge to ewsting boundaries does not stop
within the organization and should ideally be extended
to both supplicrs and customers through much closer
and more interactive relationships. The coming
together of an engine design company with its
automnotive customer and machine tool supplier,
around a common CAL strategy has lead to individual
engneening workloads being conducted in parallel
rather than in sequence; and with greater
cross-fertilisation of ideas. The result has been an
immediate reduction 1n project development times, by
around 25 per cent and substantial savings in rework
and engincenng changes.

Impact on Manufacturing Methods

One area which is consistently mentioned by
organizations is the inappropnatencss of ecxisting
accounting methods 1o the cvaluation, justification
and development of such capitai-intensive  and
integrative technologies. The costs and benefits of
these  systems are not bome solely by the
implementing group or department. A hand power
tool manufacturer that revised its marketing and
market research cffort 1o complement an FMS
investment 1s a case in point. Traditional accounting
measures of effectiveness became redundant,

This resulted in production making a conscious shift
from mcasunng in terms of direct labour hours to final
product cost (this included serap, rework, support
activities ctc).  This costing or me:hods of evaluation
wis ©till too localised and Jdid no* include the knock
on cffects of the marketing re-appraisal. A
manufacturer of printing machinery ran an IFMS set
up in parallel with its conventional systems and found
itsclf running two accounting procedures.

Work Organization

At the level below function, these systems have had an
cffect on work organisation. FMS for cxample has
displaced many of the conventional craft roles, t" -
knowledge of machining and matenals 15 partly
embodicd within the system but has also moved
upstream into the engincenng and co-ordinating roles
and perhaps most importantly into those responsible
for programming. Gn the shop floor, the human
element has really shifted from that of doer to that of
monitor and manager.

With respect to work organisation the main choice
concems the degree of homogeneity in the job
structure. At one extreme a number of Bntish
companjes have maintained pre-existing and highly
differentiated job structures after investing in FMS. In
this case thcre was a polansation of skills, with the
programming and support functions being camed out
by service units from other departments, while
production pcople were rclegated to matenals
handlers. At the other extreme, two Swedish
companies were using highly skilled work teams of
graduate engineers. The latter is perhaps the ideal as 1t
arguably provides a social-correlation to the integrated
and multi-functional nature of FMS.

The majority of companies visited fell butween these
two options. For example, an outside scrvice group
may be used for primary programming activity, while
internai groups take respornsibility for control
monitoring, program  modification and most
maintenance tasks.  Management is faced with a
difficult decision between the casicr method of relying
on third partics and internal service groups to achicve
faster if partial benefits; and the effort, cost and risk
of trying to develop the more approprate skills and
work structures from the outset.

Integrated Manufacturing and Culture

Of course, the majonty of people would support the
autonomous, multi-skilled work team approach for
CAE or I'MS, but there are a number of Limiting
factors. A commercial vchicle cngine manufacturer
mentioned the practical difficulty of introducing a
labour-enhancing, non-hierarchical experiment into a
highly differentiated and  hicrarchical organisation.
Single status, multi-skilled work tcams were a cultural
shock and threatened both managers and operators
alike, with the result that the company fell back on
th: polanised work organisation mentioned carlicr.

The question for management was how to negotiate
such a fundamental shift in cultural values and
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expectations: quality, single  status,  collectivised
responsibility. continuous improvement. ctc. are all
relatively novel. A number of companies followed the
example of a leading computer manufacturer in
introducing a vanety of physical artefacts in an
attempt to create a new culture.

However, we have come across very little evidence of
companics going much beyond the single status
car-park or ncwly painted workshops, perhaps to
Matsushita’s human-centred scenario, where people
are seen as the most creative and cntical resource.

CIM, Skills and Training

While prevailing structures of control and hicrarchy
mnfluenced the kind of work organisation expeniments
companies could try, the problems of skills shortages
were equally problematic.  The homogeneous job
structure  in  Sweden, in part depended on the
availability of highly qualificd production workers. In
the United Kingdom, some skills were simply not
available such as softwarc engincering skills, while
other engincering or technical skills were cither in
short supply, unwilling to work on the shop floor or
working in other sectors. The implication of the
above is to increase the time and cost of implementing
more appropriatc work structurcs in DBritain, with
wider questions about the role of the Government and
the cducational establishment.

The question of skills and training is typically reduced
to technical competence for system users, but all of
our rescarch has pointed up wider shortcomings. In
terms of technical skills, most companies give the bare
minimum to those most immediately affected; there is
a paucity of technical competence among scnior
managers coupled with a lack of interest which has
consistently undermined any strategic it between
manufacturing and business nceds.  Technological
development has typically been incremental and ad
hoc, usually resulting from the operational priontics

and technical preferences of the vanous middle
managers.

But as we have mentioned above, the immediate
challenge of these systems is as much organisational as
technical. There 1s a comrespondingly massive need for
re-education and support to cnable people to negotiate
across these changing boundarnies and think and work
In a more problem-solving and reflective manner.
Although a number of companies had cxperimented
with non-technical training and education, 1t tended to
be very limited and the majonty of firms did not ¢ven
bother with anything like interpersonal or negotiating
skalls.

Conclusion

To summarise, empincal evidence suggests that the
trend towards computer-integrated manufacturing
reinforces the crucial importance of human and
organisational factors.

There 1s a growing need for organisational integration,
in which traditional departmental boundaries and
management hierarchics are  being  re-negotiated,
changed or broken down; and where skills are being
extended and or re-deployed. Qur research to date has
shown a range of possible organizational
configurations for different integrated systems in
different manufactuning environments.  The immediate
conclusion is that technology is only onc shaping
factor and that manufacturing strategy should be
bounded by local conditions.

In the longer term we nced to contitue our
asscssments of the experiences gained so far, to
improve our classification of organisational and
cultural dimensions in order to extend our
understanding of their strategic relationship  with
technical systems and provide commercially relevant
guidance to individual companics.
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WORK IN THE FACTORY OF THE FUTURE — IS COMPUTER-INTEGRATED
MANUFACTURING A MIRAGE?

by Karl H. Ebel, industrial Activities Branch, International Labour Office, Geneva,
Switzerland

introduction

There is a widening circle of opinion supported by
casc studics and -uscarch suggesting that industry is at
the threshold of a new era in manufacturing. It is
often believed that computer-integrated manufacturing
(CIM) will transform the world of work beyond
recognition.  However, there are also many voices and
evidence which tell a cautionary tale of failures in the
wake of the introduction of this new technology,
although failures are seldomn advertised because they
affect the image of companics. Has the CI'M concept
really the potential for far-reaching qualitative changes
in manufacturing and what can we reasonably expect
to happen to the men and women employed in
manufacturing? What will be the role of the human
factor in the “factory of the future?”

There is no generally accepted definition of CIM. It
usually denotes the computer control of the entire
production process from design and manufacturing to
product delivery. It comprises computer-aded design

(CAD), computer-aided planning (CAP),
computcr-aided manufacturing (CAM) and
com puter-aided quality assurance (CAQ).  These

functions and the subfunctions in cach arca are parts
of a system and arc fully integrated through computer
networks and have access to a unificd data basc. CIM
is thus ecssentially about organising and controlling
manufacturing of components and assemblies as
logically and flexibly as possible and mastering and
co-ordinating the corresponding flow of data and
information. It aims at optimising the use of
cquipment, decreasing Iead time and inventorics, high
product quality and lower unit costs. The synergics
created through integration are expected to lead to
cost reductions, higher productivity, and rapid
adjustment of product quantity and quality and
product variations, as well as delivery times to demand
in competitive national and international markets. It
appears to offer an opportunity to keep up with
shorter product life-cycles and to ecliminate rauch
waste.

The concept scems rational, sensible and appeals to
the tidy mind. It satisfics the quest of the engineer to

create order out of chaos. It assures and comforts the
manager looking for efficient means to control the
production process. Why is it then that the realisation
of projects runs into much difficulty in practice? Are
expectations too high? Even if allowance is made for
the fact that CIM can only be introduced step by step,
that it requires much computing power and the
mastering of complex systern architectures and
software developments, that different  production
processes need varying CIM systems (.c. they must be
tailor-made) and that “Rome was not built in a day,”
it is by now obvious that the initial optimism cf many
automation cquipment  and  system  supplicrs,
cngincenng rescarchers and management strategists is
not matched by the practical results achieved so far.
The “factory of the future” as described by CIM
advocates of the cnginecring profession remains largely
a figment of the imagmation despite  some
science-fiction type realisations. And even staunch
technocrats readily admit that industry i< far removed
from rcalising the full potential of CIM:i although
partial solutions such as flexible manufacturing
systems, automatic matenals handling, compurer-aided
design, computer-numerical control of machine tools
(CNC) have made much promising hcadway.
“Islands of automation” have thus been created in
many plants, but linking them is clearly not an easy
task. Some CIM systems have bcen set up as
demonstration or pilot projects and serve to leam
about this ncw approach 1o manufacturing, but they
are usually very costly and isclated expenments
outside the real world of production. The installation
of operational CIM systems in industry is in inverse
proportion to the talk about it. Should we, therefore,
regard CIM as an impasse, a fading fad or a
technocrat’s pipe-dreamn of manufacturing paradisc?

As cxpericnce in this field accumulates through trial
and crror as well as failures and successes, and as
different  schools of thought try to impose thcir
particular vision of the “factory of the future” it
becomes increasingly clear that there are various
dimensions to the problem.  They are of a
socio-cconomic, technical, managerial and human
nature and they arc partly rooted in industrial history.
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The socio-economic perspective

The CIM concept has evolved in the highly
industrialised countrics characterised by  significant
capital accumulation and high labour cost as well as a
solid and wide scientific and technological base, and a
developed social and economic infrastructure. It owes
its birth to rapid advances :n computer and
information  technology. Pilot  projects and
accompanying research to put the concept into
practice in manufactunng are concentrated in Japan
and the United States and some industnally advanced
European countries. Howevcer, there are considerable
differences in the approaches chosen which tend to be
a response to the specific socio-cconomic situation,
the industrial traditions and the factor endowment of
the vanious countnes and individual enterpnses.

These varying approaches may be typified as the
“technocentnc” and the “human-centred” approaches.
No industrial society has the monopoly of one or the
other and they co-cxist, although one or the other
tendency may prevail. The analysis below which only
points out the main features of these approaches and
neglects the historic roots needs to be seen in this
perspective.

In the United States, the so-called “technocentne”
approach tends to dominate in its pures* form. It has
often scrved as a model in other countries. ! Tt
dcnotes an  attempt 1o gradually reduce human
intervention in the production process to a minimum
and to conceive systems flexible cnough to react
rapidly to changing market demand for high-quality
products. Workers and technicians on the shop-floor
are sometimes scen as unpredictable, troublesome and
unrcliable elements, potentially disturbing  the
production and information flow which is best
centrally  controlled  through  computers. The
“unmanned factory” is the ultimate goal. It is the
extreme division of labour reaching its paroxysm as
subdivided and simplificd tasks executed by a mass of
low-skilled labour arc progressively taken over by
increasingly flexible intelligent and versatile industnial
robots and machine systems communicating among
each other via networks and compauters.

Only a residual role is assigned to workers as their
skills are supposed to be gradually and progressively
embodied in thc machines. Tt is hoped that this
approach will stop the ongoing erosion of production
know-how and rcgain lost superiority of US-style
manufacturing and competitivity in the global
market-place. Much capital and sophisticated
technology arc cxpected 10 overcome a deep-scated
structural problem: the decreasing competitivity of

American manufactuning in its home market and
abroad. It has been called the “moonshot™ approach.
Since US manufacturers produce for a large and
homogeneous home market, they can concentrate on
high volume products and relatively large batches in
component manufacturing. The ensuing production
process is relatively inflexible even though flexible
manufacturing systems and machining cells are used.
The central engineening challenge is thought to be
amving at continuous flow production of large
varieties of products and components without much
work-in-process, i.e. without idiing capital.  This
would ensure high productivity and adequate retumns.
The human factor plays a minor role in this equation.
This i1s a late vindication of Taylorism or Fordism
which was based on the principles and management
methods of using vast pools of unskilled and
semi-skilled labour. The increasingly sophisticated
machinery is thought to make most labour
dispensable. Traditionally adversarial industnal
relations and bttle commitment and loyalty of the
workforce reinforce this attitude. The technical office
manned by professional engincers and technicians
becomes  increasingly the repository of production
know-how to the detriment of production workers.

This approach carried to its extreme has proven not to
work very well or only at excessively high cost. It has,
for instance, been found that flexible manufactuning
systems installed in the United States often performed
worse than conventional technology. The relevance of
the technocentric approach for the future of
manufacturing scems, therefore, questionable. 2 It
may be a dcad-end because of an essential flaw: there
is mounting evidence that the type of flexible
automation which forms the core of CIM systems will
only work and remain operational when manncd by
highly qualificd and motivated workers who can cope
with the relatively frequent breakdowns of such
complex and sophisticated equipment and with
softwarc problems. In fact, there are persistent
complaints that the specific skills nceded for high-tech
manufacturing are scarce or simply not available. If
there is a lack or shortage of committed skilled and
thoroughly trained staff, systems tend to perform far
below their  potentia’  capacity. Inadequate
performance of such sophisticated installations appears
to be the rule rather than the exception. At any rate,
there is generally a long lcaming and running-in period
with uncertain future retums as a result of excessive
reliance on unproven technology.

The Japancse approach to CIM is driven by a
different rationale. Companies introducing advanced
and flexible automation systems can rely on a highly
qualificd, versatile and loyal workforce, and do so.
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Instead of progressing in the technological ficld by
gant leaps they prefer incremental improvements of
the production process and of quality, often enough
initiated by motivated engineers, technicians and
workers on the shop-floor. The wide adoption of the
quality circle movement is only one mamnfestation.
Emphasis is on product quality and production
scheduling (i.e. just-in-time production and electronic
ordering of matenals and components). Compared
with the outstanding manufactuning skills mamfesting
themsclves in the wide application of industnal robcts,
the integration of the information flow through
computers is relatively less developed due to gaps and
difficulties in software development. The most flexible
clement in the system is, in fact, the people who make
it work. Moreover, most companies opcrating such
systems tend to serve large local and export markets
and therefore produce relatively large senes, although
the flexibility of the equipment is utilised to a greater
extent than in Amencan rnanufacturing thanks to the
highly qualified workforce. The strength of this
approach shows in diversified high-quality mass
production. It is facilitated by a co-operative
industrial relations system.

Manufacturers  catering for relatively  small,
heterogencous or specialised iniernal or export markets
demanding high-quality components and customised
products, as is largely the case in Europe, have been
inclined to rely on another strategy in the introduction
of CIM. In view of the high investments required and
the often limited capital base they usually opt for a
cantious, pragmatic and gradual approach. The
panoply of CIM is adopted with restraint. “The skilled
and highly skilled craftsman and technician have
mostly remained the centre-picce of manufactunng.
While Taylorism had made some inroads in Furopcan
manufacturing, particularly in the automobile and
consumer durables industries, i1t never replaced
skill-based production in medium- and smali-scale
enterprises in the capital goods scctor where - division
of labour is only applicable to a limited extent. Such
enterprises competing in narrow markets or occupying
market niches always had to be flexible and innovative
to survive. The new computerised flexible and
integrated automation cquipment is primarily scen as a
more perfected tool in the hands of a skilled and
versatile workforce serving to enhance existing
know-how, to obtain greater flexibility, higher
productivity, better quality and shorter delivery time.
It 1s not regarded as a panacca to all production
problems, but as helpful in gaining a marke! share.
Such enterpriscs also tend to make a sustained effort
to retrain their staff. Also, a lesser division of work
allows the allocation of greater and wider
responsibility to workers according to their

qualifications and consequently more flexible forms of
managenal control and organisation, including
tcam-work and imaginative applications of CIM using
available skills.3

There are only vague estimates of the potential
economic benefits of CIM. They are usually based on
a few cases and stem from equipment vendors or
rescarch into limited applications. They are suspect in
so far as business accounting mecthods in use do not
pcrmit — or at the best approximately so — to
calculate the real returns of such investment. The
following indications are therefore given with due
reservation and should only serve as a basic
orientation.

Thus, CIM is expected to lead to a 10 per cent rise in
output, 5 to 20 per cent reduction in personncl costs
and 10 to 15 per cent lower production costs.
Inventonies could be reduced by 20 per cent, scrap by
10 per cent and order lead times by 50 per cent.4
Another cstimate assumes the potential overall cost
reduction to be S to 10 per cent, 1.c. more than the
profit margin of most companies; and points out that
CIM mainly gets nd of “hidden” costs and overheads,
e.g. accurnulation of work-in-process, idle machine
time. 5 There are also more indircct benefits such as
shorter product development cycles and accelerated
production of prototypes which help to maintain or
improve market position. The time-span in which
such ecconomic benefits could matenalisc is not
specified.

All investigations tend to concur that the actual saving
in labour cost is marginal when considering that the
latter normally ranges between 5 and 15 per cent of
total product cost. CIM just signifies that there will
be less but better remunerated highly skilled labour.
Such savings do not offsct the higher capital cost. Tt
has been suggested that the reduction of excess stocks
and work-in-process could potentially finance all
rcasonable investment in CIM.6

There is encouraging evidence that in general the
aggregate level of employment in industnal societies is
relatively little affected by the introduction of new
technologics.  The longterm trend of a fall in
manufacturing employment observed in industrialised
countrics certainly continues and technological
innovation is a contnbuling factor primarily
climinating unskilled work. However, on the wholc,
job displacement and redeployment of workers in the
innovation and rationalisation proccss appcar to
balance, and where technological change goes along
with strong economic growth, expansion of markets
and investment, it even tends to induce positive




184 ORGANIZATIONAL AND MANAGERIAL ASPECTS OF IMPLEMENTING CIM

cmployment effects through the revitalisation of the
cconomy.  Japan’s technology dnve and growth
pattern 13 a case mn point.  However. it would certainly
be vain to pin exageerated hopes on the introduction
of CIM and other high technology and their spin-offs
as an employment creation device.
“Reindustniahsation  through  high technology™  is
certainiy a misleading concept.” Only a very small
proportion of the labour force of the highly
industnalised countnes — some 2 to § per cent — are
engaged in this advanced sector, and this proportion
will nse only slowly, if at all, if past trends and
experience arc any guide.

The technical perspective

CIM is many things to many pcople. Enterpnses
have to seck their own solutions to the multitude of
technical problems in response to their specific
requirements. Depending on the complexities of the
manufacturing process and the existing Organisation
pattern they may well be formidable. Existing modcl
solutions are not generally applicable and only show
that integration is feasible to a large extent and under
specific circumstances — though often at a high pnce.

It 15, therefore, useful to keep in mind what can be
gleaned from varnious studies of CIM introduction
about the statc of the art.

There are first of all a2 number of technical
shortcomings. A great deal of rescarch and
development  cffort goes mnto  climinating  such

technical bottlenecks hindering a wider application of
CIM. Considerable progress is being made on a large
front and, a priori, one cannot say that remaining
problems are insoluble. However, there is still many a
hard nut to crack and it is not surc when and at what
cost effective solutions will be found.

The linking of a wide vancty of numencally controlled
machine tools and industnal robots, process control
computers, automatic transport and storage facilities,
quality assurance, design and production planning
functions and management information  systems
through networks is the technical rationale of CIM.
So far, the different subsystems of CIM such as CAD,
CAM, CAP, ctc., have been trcated as isolated
functions with their own requircments, logic and
softwarc. There are many partial solutions to bridging
these functions. They have helped to bring about
“islands of automation” in factories. Truly integrated
large systems, comprising all functions of designing,
manufacturng and assembling products with a great
number of components do not exist yet.

Networking of systems is mostly in its initial stages.
The development of computer software for such tasks
15 panstaking.  The pencral adoption of standards
which are vital for hinking computer hardware and
automation cquipment of vanous makes is lagging
behind.  As a matter of fact, there are constant
complaints about the proliferation of proprietary
operaling systems, communication options and
control programmes. The existing chaos holds back
nctworking as manufacturers  hesitate to  comnmit
themselves. It also increases costs.  Vendors and users
of flexible automation equipment are painfully aware
of this situation. General Motors, as one of the
largest  clients, has therefore  pioncered  an
industry-wide standard — the manufactunng
automation protocol (MAP) for the lnking of
inventory control, robotics, CNC machinery and
quality control and will only buy equipment
conforming to these standards. The company has
recently agreed with the aircraft manufacturer
BOEING which uscs the technical office protocol
(TOP) to make the two systems compatible. TOP 1s
largely complementary to MAP. These plans have
aroused some controversy. These systems have been
criticised for being too slow and exclusive, and for not
tying in with industral robotics. They are tinged with
the image of company proprictary standards. The
Intemational Standards Organisation has fixed itsclf a
more ambitious objective; it promotes the
Open-Systems  Interconnection  (OSI) which is to
enable all computer systems to communicate with
each other. However, OSI also encounters delays and
acceptance problems.® It appcears that a great deal of
rescarch is still needed to amrive at satisiactory
world-wide standards.

Compatibility of equipment and systems is certainly a
crucial problemn, but there are still others.  Much
information required in the production process is not
suitable for coding, computer processing and
transmission. This means that available data arc not
always complete or reliable.  However, full integration
of the production process means that it must be
predictable.  Stringent procedures are required which
have to be formalised and cover process planning, tool
supply, production planning and logistics. Such strict
procedures are, of course, the antithesis of flexibility,
but they are necessary becausec robots can neither
think nor anticipate.

Further problem areas are unreliable software and
automation equipment, rudimentary scnsory abilities
of industial robots, poor data quality and
accessibility.  The need for constant updating of data
bases is another drawback. The result of such
combined difficultics is that systems are vulnerable and
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break down frequently. often more than one-third of
the available tume.

It might be added that optimal CIM requires complete
rcal time data processing. However, current
computer-aided  manufactunng (CAM)  systems
process about 85 to 95 per cent of data by batches
which is considered insufficient

CIM 1s praised for its flexibility which is truc up to a
point, n particular when it comes to machining of
families of parts. On the other hand, it is ‘atively
inflexible with respect to alteration of batches and
when process innovation is contemplated. In fact,
every change of a customer’s order or equipment,
tools or materials has first 16 be modelled in the
computer system.

There are some technical remedics on their way. The
development of fault-tolerant computer systems is
making progress. The scnsory abilities of robots are
constantly improving. Greater data storage density
and processing speed of computers will help to build
more  “intelligent”  systems. Moreover, some
promising developments in “artificial intclligence” and
expert systems may well help to make systems more
tolerant and responsive to faults. Expert systems are
already being used in standardised procedures and
routine checking, and are beginning to play a role in
maintcnance, fault diagnostics, production control,
quality assurance, planning, scheduling, design,
notably computer-aided design (CAD), and support
software development and training. Nevertheless, such
systems have thcir limitations. They embody
knowledge extracted from cxperts and reason
according to rules, but there are !imitations to
formalising human abilitics, sensorial experiences as
well as open and complex industnal processes. Also
common-sense knowledge is not programmable, nor
do expert systems have intuition or practice associative
thinking. They can therefore support, but not replace,
human decision-making,

Another way of minimising technical problems is the
initial design of products in such a way that they can
be processed and asscmbled with the available flexible
automated cquipment. This means simplification and
reducing the number of components, strcamlining
assembly operations and generally taking into account
the ability of machincs and robcts at the design stage.

The managerial and organisational
perspective

There are different management attitudes cn how to
cope with CIM. In part they arc a mirror image of
the national idiosyncracics and differert industnal
histories evoked above.  Thus the technocentnc
approach results in management strategics which
ncglect or underrate the human factor in production.
It is frequently aggravated by short-term profit
maximisation considerations which are the cusse of
technology planning and management. The
introduction of CIM requires long-term strategic
thinking. From the managenal point of view it is
fundamentally an organisational quandary. It is about
creating order out of chaos. Equipment nceds to be
carcfully selected and compatibility  cnsured.
However, the essential question is how to reshape
existing production processes, how to alter
organisational boundanes and to make them
permceable.  This requires redesigning the information
and data flow. The difficultics of actually doing this in
cxisting organisations, to make them more cffective
and cfficicnt should not be undcresumated.

CIM introduction may well act as an antidote to poor
management practices. This is when the human factor
comes in. Industnal case studies and expenence
accumulated so far cleasly indicate that a pragmatic
management approach advancing step by step,
building up the skill, responsibility and motivation of
the workforce, investing in people operating the
systems and relying on the human factor in making
them flexible, has consistently paid off best.

The conviction that this is really so scems to be
lacking in many management circles, otherwise the
revalonsation of the human factor would be pursued
more systematically and consistently. At any rate, it
has been found that in gencral CIM is not primanly
introduced “to humanisc +vork.” The motives and
expectations of management mostly relate to inventory
reduction, more transparency of the organisation,
reduction of lead time, greater adhcrence to deadlines,
saving of personnel, greater marketing flexibility,
incrcased capacity use, higher product quality or
keeping up with technological developments, all
lcading to higher productivity.  Better working
conditions tend to be a very low prionty and a rather
accidental by-product. 10 In fact, working conditions
may even be neglected or worsen, particularly when
automated machinery is used to enforce an aceclerated
pace of work, where only residual tasks are entrusted
to workers or when stressful situations are cngendered
by computerisation.
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A management style allowing more autonomy of
production personnel may well mean a break with
entrenched principles and thus be conceived as a
threat to vested interests and the power structure in an
organisation. It is hardly surpnising that such clashes
are avoided almost at any pnce. It is. in fact, possible
to switch to new technology without making
fundamental organisational changes, and to keep
compartraentalisation and established hierarchies in
place. Information technologies may serve to
institutionalise and even reinforce ineffective and
counterproductive management practices such as
excessive centralisation of decision-making or abusive
monitoring of individuals if the powers that be
manage to fend off restructunng. This is, of course.
costly and leads to mediocre results while 1t prolongs
the life of organisational dinosaurs. It signifies the
defeat of the prnimary purpose of CIM, ie. the
integration of all functions. Such integration requires
“vertical and honzontal synchromisation of
departments, people, machinery and processes in the
flow of information and material.” 1! In such a system
the neccessary flexibility can be achieved through
decentralisation of information and responsibility
within a given framework in order to achieve small
and fast control loops. This enables the production
system to respond rapidly to market demand,
particularly in the case of many product options.

If progress is to be made in the cffective introduction
of CIM a clear strategy 1s needed endorsed by senior
management and promoted by the rank and file.
Nothing much can be done without the consistent
backing of top management but the stumbling block
can bc middlc-management which stands to lose
influence when hierarchies tumble and all required
information is  available  “on-line”  without
intermediary to all participants in the production
process.  This emphasiscs the nced for top-level
technology management, a function frequently
neglected as legal, financial -and marketing aspects tend
to dominate dccision-making at the top. It is not
enough to let middic-management acquirc technology
and then to do crisis management at the top when
bottlenecks occur in the organisation or qualifications
arc lacking.

Some have traced existing problems to the lack of
managenal competence.!>  Managers” knowledge of
advanced manufacturing systems is frequently limited
even when they have had a technical education or are
professional engineers.  Manufacturing technology
and, more in particular, information technology, is
moving fast. Professional knowledge and cxperience
once acquired becomes rapidly obsolete without
continuing exposure to shop-floor expenence. Thus,

potential users of automation equipment fear that they
cannot muster and constantly update the necessary
know-how. They often depend on outside consultants
and equipment suppliers.  They naturally tread
carefully in unknown terntory and avoid incalculable
nisks.

As capital requirements for the implementation of
CIM are high, managers are undcr pressure to justify
such cxpenditures. By the standards of a short-tcrm
rcturn-on-investment  (ROI) approach the financial
feasibility of CIM projects is mostly doubtful despite
the hypothetical economic advantages outlined above.
In fact, there are no gencrally agreed mcethods for
doing rchiable cost-bencfit analyses of CIM. As a
matter of fact, the cost of full CIM implementation is
often considered to be prohibitive despite the fact that
most equipment to build such plants may bc available.
It is also feared that the systems are incfficient to use
and expensive to maintain because technical change
would constantly requirc the replacement of parts of
the system, by definition not an casy job in an
integrated system.

To this should be added that in present flexible
manufacturing systems fixed costs constitute about 70
per cent of the total outlay. This is an indication of
the high nisks which management takes when installing
CIM.

There 1s, of course, also the more positive side of the
coin: risks are balanced by opportunities if the
predicted cconomic bhenefits of CIM  materalise.
Morcover, in the coming years capital requirements
arc bound to descend because cheaper systems are
being put on the market. It has also been estimated
that CIM plants could break even at 30 to 35 per cent
of capacity usc as against 65 to 70 per cent in the case
of conventional plants. Also the planning of CIM and
at least a partial implementation could help
management to improve the organisation of the
production process and the flow of communication.

But costs are not the only element to be considered in
making strategic decisions about the introduction of
CIM. A responsible and  forward-looking
managemcent may well conclude that it cannot a®ord
to be left behind in the technology race and that
rescarch and development expenditures for process
technology must be met and that investment in CIM
is required to remain competitive in the long run.
Clearly, much depends on the specific situation of the
cnterprise.

If the strategic decision to implement CIM is made,
management’s cssential task in implementing CIM is
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ov.reoming orgamsational resistance to change starting
from the shop-floor through all layers of the
organisation. The streamlining of an organisation and
making it fit for CIM may be a considerable challenge
but may be well worth it. The findings of a vanety of
suneys concur, in so far as those manufacturers who
have introduced advanced manufactuning systems
attnbute between 40 and 70 per cent of the total
improvement achicved to organisational changes. In
other words, the main benefit does not necessanly
stem from sophisticated and integrated technology but
from the reform of management and production
practices and from a more transparent and cfficient
organisation.!3

The human and social perspective
The indispensable human factor

If we admit that a technocentric approach to CIM
would be inefficient and counterproductive it follows
that the kcy role of the human factor must be
recognised.  The art is to assign a really cffective
function to it and to give people an opportunity to
make full use of their knowledge, capabilities and
skills, and to help them master the producticn process.
This means putting them in appropnately designed
jobs and workplaces, having adequate man’/machine
interfaces, making the production process transparent,
sctting up suitable work organisation as well as
providing the necessary training.

It i umportant to look at the potential weaknesses and
streagths of the human factor in a CIM environment.
Huraan beings involved in the production process are
error-prone, particularly under physical or psychic
stress. Noise or bad lighting may lead to fatigue. The
error rate also grows with information overload.
Survey findings show that 70 to 90 per cent of the
failures of technical systems are due to faulty human
intervention or system design.  Human beings do not
always work with full concentration, come to wrong
conclusions, make mistakes or do not act when they
should.  Their operating behaviour s relatively
unpredictable. Is this sufficient reason to try to banish
people from the production process?

There is clearly a wide range of tasks and functions
which arc best done by machines, industnal robots
and computers. This range is widening constantly and
morc and more manual operations are taken over by
machines. The improvement of sensors and actors
makes robots and other production equipment more
versatile, rapid, and exact. Some jobs can actually be
donc infinitely more  cfficiently and rchiably by
information systems and computers than by human

bengs.  This 1s particularly true for routine functions
such as data collection and their statistical analysts as
well as many surveying and control functions which s
the basis for automatic process and quality control in
production. It can be cnvisaged that the execution of
mereasing numbers of specialised functions can be
transferred to machines and computers.  We are
therefore fuced with a groving compleaity of such
technical systems.

However, as such systems become more complex they
also tend to be less fail-safe. In fact, they break down
frequently, causing hugh cost. They can be repaired
and perfected but this requires  skilled  human
intervention. In such an event workers responsible for
the operation have to make choices and decisions
which no technical system can make for them. Often
quick intervention is required which i1s based on
knowledge and experience and takes into account the
limits of the system. The human being despite its
weaknesses is. thus, indispensable for an optimal and
efficient use of automated cquipment. The qualified,
motivated and expenenced worker famihar with the
system can cope with uncertainty and is able to assess
situations, to find and interpret faults rapidly and
comrect them.  Judgement supported by technical
knowledge and experience, understanding of systems
and common scnse are qualities which cannot be
replaced by computers or artificial intelligence in the
foresccable future. In CIM systems machines and
computers may well take over most routine and
physical tasks but they do not dispense the people
involved from thinking, cntical decision-making and
responsibility.

The design of CIM systems

As the human factor cannot be replaced it is crucial
that CIM systems arc designed and planned in such a
way that people involved can do their job in optimal
conditions and can really apply their empirical
knowledge. In the first place this mcans that they
must not be made totally and helplessly dependent on
the system. ‘This might have scrious consequences
when system crrors cannot be corrected in good time.
Also, such dependence limits initiative, improvisation
and creativity, and fosters submission to routine which
in tum makes the systems, and conscquently the
enterprise, vulnerable.  Overdependence on systems
and machines has not only provoked disasters in
nuclear and chemical industnces, it is also the cause of
perhaps less spectacular. but none the less very costly
failures in automated production. Workers in CIM
systems designed to make use of the human factor
should be able to intervene in the production process
to optimise it.  This significs that the system must
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allow shop-floer programming of CNC equipment on
the basts of indications provided and discussed with
the design ofice.  The implementation of such
organisational prnncples presupposes the availability
of appropnate man machine interfaces and software.
An example of what can be done 15 the use of a
portable clectronic sketch pad which could help to
overcome the notonous divorce of designers from the
realities and construints of the production process
which has been accentuated by computer-aided design.
Such a device will help them to discuss design ideas
with shop-floor personnel.!4

A further problem to be considered is that the physical
distance between the  personnel  operating  or
supervising the equipment and the process tends to
widen. Much visual and manual control is replaced
by sensors which transmit data to screens and data
bases. The worker is faced with control data at his
workstation, but loses direct touch with the process.
Often it can only be monitored from a control room.
It has been found that such distance from the process
may make quick reaction and the correction or
compensation of system faults more difficult because
wamnings cmitted by the system can be misinterpreted
or neglected and workers lose the “fecling” for the
process.  This means that the process must be
designed transparently, be comprehensible and
sufficiently accessible without hazards in order to
allow the required or desirable intervention.  Some
rescarch has been done on the significance and role of
empirical knowledge of machines and matenals which
expericnced skilled workers possess. It appears that
they devclop a fecling, almost a sixth sense, telling
them what is wrong with a machine and how it works
best. This capability is precious and should not be
underestimated for the smooth running of advanced
manufacturing systems.!$

In the technocentric approach to CIM there is clearly
a danger that most production knowledge will be
incorporated in thc computer and cxpert systems
without giving workers sufficient opportunity to
evoreise their skills which would waste away because
they are no longer used. Howcever, this would make
production systems very unwicldy and vulnerable and
their formalism would cause considerable constraints.
Moreover, the human knowledge base of enterpiises
could be croded to such an cxtent that their future is
put in jeopardy. This is foo high a price to pay for
enterprises which depend on the qualification, skill
and adaptability of their workforce.

Morcover, there are signs that the technocentric
approach may cause the disaffection of the workforce.
Research findings in the United States suggest that

workers in high technology industnes are less satistied
than other manufactunng workers due to more ngd
rules, stricter discipline, and closcr supervision and
monitoring.!6  Apparently such disaffection has been
noted particularly in the case of production workers
who fclt threatened by deskilling.  This may well be
related to the fact that management has a tendency to
leave the trouble-shooting and maintenance and repair
of advanced systems to specialised services without
involving the opcrators of the equipment. It is
probably significant that this neglect of shop-floor
skills has led to a great increase in production
down-time.!7 The way out is obviously to entrust as
much responsibility for maintenance as possible to
suitably qualified workers on the shop-floor.

The practical problems of taking all these aspects into
account in designing CIM systems and of making
optimal use of the human factor must not be
underrated even when such human-centred systems
are recognised as superior. A multidisciplinary
approach 1s required which is by no means casy to
organisc.  Managers and engincers designing  the
system will have to be committed to such an approach
and should associate ergonomists, training specialists
and social scientists. There are few tned methods
since the technocentric  approach  neglecting
ergonomics and social concerns prevails up to now.
Often engineers and ergonomists tend to be at cross
purposcs.  This is a field which nceds further
cxploration.!3

Skill requiremeats for CIM

The above observations imply that the skill level of
shop-floor workers is going to increase despite some
skills becoming obsolete and that division of labour
will regress. CIM requires versatile craftsmen and
technicians, computer and  software  experts,
mechanical and communications engincers and, in
general, pecople who understand production methods
and the system and are capable of coping with a great
deal of technical information and arc able to take
dccisions on the spot.  There is littlc room for
unskilled workers such as assemblers, labourers,
machine loaders, transport workers, ctc. CIM also
makes clerical workers redundant, that is thosc who
are occupicd with ordering parts and matenials and
scheduling the workload of machines.

Also managerial jobs at the miadle level are bound to
be changed or diminished in CIM systems which
entail a general dissemination and frce flow of
information. There tend to be fewer hicrarchical levels
and demarcation lines, and there are fewer
co-ordinating tasks. Emphasis is more on planning,
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anticipating problems. team-work and interaction and
much less on formal communications. and g@iving
mnstructions.  Excessive momtonng of workers which
is technically possible is best avoided because it can
antagonise the very people needed to man the systems.
It v @ new world for team leadership in CIM which
requircs a combination of human, conceptual and
technical skilis in managers.1?

New types of work organisation

As many specialised jobs are abolished due to a lesser
division of labour, work organisation tends towards
group work. In such relatively autonomous groups
members execute complementary tasks and must be
versatile as varying tasks are allocated with the
objective of keeping the system functioning smoothly.
Group members must be able to communicate
beyond narrow  technical boundanes and to
co-operate. They also have a certain autonomy in the
choice of tasks and detailed planning. Thus existing
qualifications arc better used and mutual coaching
takes place. If properly orgamised, greater job
satisfaction is the result.

However, such participative work organisation is by
no means an automatic outcome of the introduction
of CIM. Management must consciously seek to
overcome outdated, demotivating and unsuitable
hicrarchical forms of organisation which means the
shedding of old power relationships — often a painful
process fraught with pitfalls. Vested interests in the
status quo are usually very strong. However, 1t should
be some comfort to management deciding to base
CIM on group technology that production is usually
less capital-intensive since it is less computenised and
requires less expensive software because many
decisions are taken on the shop-floor which also helps
to make it flexible. Morcover, cxisting qualifications
of the workforce can normmally be uscd and few new
oncs are required. There is also a reduction of
through-put-time.20

Some concern has been expressed that CIM will lead
to the social isolation of the relatively few workers left
on the shop-floor who remain there to mind the
system. In fact, much communication takes place via
computer  terminals and  opportunitics for social
contacts are diminished.  This may well affect
individuals and the working atmosphere in plants
ncgativelv. In the end such dissatisfaction would have
negative conscquences for the overall result of the
production process. At any rate, system designers
necd to keep this aspect in mind and provide
opportunities for social contact as a contribution to
quality of working life.

Hazards in the new working environment

While the new job requirements in CIM systems are
becoming better known, there is much uncertainty
about new occupational safety and health hazards. It
stands to rcason that physical nsks are diminished
because less workers are in direct contact with
production cquipment and most production takes
place without direct human intervention. On the
other hand, there is usually a higher pace of work as
well as much shift work which tends to increase
fatigue and the accident rate. It has been found that
work at computer terminals can be very stressful
indeed, particularly in the case of computer-aided
design.

A potentially very sertous problem is that apparently
an increasing number of psychosomatic illnesses may
be caused by thc new automated sysiems. Workers
confronted with the new expensive and complex
equipment often do not feel up to it and feel
powerless. They cannot intervene in the process while
being responsible for running it. The combination of
high responsibility and insufficient qualifications to
master the job at hand or to intervene is extremely
stressful.  This may be aggravated by frequent
breakdowns which have to be repaired under time
pressure. The resulting permanent stress can lead to
nervous and physical disorders and is said to affect a
disproportionate number of workers in advanced
manufactuning systems. Training ang ergonomically
designed workplaces may help.  However, it is
probably more important that system designers do not
place excessive demands on system users ard
maintenance staff or do the opposite and make jobs
undemanding and monotonous which would also
cause stress.

Another cause for concem is the fact that work
becomes more static and jobs need more brainpower
than muscle. Physical activity s much reduced as
machines and robots take over materals and
components handling. Such reduced physical activity
has been identified as a significant threat to health.
Countermeasures may well be needed.

A further cause of fatigue and stress is the ineptness of
much computer software. Much of it is not
user-friendly and is remote from actual workplace
requirernents. This can make man/machine
interaction  very  cumbersome. “Cognitive”
crgonomics addresses these problems. However, .his
is a relatively new science and improvements in
software design taking into account rescarch findings
are only slowly forthcoming.
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System destgners who uwsually have an exclusively
technical or scientific background tend to overlook
such considerations in  the planning stage of
installations.  However, this is the time when
preventive measures have to be taken. Planning and
tnvestment costs are usually only shghtly mereased. Tt
is much more costly to rectify ergonomnc mistakes
once a system is installed and 15 therefore mostly not
done 2t

The pnnapal objective should be the creation of
humane working conditions, for only workers treated
primanly as responsible human beings will commit
themselves 1o company goals. A definition of humane
work which descrves attention in this context is the
following:

Work is called humane if it does not damage
the psycho-physical health o the worker, does
not, or only temporanly, impair his
psycho-social well-being, meets his
requirements and qualifications, allows him to
exercise individual and/or collective control
over working conditions and systems of work,
and is able to contnbute to the development
of his personality in activating his potentials
and furthening his competences.2?

The preparation of the workforce for CIM

If people arc the key to successful CIM, much hinges
on their preparation for the new systems.  In all
industnialisced countries there is a shortage of
professional, technical and rnanagenal personnel able
and qualified to mastermind the implementation of
CIM. The major constraint is not only the lack of
adequate computer hardware or software. At the
shop-floor level also the necessary skills are mostly in
short  supply. The recruitment  difficulties  of
enterprises and the high initia salaries paid to capable
young engincers and technicians in this ficld are a case
in point. Tais skill shortage may well cxplain many of
the failures of systems reported hitherto.  Often
management appears to have only a hazy idea of
where they are going.  Also, workers” representatives
arc scldom aware of the intricacies and possible social
consequences of CIM.

There is no casy way out. One of the answers is
systematic training and further training of the
workforce based on a specifically designed training
strategy c¢ndorsed by management and  workers’
representatives. Such training is required before the
new equipment is installed and will have to emphasise
not only specialised technical competence, ncluding
computer literacy but, above all, system knowledge:
planning;  organisational and communication skills;

and group dynamics. It needs to be done mainly by
the enterprises themselves in co-operation with system
supplicrs because CIM systems are tallor-made for the
specific  requirements of cnterpnses and  training
mstitutes rarely have the expertise in kading edge
technology .

Another answer may well be the widest possible use of
expert advice in the planning stage of CIM and an
open discussion of alternatives among all concerned.
This includes the workers’ representatives who far too
often are faced with a fait accompli. A thorough
discussion of the cconomic, technical, organisational,
and manpower parameters and of the objectives of an
mnovation subscquently faalitates an  informed
asscssment of the social consequences and the
ncgotiation of working conditions. Both management
and the workforce usually move into unchartered
termtory and might as well recognise this.

The :mpact of CIM on industrial relations

In the real world the transition to CIM systems ¢ven
when well planned and prepared will rarely proceed
without tension and potential, if not open, conflict in
organisations. The workforce has good reason to
worry since there is plenty of evidence showing that its
interests might not be taken sufficiently into account
or might simply be neglected. Far too often
technology is put before people who then have to
cope with it somchow without being properly trained
or involved in its choice. Small wonder that systems
fail. Workers fear pay losses through less overtime.
redundancy, the erosion of promotion prospects and
lower manning levels, expropriation of know-how
through data basces and cxpert systems, higher stress
through responsibility for expensive capital goods,
more strenuous  shift work pattems, individual
performance monitoring  through  the - computer
system, deskilling and generally the unknown, and the
stress of the adjustment to new working patterns.
This can be, but must not be, the outcome.

With a strategy that puts people first and sceks
genuine consultation at ail levels, such fears may be
overcome and do not have to matenalise.  The
positive aspects of change to the advanced systems
and the new opportunitics will more casily impose
themselves such as safer and less physically taxing
jobs, leaming and training opportunitics, greater
responsibility and more interesting assignments, better
remuneration, generally better working conditions or
greater job security in a more competitive enterprise.
It can also bring down the rate of absentecism.
Innovations have, in fact, the potential of influencing
industrial relations for the b-tter, if more emphasis is
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put on consultation 2t all levels and less on “the
arrogant expertise of technologsts.”

The positive aspects can only prevail in an atmosphere
of social dialogue and good will at the enterpnse level.
Adversanal maustrial relations could casily spell the
fadure of CIM projects. CIM presupposes a
reconciliation of mterests of management and workers.
The dialogue between social partners is thus essential
for product and process innovation, higher
productivity and flexibility in manufactunng.

There i1s indced evidence that in an adversanal
industrial relations atmosphere management resorts to
excessive division of labour as a means of restricting
the influence of unions. In such circumstances
management tends not to entrust bluc-collar workers
with more autonomy and control (cg the
programming of NC tools) thus avoiding rules and
constraints imposed by collective  bargaining
agreements. This has the perverse cffect that
unionisation inhibits skill acquisition by- blue-collar
workers and their upgrading.23

The greatest menace to workers” autonomy and 1o job
satisfaction stemns from centralised control which also
mtroduces much demotivating rigidity and formal
procedures into the production process. Decentralised
systems coupled with a maximum of decision-making
at the shop-floor level are well suited to small-batch or
customiscd production, tend to ennch jobs and
qualifications, cut down machine-down-time through
better scheduling and naintenance and, therefore,
enhance productivity.  They often prove to be
economically superior to ngidly centralised systems
with excessive division of labour.2$

A high degree of consensus and co-operation is indeed
required if CIM systems arc to work smoothly, which
does not exclude a resolute defence of workers’ rights
and interests. It cannot be overlooked that highly
skiled workers and technicians and  their
representatives in integrated manufacturing are in a
strong position and cannot casily be replaced. In fact,
enterprises installing such systems depend on the
quality and commitment of their workforce. Qualified
personnel is nceded to maintain the complex and
costly equipment and keep the systems working.
Advanced manufacturing systems arc vulnerable to
strikes by a small proportion of their workforce.
Responsible management is thercfore well advised to
scek the social dialogue and collective agreements
providing a framework for the operation of the
systems. An unorganised workforce kept in check by
management prerogatives and arbitraniness, subdued
by authorntarian supervision and anti-union policies

could casily bhe resistant and harmful to CIM.
Industnal relations based on mutual confidence and
respect would appear to be more conducive to
success. S

However, it should not be overlooked that as
hierarchical structures change and as mddle
management 15 threatened by CIM the role of unions
and workers” representatives in enterprises mught also
be weakened. Autonomous groups of highly qualificd
staff may feel less in need of union representation and
intermedianies vis-d-vis management and may have a
more direct influence on the determination of their
working conditions.

It should be obvious that in enterpnises wishing to
operate CIM systemns the social dialogue cannot be
limited to questions of remuncration and benefits. At
any ratc, cxclusively achicvement-oriented wage
systerns may well have to be redesigned as system
success or failure and higher productivity gencrally
cannot be attnbuted to individual machine opcrators
but depends essentially on reduction of down-time of
automated equipment. The social dialogue will have
to cmbrace questions and problems related to the
umplementation of the new technology, such as more
flexible working time arrangements, adjusting working
conditions to team-work, redeployment, etc.

Employment consequences of CIM

It has already been pointed out that a relatively small
percentage of the total manufacturing labour force is
working 1n advanced manufacturing systcms and that
in this respect not much change is forescen. The great
majonty of manufacturing workers will not experience
radical change caused by CIM systems in the near
future. Ncvertheless, it must be expected that CIM
will accentiate the already existing labour market
segmentation. A core of highly qualificd craftsmen,
technicians, ecngineers and professional  workers
manage and operate such systems and are increasingly
indispensable. They arc generally well paid and their
working conditions arc stable thanks to their position
as knowledgeable workers and experts, but access to
this core is morc and more difficult to achieve.
Ancillary workers have little opportunity for upward
mobility unless they possess or acquire the necessary
skills and their conditions of work are also more
precarious.  This situation may eventually lcad to
social conflicts.

Research on the promotion of the human
factor in CIM systems

It is one thing to identify the features which a CIM
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svstem. taking into account the human factor. should
and could have, but 1t 1s quite another to desien and
make such systems acceptable 1o management and
work n practice with an adequate rate of retum. In
most manufactunng the division of work 1s stll well
entrenched and tends 1o be used as a means of social
control.  The Tavlonst mentality in  production
management 15 widespread and resistant and will not
disappear from one day to the next, particularly in
mass production. A conscious effort is needed to
promote the human-centred approach to CIM.  As
the movement is gaining ground a great varety of
rescarch projects have been launched throughout the
industnalised world with the objective of developing
models and  defining  the  technical,  ergonomic,
organisational. social and training cntena for such
systems.2¢  This rescarch is sponsored under several
national and some intemational programmes of the
Europecan Community 27 (eg. FAST ESPRIT,
EUREKA. RACE, COMETT, BRITE), involving a
wide range of technical, social science and training
rescarch institutes, enterprises and cmployers” and
workers’ organisations.  Partial results have been
reported — some of themn encouraging, others less so.
Also. contradictory findings are not rarc. It is clearly
not easy for work science, ergonomics, design and
systems engincering to come to gnps with the
manifold aspects and the complexity of the problems
at hand. Interpretations, rccommendations  and
proposed remedies also depend considerably on the
point of view and the ideological leanings or cthical
principles of rescarchers as there are few certainties but
much wishful thinking. It is obviously too carly to
assess the impact of such rescarch on industrial
practicc. However, as the technocentric approach to
CIM runs into growing difficulties the opportunities
for altcrnative models necessarily  brighten  as
enterprises may be more willing to give them a try.

There are some hopeful signs. In the United States,
the Work in Amenica Institute — a tripartite body —
co-operates with a series of large enterprises in the
cffort to cnhance the role of the human factor,
recognising its decisive influence on productivity.
Only a small minonity of enterprises are involved, but
it is a beginning, 28

The development of design criteria and methods under
the ESPRIT project “Human-centred CIM systems,”
in which representatives of vanous disciplines of
engincering, crgonomics and social science co-operate,
looks particularly promising. Fight industrial and
academic partners based in Denmark, the Federal
Republic of Germany and the United Kingdom are
involved. ¥

Mention should also be made of the promational
activities in this ficld of the International Federation of
Automatic Control (IFAC) whose Commuttee on
Soctal Fftects of Automation makes considerable
ctfort to assess the social impact of contrel and
automation technology and bnngs together concernad
scientists,  control  engneers.  managers.  system
Jdesigners, social scientists, industnal psychologsts and
speaialists of other disciplines from research institutes
and industry from a wide range of countnies. The
committece  cmphasises the social  responsibility  of
control engineering and aims at the establishment of
soctally desirable requirements for the development of
automnated systems, demonstrations of alternatives of
design of such systems, the strengthening of links
between technologists and socal scientists, and the
dissermination of knowledge of these topics among the
scientific and technical community. It has encouraged
a considerable number of projects in which industry
has co-operated. It has contnbuted in no small
mcasure t0 the germination of the idea of the
human-centred approach to CIM, and which is slowly
but surely making hcadway. 30

Outlook

At present there is hardly a chance of reconciling
divergent views on CIM. Many of its aavantages or
faults are in the cye of the beholder. However, it is
definitely not a panacea for all problems encountered
in production as some scem to see it. At any rate, the
promised land of total manufacturing integration is
still far away, although an increasing number of
enterpnses appear to be engiged on an evolutionary
path towards integration.

By any standard, the introduction of CIM is a nsky
undertaking. If it is to be successful the
manufacturing organisation and product range have to
be reviewed and rationalised.  The pace of transition
would depend on the knowledge, qualifications and
abilitics of the planning and operating staff.

CIM is a leading cdge technology and its introduction
requires long-term  strategies and  posstbly  forgoing
immediate financial benefits.  The most essential
clement in such a strategy is the preparation of the
workforce for the impending changes. This mecans
consultation at all levels and a systematic tiuining
effort.  The ncglect of further training of staff is
inevitably very costly in terms of machine down-time
and scrap productic-

All experience accumulated so far speaks for a
cautious and incremental approach as the absorptive
and leaming capacity of the workforce might be
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overstretched with negative results. However, the
trend towards more manufactuning  intcgration is
bound 10 contmue and scenttic advances  will
continue to propose solutions to pending technical
problems. However, CIM is most likely to fail where
it tres to supplant essential human qualities. The
subjugation of pcople to machines and technical
systems 1s proving more and more counterproductive.
Instead, work organisation is nceded which enables
and motivates people to use their theoretical and
empincal knowledge and skills in mastering advanced
means of production and operating them efficiently.
CIM will only be as good as the people in charge.

Are we hcading in the wrong direction? Evidence
suggests that the difficulties and complexities of
introducing CIM on a large scale were initially
underestimated. The technocentric approach aiming
at the “manless factory” is now questioned for a very
good reason: it has not produced the expected results
so far. This is having a sobenng cffect on the
unconditional technocrats. There is probably not just
onc type of “fuctory of the future” but many
alternative solutions to manufacturing problems.

Will CIM really spell the end of Taylonsm? It is
definitely too soon to consider Taylorist methods dead

and buned. Such methods will continue 15 subsist in
mass production alongside with dedicated automation
and machinery and so will the comresponding
hierarchical management structures. However. mass
production and market dominance of m iss-produced
goods are declining in many manufactur.ng activitics.
The markets demand differentiated, diversified and
customised  products. This means small-batch
production. CIM, ie. fleuble automation, could do
the job if properly conceived.

Integrated manufactuning systems are very vulnerable
to disruption. Running them efficiently and to the
extent possible round the clock presupposes
harmonious industnal relations, for work stoppages,
go-slows or other types of resistance stemming from
demotivating working conditions can cause major
losses. Success of CIM, therefore, presupposes a good
understanding and co-operation between management
and the workforce and its representatives. While 1t is
certain that the introduction even of well-designed
CIM systems will cause tensions, it also offers new
opportunitics to intensify and improve the social
dialogue and to break down barmers =~ a chance not
to be missed.
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CIM — THE INTEGRATION ASPECT

by N. MARTENSSON, Chalmers Uni-ersity of Technology, Gother burg, Sweden

1. CIM development background

Computer-intcgrated manufactunng is the latest
powerful mamifestation of a continous development
process in manufacturing engineering. It has both a
technical and an organizational background. The
technical development side has shown a remarkable
regularity over the last 25 ycars (fig. 1).

With about five-year intervals, a new picce of
technology has been introduced, tested and approved
and has grown to maturity. One may notice that the
basic mechanical components, like NC-machines and
industrial robots, preceded the basic software
components, CAD, CAM, MAP. For one thing this
mmplies that man’s imagination driven by software
development will immediately face restrictions in the
existing physical machines, a fact not always

recognized.

Organization of manufacturing to meet new demands,
hike custom-order and small-batch production, has
been a parallel activity, e.g. restructuning from batch
production to workpicce flow oricntation took place
in the 1960s and 1970s. The NC-machines and
industrial robots played a central part in this
devclopment towards more precise planning and better
shop-floor control. In the late 1970s and carly 1980s
flexible machining cells (FMC) were introduced and
also large systems, FMS, were constructed. This
development made ultimate use of the machine
components to rationalize the physical handling of
tools and workpieces, while information transfer was
limited. Expericnce from large systems tended to be
discouraging, duc to their limited flexibility and
availability. The bulk of cxisting systems are therefore
of the cell-type, FMC.

With this now an established technology, 1t ts realized
that some cffort must be made to connect these cells,
often called “islands of automation,” to a really
flexible and reliable system. This is achieved when the
information flow is managed just as efficiently as the
flow of workpieces and tools. Thus the introduction
of MAP paved the way for real computer integration
of manufacturing and we are now cnjoying CIM
realization in several areas of industry.

Just ke FMS ten years ago, the CIM concept has a
far-reaching potential for the activities of a factory but
the more this potential is achieved, the harder further
penetration becomes. This paper highlights a few
problems on the road that will be necessary to
overcome for integration. In the case of complex
manufacturing systems, this reality manifests itself less
as a tendency towards deterministic behaviour, the
more pronouced the more complex the system is.
This makes system control more difficult since
unpredictablé stochastic events cannot easily be met
by pre-programmed actions. A nced for heurstic
control will arise.

The technical means to meet these new demands may
consist of sensor feedback that will give automatic
reactions of  physical systerm  components,
Al-assistance that will facilitate producing nccessary
manufactuning information, and uscr-oriented system
interfaces that will involve the human operator in
decision making and performance improvements to an
extent where he will really -un the system rather than
just watch it running. So, if one would like to predict
the development ten years ahcad, it is the author’s
suggestion that adaptive contiol and later on
intelligent interaction between man and system will be
the contributions of the 1990s. Some examples of
research in this area will now be presented, related to
the field of automatic assembly.
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Figure 1. Technology diffusion in Sweden
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Figure 2. Force-torque control of insertion in assembly
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Figure 3. Monitoring a transfer operation

2. Sensor feedback for adaptive control

All parts of a system, be they hardware, software or
humans, show tolcrances which in complex systems
may interfere and create large deviations from
predicted behaviour. Sensor-based control is therefore
necessary for real-time adjustments of programmed
activities.  Scnsors have three distinet levels of
application:

¢ To makc the systcm more robust by absorbing
minor tolcrances.

¢ To increase the system reliability by monitonng
large deviations.

¢ To raisc flexthility by reading new information in
a largely unknown environment.

In an assembly operation inscrtion often means
positioning within close tolerances, smaller than

c.g. the accuracy in repeatability of an industrial
robot. Signa] feedback from e.g. a force-torque
sensor can be used to control the insertion by
minimizing the signal (figure 2) (1).

The same scnsor can also be uscd for monitoring large
deviations in other assembly sub-operations, e.g.
transferring a part from a pick-up position to an insert
position. If the gnpper loses the part, there will be a
distinctive force reaction (figure 3).

The usability of a particular sensor can thus be
mapped in a particular application.

The mapping will show that a single sensor will
probably be very good for some sub-operations but
rarcly ablc to cover the complete application (figure
4). Therefore a simultancous use of different sensors
can be predicted To sort out their different
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charactenstics. there is a need for a gencral sensor
model. This model consists of a specification part and
an interaction part.

The specification part might describe:
* What i1s measurcable
« Ficld of operation
* Accuracy
* Behaviour (e.g. lincanty)
¢ Control possibilities
* Supervision possibilities

The intcraction part consists of a software module
including sensor data acquisition and process control
based on the data. The behaviour of the interaction
modJule depends on a few paramcters. Depending on
the given paramcters, the module can opcerate in a
broad spectrum ranging from continuous control to
pure supcrvision.

Input to the sensor model consists of a steady flow of
sensor data (information) duning the process, together
with the mnitially given parameters, provided by a
supcrior program, to specify the control stategy. It is
desirable to usc as few parameters as possible in order
to simplify the operation. [owever, the model loses
generality as the number of paramcters decrcases.

The principle of a force-torque scnsor-modcel
interaction part is very simple. It can be described as
a force and a torque “co-ordinate system” attached to
the sensor, preferably in the tool centre point of the
asscmbly robot.  When a force exceeds the mit of a
desired force interval, the sensor model starts acting on
the robot to obtain the desired state again.

In an experiment with vision and force-torque
interaction, the problem was to assemble a shaft into a
bore. The bore part position was unknown to the
assembly robot and could also change during the

execution. .\ hand-cve vision systam was used to
estimatc a rough position of the bore. and the
force-torque  sensor performed the nsertion of the
shaft and venfied the operation (figure 5). The
experiment showed that when two or, in the future,
more sensors operate together, general parametnc
sensor models will  contribute to  an  easier
implementation.

3. Al-assisted operations sequencing,
planning and programming

Introducing a new product or variant in a CIM system
will require new programs for executing operations
and also for resctting the equipment. For a high-level
flexible system this implics a frequent generation of
new programs. Since in CIM the product and
production information is already stored in databascs,
it may bc better to generate these programs
automatically. This includes sequencing, operations
planning, control code generation and finally the code
exccution in the manufacturing system.

To accomplish such a programming system, a
hierarchy has to be specified dividing the system into
distinct levels according to the division of the assembly
problem. This implies specifications of well defined
and demarcated, hicrarchical abstractions of the
assembly problem, ranging from the product model at
the top, to the general purpose programming language
at the bottom, along with several intermediate levels.
Each level could be considered as a formal
programming language. The specified levels are:

¢ The product model abstraction level
¢ The assembly part sequence abstraction level

* The assembly opcration scquence abstraction
level, or task specification level

+ The robot and sensory generic language
* The target system dependent language, and

¢ The executable code
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Figure 4. Mapping of sensor usability
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Figure 5. Vision- and force-sensing in co-operation
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Figure 7. A product for assembly
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Depending on the programming  tasks and  the
programming experence. such a svst' m would make it
possible to enter the system at the best suited level of
programming.  All the different levels are shown in
relation to cach other in figure 6.

Furthermore, to accomplish automatic gencration of
exccutable programs for the target svstem. eg. the
computer-controlled  assemibly  devices in the FAS,
from the product model several software modules have
to be developed and incorporated into the system as
interfaces between each hirerarchical level.

The purpose of cach module 15 to syaibwesize the
program code in the next. lower, level of assembly
abstraction 1n the hierarchical system.  Vouen these
modules  are exccuted 1 successive  colder,  the
automatic planning and program generation will be
carmed out.

The necessary software modules are:

¢ The product model analyzer

* The assembly expert system

» The task planner

¢ The gasp planner

e The path planner

e The compiler
The system is independent of the assembly devices
from the top down to the task plannee kevel. Below

this level the svstem wiil require a real world model of
the physical assembly devices and the layout.

The product model analyser uses as input  the
geometric product model. It will automatically
retrieve knowledge from the geometne product model,
transform the knowledge to a symbolic representation
of teature, attributes and structures of all individual
components and tne assembled product, generate a
databasce and store this new product mode. A graph

representing all geometne valid assembly sequences is
also generated and stored by the product analyser.
Following any ordered sequences of arcs i thes graph
from the terminals to the root comesponds to the
accomplishment of the assembly.  The graph s
generated through disassembly. Dunng the graph
geacration. the product analyser stores the disassembly
motions to be used later in the reversed order in the
fine motion planning of raating and insertion
operations.

For a certain product (figure 7), 14 geometncally
valid assembly sequences are generated (figure 8).

The problem now 1s how to select the best assembly
sequence among all the options.  This s the task for
the assembly expert  system. The Kknowledge
represented in this system 1s non-geometric knowledge
and 1t could be considered as the heunstics of
assembly planning.  The knowledge is compiled
through “knowledge  engineenng” in the
manufactunng industry, structured and sugeested to be
represented in a rule-based svstem  provided  with
“if-then-production-rules.”

Examples of rules that can be used .1 base pan
selection are:

o If part i encloses the rest-of-parts, or of
rest-of-parts  concentrically enclose part 1. then
part_1 base_part.

e If part 1 has more physical contacts with the
rest-of-parts than any other par. j has, then part
base part.

Fxample of a rule that selects valid sequences 1s as
follows:

o If base part has more than one assembly vector.
and the difference in direction 1s more than 90°
then complete one direction at a time, before
indexing.

The finally sclected path could be wntten as:

(SHAFT SMALL_GEAR SMALL_LOCKER_RING

LARGE_GEAR QUILL MEDIUM_GEAR

LARGE_LOCKER_RING)
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As mdicated  above  the sequences are intemalh
suggested to be represented i a bist with the base pant
as the first clement.

The product model analvser and the assembly expent
svstem has transformed the assembly task given as a
product model to a Jdescnption. not only as a
geometncally valid assembly sequence but also as the
best assembly  part  sequence  according to  the
represented assernbly rule (figure 9).

The task planner module will operate on a symbolic
model of the asscmbly and the real world. A database
with two main sections, the custent assembly state and

the fina: assembly state. 15 used 1o store this model
The wmutid  assembly  state  comesponds o the
disassembled product and cquals the first current state.
The final assembly state corresponds to the completed
assembly. The planner 15 guided by the part sequence.

The result from the task planner 15 a more detailed
specification of the assembly task desenbed as a
sequence  of  assembly  operations. This task
specification s still an implicit specification in the
scnse that 1t only requests the svstem to perfonn an
operation, not how or where to perform it.  The
scquence would appear as:

( (GET shaft) (FIX shaft fixture) (GET small_gear)

(PLACE small gear_shaft).......... )

This asscmbly operation sequence is the corresponding
expansion of the assembly part sequence. The
program generated so far 1s still considered an imphcit
program specification.  No expheit information is
available on how cach individual ¢peration should be
performed.  Further program gencration on lower
levels will not be covered here. but an example will be
given in the next section.

However, systems such as GRASP, CiM-station or
F.obCAD could be used for grasp and path planning,
and robot programming languages like VAL or OI P
for control code generation.

4. User-orientated system interfaces

As mentioned. an integrated manufactunng  system
will not show deterministic behaviour, but may suffer
from various  disturbances  due  to non-ideal
components. This may have a scrious cffect on the
availability of the system and thus on its productivity.
Availability, however, is not only a function of the
frequency 1in which disturbances occur, but also of the
recovery or repair ime. Short repair times will keep
up availability. It is therefore necessary to have both
an efficient system  monitoring  function and  an
cfficient recovery system.

Both e monitoring and the recovery functions are
highly operator-dependent. It is the operator who
reads the signals from the monitor or directly from the
system and deades on the proper action. He minst

possess the required competence and cven more
important, he must be motivated to react. This has
largely been neglected in the past, when deterministic
syatems have been developed with supposedly hittle or
no skill required from the operators.  In complex
systems the  result 15 wsually  a prolonged
implementation time and poor availability.

Behavioural scientists are now focusing on effects of
human impact on automated manufacturing svstems.
To gain positive effects there is a need for improved
technical support for the operator.  As in continuovs
process manufactuning he will need information on
status and trends in system performance and not just
an alarm bell. He will also need user-friendly tools to
interect with the system, like rerouting production
flow or reprogramming or repairing cquipment.  These
tools will give lim actual control and increase his
confidence and motivation.

An example of such a tool 1s a graphic-supported
robot programming system for assembly. developed as
one out of three modules of a shop-floor decision
support  system,  the  other  two  being  a
Planning Simulation  module  and a4 Supervision
module, respectively (3).

Graphic  programming  environments  for adustrial
robots are very powerful tools for the programmer.
The ability 1o mampulate. smulate and test robot cells
reduces the errors and the amplementation time.

However, the majonty  of these tools, presently
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available. are based on high-end computer technology
and speaally designed, complex graphics processing
capabilities with an unfavourable cost factor. The
system described here is a low-cost, easy-to-use,
simplified, generic system for off-line programming
tasks such as:

= Operator programming of industrial assembly cells
¢ Programming of single-robot systems
* Flexible programming for product vanants

» Creating program skeletons to be adjusted and
completed on-line

» Testing the logic of a proposed robot program.

The system is based on a standard PC and widespread
CAD-system (AutoCAD version 10 by AutoDesk).

The robot programming is aided by graphical
programming suppc< rt, using qualitative icon-graphics,
symbolic geometrical forms, compound coding etc.
The user is provided with icons/objects representing
the robot manipulator and the task to be performed
(figure 10).

- START - MOVE - GET - PUT - STOP

« The robot envelope is designed and calibrated by
uploading location co-ordinates from the robot to
th: CAD-system.

* The actual programming is done by placing the
task “objects” (as shown in figure 10) in the
working area of the robot.

e The intcgrated Programming Support System
(PSS) will present path tracing and intermediate
steps to allow the programmer to edit the program
graphically.

¢ The PSS will then extract relevant data from the
CAD Databasc and post-process it to fill the
requirements of the robot-specific programming
language syntax.

* The complete robot program is then downloaded
to the robot-specific off-line programming system
for compilation or interpretation.

e Robot start and on-hine confirmation’adjustment
of the new robot program is performed.

» Uploading and decompilation of the adjusted
program to the program library can then be done.

Referring to the previous section of this paper it
becomes evident that Al planning and graphics-based
programming can complement cach other, fonming a

powerful tool for the operator responsible  for
assembling of a certain product. Work is underway in
this direction and a demonstration system 1s reported

(4.
5. Conclusions

Three different techniques important for achicving
integration have been exemplified: sensor control, Al
planning and, programming and user interface. They
are not independent of each other; on the contrary,
they are very closely related and each one is a
prerequisite  for the other. Al planning and
programming will fully automate the manufacturing
data processing down to the the control code for the
machines. However, in order to execute the code it
must be updated and adjusted for tolerances and other
variations in material and equipment. This is taken
care of by the sensor feedback (figure 11).

The result is-automation of all necessary routine work,
leaving the opcrator free to decide and interact in
order to achieve the most efficient production
performance. In addition it will provide the opcrator
with powerful tools in the form of status information,
suggested actions and easy-to-operate communication
facilities with the manufacturing system.

These techniques arc still in their infancy and the need
for further development is cvident. In order for
scnsors 1o be effective in a complex environment,
priority rules or other means are necessary for sorting
out information from multiple sensors. Here again Al
will play a role. Planning and programming, in
particular in assembly, is a very unstructured problem.
Up to now assembly sequences and sub-operations are
governed by experience and informal rules. To run Al
planning, formal rulcs must be established based on a
structured description of the assembly work. This is a
completey ncw ficld of rescarch.  Finally, the
importance of human interaction with the system for
high availability and optimal performance has only
recently been recognized.  Analysing manufacturing
systems with respect to effects of human interaction is
a far from regular procedure and tools for this analysis
arc not well developed.

It is quite evident that manufacturing processes must
be redefined and reorganized in order to find the nght
balance between routine work that can be fully
automated and high-level decision-based interaction in
programmed functions with man in control. Only n
systems where this balance is in operation with full
technical support will integrated manufacturing be a
reality and CIM become more than just clectronic
data transfer.
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Figure 9. The selected path through the graph

Figure 10. Graphic representation in robot cell programming.
Tasks represented are from *oft to right:

*START - MOVE+GET -« PUT - STOP




210 DEVELOPMENTS OF CI1M SYSTEMS AND THEIR SUBSYSTEMS

Figure 11. Planning, programming and sensor control for
automatic execution of assembly operations.

REAL-WORLD
ADAPTION USING
SENSORS

REAL-WORLD
EXECUTION
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IMPLEMENTATION OF CIM IN AN ELECTRONICS FACTORY STEP-BY-STEP

by F. TOMANCOK, Siemens AG, Vienna, Austria

Introduction

In addition o considerations related to quality and
production costs, flexibility and just-in-time
production techniques are rapidly gaining significance.
Flexibility is not achieved through high inventory but
through short reaction tmes in  development,
procurement. production, and sales.  Under conflicting
market and cconomic conditions it is not cnough 1o
optimize single functions. Instead what is required is
an assessment of all the interrelated overlapping issues.

ZIM offers a solution to these problems.

In order to cater for the new market demand, Sicmens
has developed a  CIM-concept and has  been
implcmenting it step by step since 1988,

This paper introduces this CIM-concept. as well as
two realized projects —  the PPC system and the
automated storage — as an illustration of the
CIM-concept.

The programme has five parts:

I. Presentation of the SIFEMENS

“Geratewerk Wien”

factory

2. Explanation of the CIM-concept

3. Description of  the  1calized  CIM-project
*production planming and control” (PPC)

4. Nlustration of the automated storage system
S. Summary.

1. The SIEMENS factory in Vienna
(Geratewerk Wien)

The “Geritewerk Wien,” an clectronics factory of
Siecmens AG Austna, was cstablished in 1972 and
started its production with mainly clectromechanical
products.

Over the past vears, the whole production program
has been changed to exclusive clectronics products
with two mam ficlds:

¢ Dnves for DC- and AC-motors with a production
volume of about 20,000 pieces per year; and

* Power supplies espeaally for automation devices
and systems with a production volume from about
200,000 picces per year.

The tactory employs about 500 persons of whom 80
work in technology and development, 70 in
admunistrative and commercial departments and 350 in
production and quality assurance.  The ycarly
tumover is about US$77 million, 98 per cent of which
comes from cxports. In the past five ycars vearly
growth rate has rcached about 20 per cent.

2. The CIM — concept

The CEM-concept is oniented on the CIM model of
SIEMENS factonies described in this paper (Figure 1).
The aim was to cover all PPC, CAE and CAM
functions with data processing systems integrating
already cxisting company-wide systems.

Figurc 2 presents a simplified system flow-chart of our
CIM-concept. In the field of computer-aided
cngineening a system for storage of basic technical data
was introduced.  The following functions are based on
this system: cireunt diagram generation (CAD), design
of printed circuits, mechanical construction (CAD),
componcents list- and production plan generation
(SIAPSY.  The data of the four CAD svstems are
connected with production and quality process-level
via the NC-program generator (STAB).  The basic
production data are stored in PROSIS P.

In the ficld of PPC, cxisting slow data processing
systems were replaced with new dialogue systems and
all paper interfaces were cancelled. All PPC systems
were linked with CAE and CAM systems.

The PPC modules, production
disposition, arc described in detail below.

control  and
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Figure 1.
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The comnputer-atded manufactunng complex s divided
o three parts:  the controling kevel. the cell kvel
and the process kvel. tor example the NC-automation
and storage stacker cranes.  The three kvels are
technwcally linked wath cach otker and with the PPC
and CAF systems.  In the ficld of matenal flow
control. with the automitic storage, free data flow
from PPC 1o the process level of the stacker cranes
was reahized.  Production and quality assurance will be
mntegrated into the CIM system with similar networks.

3. The PPC-system

As an example of a successful CIM project, 1 will
illustrate our PPC system in terms of its disposition
and production control.

The production planming system is fed on the one
hand by plan figures from sales and on the other hand
by the actual busincss data from the administrative
order processing.  These data are linked with cument
production orders, thus providng a production
program. The production program is subdivided
down to components level. Basic data are supplicd
from the CAE system PROSIS P. These data provide
the basis for automatic matenal and parts disposition.

The system checks stock availability and open
purchase orders and gencrates new orders in case of
undercoverage.  Dasposition rukes such as minimum
stock level or fixed batch size are taken into account.

Incoming goods data are fed into the disposition
module of PROSIS F through the automatic storage
control.

An additional PC-software has been installed which
offers very comfortable inventory analyses. Figure 3
presents a storage,input output analysis:  the lower
diagram shows the accumulated output. the upper one
the accumulated input.  The diffcrence between the
two diagrams indicates the stock-kevel development.

In the event of differences between the actual and the
rated stock level, the stock manager is given a signal to
adapt his orders.  The system calculates trends in
demand as well as the level of safety stock dependent
on the desired service level.

As for the production control system, production
orders arc transferred  from  administrative  order
processing (DIA-A) to the production control system
PROSIS F. Basic production data are transferred
from the CAF-system PROSIS P. The production

conireller  checks the avatlabality  of matenal and
zapacity and rekases orders for production.  After
that. the onder 1s transferred to the manufactunng
conirol svstem.  The necessary matenal data are
transferted 1o the storage control system DIALAG.
Destocking is witiated by the production.  Fach
production step is reported back 1o the production
control system.

The use of the new production control system made it
possible to have the manufactuning process time and
consequently the floor stock.

4. Automated storage system

The automated storage system is organized as an
automatic surface storage. It offers room for 12,000
storing places in six rows of shelves on an overall area
of 4C0m2.  Incoming goods are repacked into
standars2ed containers in the receiving department.
Depending on the size of these containers, three or six
of them are put on standardized trays, which are
marked by stonng place addresses and which have a
fixed placc in the storage system. The
above-mentioned trays arc automatically transported
to the takeover stations of the stacker cranes. These
cranes transport them to their respective shelves. The
transport system is controlled by a SIMATIC process
calculator which is linked to the main stock control
calculator.

The internal ordering of the trays for destocking is
activated by four stations via screen and keyboard.
Destocking 15 initiated by the production control
system.  After order release, the neccssary order
material s reserved for  destocking. The
commissioning  personnel  reccives  the  matenal
positions of the most important orders, onc by onc.
Destocked matenial is marked with a label showing
quantity, matcrial number, order number and
manufactunng department. Commissioned orders are
at the disposal of the manufactunng department.

In front of the storage there is a computerized
incoming goods depantment.  Data of incoming goods
are processed and handled automatically from quality
control to storage.

The stock manager is able to keep track of all matenal
from the moment of reception and. if necessary, to
state prioritics for testing and storage.  Material which
is needed immediately by the  manufactunng
department is delivered automatically instead of being
stored.
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Muotcovzr. the <torage control software offers:
» Retention of ihe firs*-n £ost-out pnnaple
» Continuous availability cf stock-level information
« Automatic container inventory at zcro level

¢ Possibility of cstablishing priorty of orders and
single positions

« Stock place administration with registration of
supplicrs

* Automatic of container

differences.

dchvery 1n  case

About 1000 positions are stocked and destocked every
day. The stock processing time amounts on average
to one working day. This is about a quarter of the
time necessary prior to data processing.

The project was realized according to the following
timetable:

End of planning November 1987
Steel construction December 1987
Electrical installation of Jan. 1988 — Feb. 1988

storage technology

Test phase including Fcb. 1988 — May 1988
softwarc

Moving in May 1988 — June 1988

Productive usc since July 1988

Profitability of this investment is based upon better
storage  and commissiomng quahty, automatically
controlled processes, shorter  processing time  and
therefore lower capital te-up effective use of space.
high transparency of stock and cxact nventory
accounting.

At a cost of US$2 million for hardware and software,
the profitability amounts to 20 per cent.

5. Summary

The data processing systems presented above were
developed in co-operation with the Siemens software
house in Vienna, the so-called “Program and System
Engincering.” At the moment, about 60 per cent of
the CIM-concept is in  productive  use.
Iniplementation of the remaining 40 per cent will be
realized in two or three years.

With a total software cost of about US$1.5 million, a
proiitability rate of about 30 per cent is expected.

The use of the new system made possible a turnover
increase of S0 per cent in the past two ycars. The
increase of personnel expenditure for adrinistrative
work, however, was negligible.

This obvious success fully justifies the cfforts made to
implement CIM.
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A CAD-ORIENTED AND A CAM-ORIENTED PILOT PLANT IN HUNGARY

by G. L. KOVACS, Computer and Automation Research Institute, Hungarian Academy of
Sciences, Budapest, Hungary

1. INTRODUCTION

The uutomation of discrete part production was
supportcd mostly by mcans of centralized DNC
(Direct Numenical Control) computers in the
beginning of the 1970s. This kind of hierarchical
control structure was used in three different integrated
manufacturing systems in Hungary. Our institute had
a decisive role in the design and implementation of
these systems (1). With the appcarance of up-to-date
CNC controllers, these systems were developed into
cell-organized integrated manufacturing  systems.
However, they kept their onginal architecture (2).

Later on, from the second part of the 1970s, the
distributed control systems became more and more
important in industrial applications (4). Integrated
manufacturing systems were  designed to help
automation at the shop-floor level (Figure 1).

As the following gencerations of controllers, the
standardized PROWAY (MAP) and MAP/TOP
systems appeared. These were already designed and
implemented with uniform interfaces.

2. DISTRIBUTED CONTROL SYSTEM
ARCHITECTURES

The local a-~a network (LLAN) based (e.g. MAP)
control systcms may have different structures (5):

» Figure 2 shows a version, where the cell
controllers are connccted with each other on the
same level. Onc of the cell controllers may have a
“host” task with increased responsibility, but it 1s
not necessary.

» Figure 3 presents a network where not only the
hicrarchically cqually ranked clements are
connected to the same level, but cell controllers,
CNCs, PLCs, RCs and cven a “host” computer
may be present. In the case of larger systems the
nct consists of different scgments, which are
connected by means of the so-called brdges.

» Figurc 4 shows a nctwork, where the shop-floor
MAP networks are connccted to the factory-level
MAP backbone by means of gateways.

This kind of system architecturc makes 1t possible to
connect diffcrent types of networks, such as
ETHERNET, token-nng, token-bus, WAN, ctc.

3. CIM SYSTEMS SERVING RESEARCH
AND DEVELOPMENT AND EDUCATION

The implcmentation of a complex CIM system started
in 1987 in the Computer and Automation Institute,
CAI (§). This system consists of different computers,
connected by different networks and 1t has some
mechanical engineering tools (a small workshop) as
well.  The implementation is not yet completed, but
some parts arc working in expenmental regime. The
pnmary goal of the system is research, development
and testing using the means and programs of the
computer aided design in the ficld of mechanical
engincenng. Involvement of industnal people is a very
important target, too.

At the same time a similar development started at the
Technical University of Budapest (TUB) (9). Because
of the nature and size of the TUB, the implemented
system  will consist of more different  networks,
computers and mechanical engineering means.  An
important subsystem of the system will be a pilot
plant consisting of different cclls connected by a
MAP-likc network. This paper deals only with this
subsystem which will be a test pad of the programs
and mecans of computer-aided design, manufacture,
diagnostics and quality control.

Both the CAI and TUB system dcvelopment and
implementation are partially supported by government
agencics (Ministry of Industry), as such central
supports arc cssential for the success of such
sophisticated, wide-range projects.

As both systems have several similar clements, and a
lot of yxuple of the CAI and of the TUB stafl will
have access to the facilitics of both systems, the main
charactenistics of the two systems will be discussed
together. For the sake of simplicity, the
CAD-oricnted CAL system will be called CAT system,
and the CAM-orented TUB system will be called
TUB system throughout this paper.




DEVELOPMENTS OF CIM SYSTEMS AND THEIR SUBSYSTEMS

Figure 1. Manufacturing system based on cells
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3.1 The main objectives of the systems

The basic gcals of both systems are the same:

To improve the rescarch-development-education
possibilitics to support the cfficacy of work in
both institutions.

To support unification (standardization) on the
Hungarian CAD/CAM scene. This should be
donc in accordance with intemnational standards
from the point of view of systems and system
clements as well, using as much “home-made”
(Hungarian) clements as possible.

3.2 System requirements

3.2.1 Common requirements:

» Access should be provided to all Hunganan and

available foreign CAD/CAM programs.  This
means access to all precise, up-to-datc
documentation.  Interfaces should be provided
between the programs within the systems and to
program:s which are not yet integrated.

‘The systems should always be rcady to
demonstrate all the new (and older) R&D results
for internal and external experts.

The systems should be ased for graduate and
post-graduate education.
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322 CAI system requirements:

* A high-performance, high-speed network should

connect appropriate  32-bit computers and
penpheral equipment to run 25-30 programs
simultancously.  3-5 of these programs may be
high prionity interactive graphical ones. with high
CPU  demand. The system should serve
altogether 50-60 users.

As the system is planned mostly for CAD
purposes, the CAM part and the production side
(mechanical engineering elements) are restricted to
a minimum which is enough to test and
demonstrate the results of the computer-aided
design programs.

3.2.3 TUB system requirements:

The complete system should provide access to the
resources of the central, 32-bit computers of the
Technical University of Budapest for all the
computers of scveral departments, which are
situated in 6-8 buildings within a 600-mecter
diameter circle.  Thesc central computers should
be reached simultancously by 50-70 terminals.
The personal computers can be used as terminals,
t0o. At the same ume, the personal computers
closc to cach other should work together in
independent local networks.

The target of our recent study is only onc part of
this system, which will be a flexible manufacturing
system built up from different cells, which are
connected by a MAP-like network with cach
other and to a 32-bit higher-level computer.

This CIM subsvstem should provide the possibility to
investigate the production processes, including turning.
muilling, welding. etc. and to investigate machine-tools,
CNC and cell controllers. The running and testing of
the available CAD CAM programs should be
provided, too.

3.3 Proposed R&D activities on the CIM
systems

33.1 CAl system:

The results and experiences in the Computer and
Automation Institute of the past ten years in the
CAD;CAM field are the basis of the work which will
be done in the following years.

* The development of mechanical engincering
design and manufacturing systems, based on
surface and volumetric modeling. Research and
problem-solving of product modeling.

» Rescarch of different level MAP networks and in
the ficld of network compatibility.

¢ The research and development of control systems
of flexible, integrated manufactunng ceils and
systems, and of robot and machine-tool
controllers.

* R&D of automatic measurement and supervision
of machine-tools, and machined parts during
manufacturing, using computer-aided diagnostics.

« Application of the methods and means of artificial
intelligence, as cg.  knowledge-based and cxpert
systems to the above listed R&D ficlds.
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Figure 2 . Cell controllers on a network

Cell controller Cell controller Cell controller
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Figure 3. Hierarchically different elements on a network
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Figure 4. Factory-level and shop-floor networks
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332 TUB system

This system will be used mostly by the staff of the
Department of Mechanical Engineering. and by the
members of the other departments of the university,
and by rescarch and development people of connected
mstitutions. The R&D activities on the system will be
based on the outstanding technical and scientific
results of the Department in the past vears, including:.

* Research of control systems of manufacturing
processes, and of integration of different
production systems.

¢ Cell- and system-level implementation of MAP
protocols.

» Coupling of manufacturing system controls with
production planning and other preparation
packages.

» Rescarch and development of different ficlds of
attendance-poor manufaciuring, such as:

o matenial handling;

O data- and matenal-flow, using intelligent ccll
controllers;

o fixtures, pallettes;

o technological design;

o productior: planning systems;

0 co-ordinate measurement technique;

o testing of workpieces and tools during cutting
processes;

o reliability tests and state supervision.

Some of the above tasks should be solved already to
provide an error-free operation of the system.

3.4 System architectures

To rscach the above goals and to solve the
above-mentioned tasks the systems will be structured
as shown in Figures S and 6. The main components
of the systems are the following:

34.1 CAl system (Figure 5):

« 32.bit computers connected by means of an
ETHERNET backbone network, mostly for CAD

purposes.

* MAP network to make connections with the
process-control and manufactunng system-control
VME systeins.

* Special, goal-oriented subsystems. which can be
connected either to the computers of the
backbone or to the MAP network.

¢ Mecharucal engineering elements connected to the
MAP network (machining cell, measurement cell).

342 TUB system:

« The complete system consists of 32-bit megamim
and 16-bit minicomputers connected to an
ETHERNET network. The local networks which
contain IBM-like PCs arc connccted to the
ETHERNET.

e The 32-bit computers of the CAM system are
directly connected to the ETHERNET network.

* The FlexCell cell-controllers (IBM PC/ATs) are
connected to a MAP-like network, which 1s
connected to the ETHERNET via a 32-bit
minicomputer.

» According to the recent plans, the system coatains
the following cells, from which the manufacturing
cell already operates.

o Manufacturing cell (CNC lathe & CNC
machining centre, served by robot and by
PLC)

© Matenal handling and storing cell (palettes,
- AGY, buffers, tool stores with intelligent
supervision, etc.)

o Assembly cell (robot, vision-module,

force-torque sensor, etc.)

0 Measurement cell (CNC  co-ordinate
measurcment machine, manipulator, table,
ctc.)

0 Material preparation ccll (welding,

manipulators, AGV, etc.)

There are plans to implement 1-2 further cells.

[

The matenal flow between the main cells s
represented in Figure 7. The matenial flow is realized
by mcans of robots, manipulators, and AGYV.

Information flow is solved by a MAP-like nctwork
between the cells and from the cells to the 32-bit
computer which is connected to the ETHERNET.
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Figure 5. CAD-oriented CAl CIM-system
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4. ADVANTAGES OF CAD/CAM
NETWORKS AND PROTOCOLS

Unification and standardization of information and
control systems can be based on local arca networks
(LAN). As long as there is 2 homogeneous computer
park, a DECnet or SNA network can be
advantageous. However, most industrial manu-
facturers use different kinds of computers in the same
plant or factory. To connect the different computers,
a standard network must be used. The MAP;TOP
standardized protocols now scem to be the optimal
solution.

The MAP project started in 1983 with more or less
utopian goals. The subsequent years resulted in great
progress, and finally .a 1988 the MAP,TOP 3.0
version products appeared on the market with a
guarantee of staying unchanged at least for six years.

There are a lot of arguments against the MAP
network protocol standards because of high prices, too
high sophistication and the fact that there are only a
few working references. In 1983 wide application was
not expected carlier than 1988-89, as at least five years
were necessary for the 30 leading enterpriscs to run
co-ordinated R&D and to get useful, up-to-date
results, which can become intemational standards for
at lcast 6 vears. Until now, morc than 500 firms have
expressed  .cir willingness to  accept  MAP/TOP
standards world-wide (7).

The American IBM, GM, John Deer, Eastman
Kodak and others, and the Europcan BMW, Volvo,
British Aerospace, etc. started to implemznt MAP
networks in a production environment. Together with
the increase of industnal applications more and more
dealers are suggesting MAP clements, cards. systems
and services, that necessarily will lead to a fast price
drop soon. According to ccrtain forecasts, one MAP
node cost more or less than US$150 alrcady in
1989-1990.

These are the rcasons why we are supporting
MAP/TOP nctworks cven if they are hardly available
today. If there is a lack of MAP interfaces,
ETHERNET clements can be used temporarily as

substitutes.  As the physical medium of MAP and
ETHERNET are the same the application of MAP
will not nced new cabling.  The FTHERNET
interfaces can be changed to MAP ones step by step.
and in the meantime the two types of systems will be
able to work together.

S. CONCLUSION

The world-wide proliferation of highly automated
manufactuning systems can be imagined only if the
system modules are standardized (see I1SO, OSI, MAP,
TOP, VME, EIA, DIN, GOST, ctc)). On the other
hand, an up-to-date, possibly computcr-aided design
implementation methodology, such as SATT-DOC
(3) should be applied. The working manufacturing
systems have proven that big systems are getiing morc
and more complex by adding new clements and by
changing old clements and functions according to
demands, which would not be possible without having
standard subsystems and without a good design with a
certain “look-ahead.”

Active co-opcration between different countries in
R&D and in implementing systems is impossible
without respecting all international  standards  and
prescriptions.  The two CIM pilot plants, recently
implemented in Hungary, are serving the above goals
by giving companics a chance 10 use up-to-date
softwarc-hardware means.

The internationally accepted MAP TOP standards arc
planncd for application. Howecver if certain elements
are not yet available (as MAP 3.0 interfaces today),
other standard elements (such as ETHERNET) would
be used temporarily.

This way the systems can work without delay. and as
soon as the circumstances change positively the
appropniatc clements can be substituted.

Information cxchange should be osganized within all
countrics and between  countries  concerning CIM
systems and standards, thus all associations which
plan to promote this goal should be supported. First
of all, the ISO-OSI world standards such as
MAP; TOP should be applied.
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SOFTWARE STRATEGIES FOR CIM

by H. BELITZ and M. WEBER, Academy of Sciences of the German Democratic Republic,
Institute for Theory, History and Organization of Science

1. Introduction

Software is a crucal factor for the development of
computer-integrated  manufactuning  (CIM) (ECE,
1987). Knowkdge stored in the form of software is
uscd 1n the direct contrcl of production systems,
ensunng the automation of both matenal and
intcllectual production processes in CIM systems.
The cfficacy of these systems is largely determined by
their intclligent component “software.” And their
cfficiency 1s increasingly influenced by software costs
dunng the whole software life-cycle. Social
implications for the working people arise in the
production process due to the interaction between
“machine intclligence™ stored in software and human
intelligence and knowledge.

The development of cfficient sofiware  confronts
suppliers and uscrs of CIM systems with strategic
problems widely known as the software crists. Their
alleviation requires the claboration and
mmplementation of long-term  softwarc  innovation
strategics at both micro- and macro-kevel (Weber and
Belitz, 1989).

An innovation strategy for the macro-level must
increasingly become a necessary and  co-ordinated
guideline for the strategies of different participants in
the nnovation process on the micro-level (software
cngincers, suppliers and uscrs) and not only an
unconscious  result of individual strategics.  The
control of the manifold relationships between the
levels in the stratczic management of innovation
processes is becoming more complicated due to the
synergy of high technologies (softwarc engincening and
CIM), and the resulting profound changes in the
industnal structure. At present it is crystallizing as
one of the general problems in innovation rescarch. A
rescarch  project  called  SOFTCIM  (software
cngincening for C/3 systems) has been initiated at the
Institute for Theory, lHistory and Organization of
Science to tackle this problem.

This paper summarizcs some of the results obtained
up to now, based on the authors” participation in the
claboration of a software strategy for the (erman

Democratic  Republic. The paper focuses on
strategically  relevant  trends  in  intemnational
specialization and co-operation between  software
suppliers and suppliers 'users of CIM systems, as well
as on conclusions for strategy building at the national
level.

The second part describes the aims of the SOFTCIM
project and the framework for strategy building. All
the other parts of the paper are devoted to analysing
the strategic integration of software proaduction,
software rescarch and CIM from an international
point of view. Strategically relevant characteristics of
software nnovations for CIM serve as starting points.
Then trends are charactenized in the specialization and
co-operation between the software industry, CIM
suppliers and users, as well as forms of soaal
co-ordination of strategic software rescarch. The last
section summarizes the Germman Democratic
Republic’s cxpenence in the strategic management of
sofware  production, draws conclusions from
international trends for strategy building at the
macro-level and outlines future rescarch.

2. A framework for strategy building in
software engineering for CIM: The
SOFTCIM research project.

The aim of the SOFTCIM research project is to
claborate a concept, 2 mcthodology and tools for
supporting central state management and planming
authoritics, as well as economic unils in strategy
building tn the ficld of CIM software.  We are
procceding from  the thesis that the strategic
contradiction between demand and supply of CIM
software can only be solved in qualitative and
quantitative respects by socially organized development
and widespread introduction of new software products
and software innovations. The innovators™ activitics
and the social efficiency of innovation processes arc
largely influcnced by:

l. Knowledge about innovations and the course of
innovation processes in a2 social environment, as
well as by the innovators’ capability 1o build and
implement innovation strategies;
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2 The formation of socal condinons and
mechanisms.  which  determune the  mnovatory’
aims, demand and the avatlability of natural and
social resounces.

In the past. innovation research focused mainly on the
analvsis and forccasting of trends in separate saentific
and technologacal disciplines or innovation fickds (e.g.
microckectronics, fleuble  automation, computer
technology. software technology) and the claboration
of strategic alternatives under stable social conditions.
The development and  synergy of these high
technologies in the emerpng new organizational mode
of production that we call fleuble production
(Haustein, *989) make high and new demands on the
soci0-economic management of innovation processes,
thus initiating a new stage in innovation rescarch.

Today, the creation of a flexible and economically
cflicient system for managing and stimulating
co-oprration between all participants in technological
change is thc most challengng function of an
innovation strategy. Thercfore moderm innovation
rescarch aims at:

e [dentifying altemative directions for nnovations,
including therr  technological  and  social
dimensions, and

» Supporting the innovators’ actions by clanfying
goals (strategy building at the micro-level) and
their social co-ordination (formation of adequate
socio-cconomic mechanisms at the macro-level).

Our framework for building sofiware strategics (Weber
and Belitz. 1989b) comprises two inter-related tasks —
the socio-cconomic evaluation and the determination
of guidclines for action — to be solved at two levels.
At the micro-kevel, softiware innovations arc being
developed. implemented and  used in  research
institutions and cconomic units (“innovators’ level”™).
The social control of innovation processes is cxercised
at the macro-level by  various  co-ordinators
(govemmental and non-govemmental, national and
international organizations, associations,
administration, legslation, banks, tradc unions,
interest  goups  in industry, rescarch  councils...).
Individual and team  working processes at the
micro-level are being studied by disciplines such as
software crgonomics, suftware psychology, software
metrics and project management, thus providing the
basis for stratcgy building. The two levels are
integrated by the software infrastructure (Bochm and
Standish, 1983), a system of information channcls
between the innovators and the co-ordinators.

In order to suppori stratcgy building. our rescarch
work within the SOFTCIM framework has been
concentrated on the following subjects:

1. Micro-kvel:

« Statc of the art m the soco-cconomic
evaluation of software innovations by CIM
uscrs,

* Structure of a simulation model (Weber and
Belitz, 1989b).

2. Macro-kevel:

* Development of the software industry
(including its infrastructure);

= Software mmnovation strategies that are being
accomplished world-wide and new  control
mechanisms  for stimulating  innovations
(Weber and Belitz, 1989a).

3. Strategically relevant characteristics of
software innovations for CIM.

For the past two decades, the software industry has
cvolved with its own technological foundation i the
same way as software has become a  separate
component (relatively independent of hardware and
uscrs) of embedded information systems (IS), for
example in CIM systems.

At the same time, owing to its interfaces with
hardware (systems software) on the one hand and with
the user problem (application software) on the other,
software engincering has become a new element both
in hardware production and in production processes of
supplicrs and users of embeddced IS.

As a form of knowledge production, software
cngincering has specific features distinguishing it from
traditional matcnial production. Most of the trouble
supplicrs and users of CIM software systems have, can
be explained by the following peculiarnitics:

1. Softwarc devclopment is a crcative intellectual
tcam work. In companson with other engincenng
occupations, the productivity of software engincers
varics cven more.  Rigid working methods and
formal discipline (Taylonsm, softwarc
burcaucracy) usually sct up bamers to creativity.

The nced for software engincers to keep up with
softwarc technologies and management is a
protracted- process of bringing to matunty the
softwarc cngincering culture  (Humphrey, 1988)
that differs cssentially from  the culture  of
hardwarc produccrs.
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2. From an c¢conomic point of view, software
development s umique  production. R&D
expenditures dominate the production costs and
can handly be planned or forecast. The time
factor in the development phase becomes even
more unportant. as copying takes practically no
time, and the first supplier has the chance to
conquer a large market share.

3. CIM software systems are more complex than
hardware systems and have a longer life-cycle.
That is why great demands are made on therr
rcliability, portability and maintamnability. There
1s a close dependence of software quality on the
software technology apphied.

Rapid changes in software technology, long
maturation periods of technologies and long
life-cycles of CIM software contnbute to the
growing significance of strategic CIM concepts
and standards for open systems within  the
framework of which further innovations are
possible.

4. The quality and bencfit of CIM sofiware arc
judged according to specific uscr requirements.  As
CIM concepts themselves are still evolving,
requirements engincering is a complicated process
of knowledge acquisition and knowledge
management that can hardly be supported by
methods and tools. For this reason users have to
participate in software engincenng, combining and
cxtending their knowledge about uscr problems
with the knowledge about software development.
This requires new hybrd qualification profiles and
a new division of labour and co-operation
between specialists and economic units.

Experience has shown that CIM user problems
stimulate further progress of software technology. In
addition, the social rclevance of CIM leads to high
pressure on the cfficiency of software engincenng.

4. Trends in specialization and in
co-operation between the software
industry, CIM suppliers and users.

CIM is not a single technology, but rather a global
concept.  CIM systems have to be tailored to
individual companics. Thercfore CIM strategies vary
widely and a large part of CIM software is still being
produced in-housc by uscrs.

However, today there are not only numerous vendors
of CIM componcnts (hardware, software, tumkey
systems, production systcms), but systems of
integration software and services for CIM are also
offered on the world market.

Owirg to the growing importance of software and IS
services, structural changes are taking place in industry
and research, the knowledge of which is a comer-stone
for strategy building by cconomic units and rescarch
mstitutions.  Of special interest are:

» The development of the software industry and

« Speaalization and co-operation between software
producers, CIM producers and users.

In order to support strategy building n software
engweering for CIM, we analysed the statistics of the
world’s 100 kading IS companies published annually
in “Datamation.” This analysis revealed that these
companics had the highest growth rates of revenues in
IS services and software. The market segment of IS
services 1s closely related to software  production.
Experts estimate that 30 to 50 per cent of the IS
service revenues come from software (c.g. custom

programuming, system integration consulting).

In 1987, software accounted for 8.2 per cent of all IS
revenues (IS senvices, 7.6 per cent). The share of
these two market segments in the leading fums’
revenue has increased since 1984, showing that
efficient software production is an important factor for
success.

Regarding software production for CIM, it is of
special interest to see how specialization between
software and consulting firms, computer vendors and
supplicrs/uscrs of CIM systems is reflected in statistics.
From among the software suppliers in the
Datamation-100 list, four groups of firms were formed
according to the following characteristics (sce Table 1):

1. Does data processing determine the profile of the
firm (yes/no)?

2. Docs software production, as a pant of data
processing, determine the profile (yes no)?

Fach of these groups of firms is pursuing its own
interest on the CIM software market and has its own
opportunitics for advancement. The firms of the first
and second groups concentrate on the production of
standard softwarc and softwarc tailored to users’
nceds, whercas the third and fourth groups offer
mainly systems software for their hardware (sce Figure

1.

In particular, the big firms of the second group have
done pioncering work in building CIM systems. After
all, 65 per cent of the investments spent on CIM in
the United States comes from large complex systems
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purchased by the top 2 per cent of manufacturers
{Krouse, 1987).

Recently, these large CIM users have increased their
standarduzation cfforts in IS, having the ability to put
pressure on IS suppliers.  The activities of General
Motors, the world’s largest manufacturer, are well
known. With the help of its Manufactuning
Autonation Protocol (MAP) project, an international
standard for communication networks m CIM furms 15
being developed.  General Motors is engaged in 2
five-year software development effort known as the C3
data pipcline, co-operating with other stratemic
partners under the direction of its own subsidiary
Electronic Data Systems (EDS).

The example of General Motors proves that large
CIM users of the second group increasingly offer
software, IS services and consulting on the market.
EDS, for cxample. aims at changing the relationship
of software for General Motors to software sold to the
market from 2to 1 in 1987 10 I to | at the beginning
of the 1990s (Datamation, 1988).

Many hardware suppliers (third group) are also
entenng the expanding CIM market, combining own
CIM software and offerings of other vendors to supply
integrated systems. The am is to buld uwp a
comprehensive software Lbrary for their computers.
the emphasis being put on system software.  Above
all, the large computer vendors such as IBM, DEC
and Hewlett Packard are applying CIM systems and
are able to offer application sofiware and systems
integration services. The same applies to lanpe
heterogencous companies of the fourth group. such as
Sremens. However, CIM systems are only a
by-product for them. In contrast, smaller computer
vendors such as Pame are  undergoing a
transformatioa process into systems software and
integration services companies.  Through the purchase
of the well-known CAD CAM fim Computervision
in 1988, Prime became the sccond-largest player in the
CAD CAM business overnight, after IBM. CIM as a
product is regarded as the centre of the comp.ny’s
strategy.

Table 1.

Groups of leading IS companies with selected representatives in 1986

2:YES

2:NO0

Ist group:
Software and consulting firms

2nd group:

Big heterogencous companies,
especially suppliers of application
systems, custom programming
and system integration

I:YES Microsoft TRW
Lotus EDS;General Motors
Intergraph General Electne
Computervision Arthur Andersen
Computer Sciences McDonnell Douglas
3rd group: 4th group:
Hardware supplicrs Heterogeneous companies supplying
systems software
1:NO IBM Texas Instruments
DEC Honeywell
Hewlett Packard Embhart
Prime Siemens
Fujitsu Philips
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Figure 1.

Average IS services and software revenues
in the four groups of IS companies (1986)

Millions

L

- 88 8 8§

Software and consulting firms (first group) are playing
an outstanding part in the emerging software industry.
They are proving an cfficient form for software
innovation transfer, trying to ensure their survival with
the help of different strategies. The following are
central points of such strategies:

1. Survival through growth, purchase/amalgamation
of smaller firms;

2. Opening up niche markets with innovative
products (e.g. Al software for CIM);

3. Strategic alliances with hardware suppliers and/or
CIM systems supplicrs for joint marketing;

4. Offering special scrvices (systems
consulting) for CIM users.

integration

Statistical analysis of the 100 leading IS companies has
confirmed that there are some essential differences
between software and service companies (first group)
and other firms:

* As regards the number of employces, software
firms are much smaller than computer firms (third
group), which in turn arc on average smaller than
firms of other industries;

Software
Ej IS services

* The average revenue per employee of software
firms was about 25 per cent lower than that of
other groups in the period under review;

¢ R&D costs per employee and net income per
employee of IS firms (first and third groups) are
remarkably higher than those of other
heterogeneous companies;

¢ The share of the net income in revenues of
software firms, which averages 8 to 10 per cent, is
distinctly higher than the shares of other groups of
firms.

These investigations prove that software and
consulting firms are new economic units with specific
charactenistics. Table 2 compares the charactenistics of
hardware vendors and software vendors. Softwarc
firms cannot simply be integrated into large
heterogeneous compantes but  require  specific
management methods and a long-term conception for
the development of a culture of their own.

Independent software firms are best suited to transfer
software technologes.
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Table 2.

Comparative traits of hardware and software manufacturers

Characteristics Hardware vendors Software vendors
Prncipal differences Production-oricnted More devclopmental intelligence,
capital-intepsive mntenstve few fixed and direct expenses,

potential for much larger margins and the
short-term manipulation of operations,
profitability, and strategic expenditures

Personnel Semi-skilled Highly task-onented individuals,
vast differences in productivity

Management, Hierarchical pyramids, Shallow, more participative

organizational differences  formal reporting channels management structures

Product Technology-based Knowledge-based

Source: Newman et al., 1987.

5. Strategic software research and its
social co-ordination.

The strategic contradictions in software engineenng
cannot be solved quickly by ecfforts of individual
organizations or by isolated improvements in the
software infrastructure. For this purpose, long-term
scientifically-founded and vigorous measures on
national and intenational levels as well as the
co-ordination of software strategics by society are
necessary.  In the highly industralized countries,
Govemments and firms have managed to improve
co-operation between their R&D units and the
concentration of software technology. R&D has
progressed considerably over the past deccade. The
development of software technology has reached a
stage requiring new social circumstances to be created
by mecans of large-scale strategic software technology
programmes.

In the industrialized countries, many strategic software
technology programmes are being realized at different
levels, by corporations, alliances, and national and
international communities.  This “boom” reflects the

synchronization of economic processes and general
trends in the development of productive forces.
Strategic projects aiming at promoting software
innovations may be arranged according both to tae
management levels and to the range of supplies of
software products and services for CIM.

Figure 2 gives a survey of the strategic projects in
market economy countries showing how these can be
grouped in seven clusters:

1. Projects of international communities supported
by a broad range of IS suppliers.

2. National projects realized by a broad spectrum of
IS suppliers.

3. Projects of national alliances of corporations and
research consortia.

4. Projects of corporations producing IS equipment.

5. Project of corporations manufacturing and/or
using embedded IS (e.g. CIM systems).

6. Projects of small innovative software enterpriscs.

7. Projects of research institutions.
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Figure 2.  Clusters of strategic software technology programmes

LEVEL
SUPPLIER Alliances
international National of Corporation Enterprise
corporations
. CAM-| Lockeed

Supplier of

embedded IS 4 MAP/TOP TRW
cos GEC
US DoD ﬁ
Manufacturer ESPRIT JFGCSP 1BM Wicrosoft
of ISand IS n Carnegie Group
components EUREKA ALVEY Fujitsu Reasoning
Systems

Designer of MIT M:C

prototypes CMU

MAP = Manufacturing Automation Protocol

TOP Technical and Office Protocol

cos = Corporation for Open Systems

GEC = General Electric Corporation

JFGCSP = Japanese Fifth Genceration Computer Systems Project

TI = Texas istruments

MIT = Massachussetts Institute of Technology

MCTC = Microclecironics and Computer Technology Corporation

CMU = Camegie-Mcllon University

ESPRIT = Europcan Strategic Programme for Research in Information Technology
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The following charactenistics of these

programmcs should be emphasized:

strategic

* Their long-termn orientation (approximately 10
years),

* “The long phase of preparation (numcrous experts
have to be engaged),

» The (intenational) co-operation of competitors in
R&D and in marketing (R&D consortia),

* The high corporate investments into basic
research,

* The combination of application-oriented basic
research 1n different high technologies (software
technology, new computer architectures, ASIC
design, artificial intelligence, CIM),

+ Government support through co-ordination,
financial assistance and sales guarantecs,

¢ The growing influence of software users and their
increasing participation in resecarch programmes
and national and intcmational standardization
cfforts,

* The oncntation
infrastructures.

tnv yds  efficient  software

The official comprehensive strategic programmes are
only the tip of the iceberg.  Govermments and
corporations have initiated many other activities for
promoting software enginecring. There are some ficlds
in which an especially close co-operation between the
fevels can be observed including:

* The establishment of R&D centres and high-tech
parks,

» Provision of venture capital for small innovative
software firms,

* Tax and customs policies,

* Standardization,

* Legal protection,

* Educational policics.

6. Strategy elaboration for CIM software:
Experience in the German Democratic
Republic and new challenges

The Geman Democratic Republic’s economic
strategy is aimed at the development and broad
application of high technologies, in particular
microelectronics and CAD/CAM;CIM. In the
mid-1980s, planning authoritics arrived at the
conclusion that an industnalized country with thesc

objectives could not do without a software strategy of
its own.

“Robotron™ and “Datenverarbeitung”™ are two large
combined works in the German Democratic Republic,
concentrating on software cngineering.  Many other
combincd works built up software eangineening teams
for CAD/CAM,CIM in the 1980s, which step by step
arc being tumed into independent firms with an
increasing authonzation to take decisions. However,
software is still a bottleneck, both in quantitative and
in qualitative respects, although the software tumover
has had growth rates of more than 20 per ccnt in the
past few years.

An international companson of indicators such as
software cxports and share of software revenue in
GNP shows that the German Democratic Republic’s
software industry — and that of other socialist
countnies — has made headway, but is somewhat
dclayed in comparison with other countrics with a
leading position in this ficld (Goodman, 1987,
Hebditch, 1988).

Important tasks for the next few years are:

* To lay the scientific groundwork in the ficld of
software technology on a large scale,

« Essentially to increase the potential for basic
rescarch into software technologies, especially in
the “Robotron” and  “Datenverarbeitung”
combined works,

¢ Dccisively to  increase
software engineers,

the qualifications  of

¢ Find proportions between large, medium- and
small-sized software engincening firms that arc
adequate to the nature of software development,

e Devclop  organizational forms of  closer
co-opceration between science and production, and

+ Improve the management and planning system.

All in all, it is nccessary to improve the framework for
research in computer science and software technology
putting emphasis on the following (Mecrkel, 1989):

1. Co-opcration within the CMEA:

Co-operation within the CMEA in software
technology does not correspond 1o intemational
standards excmplified by ESPRIT and EUREKA.
Two conclusions should be drawn:

First, it is necessary to continuc the cfforts made
towards the further development of the common
CMEA market through the co-ordinated
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improvement of national economic management
mechanisms (CMEA, 1988, p. 7).

Secondly, it is necessary to increasingly develop
mutually profitable co-operation with scientific
organizations and firms of leading countnes (for
example. joint ventures); the foundation of a joint
German  Democratic  Republic-USSR  software
ffm was an important landmark at the 1989
Leipzig Spnng Fair.

[

. Co-operation between research and industry:

Owing to the short-term orentation of several
cconomic units, 1t is not easy to arrange strategic
co-operation between R&D institutions and
industry. With the growing independence of the
German Democratic Republic’s economic  units,
there is also an increasing interest in long-term
and close relationships with R&DD; and the ability
to make high profits on intermational markets with
the help of onginal developments is  being
strengthened.

The md-1980s saw initial cfforts to ¢reate a
framework at the macro-level for the devclopment of
an infrastructure for the software industry. This
framework, which is not yet perfect, is formed by
scientific socicties, educational institutions, temporary
management structures and expert groups, territonal
structures  (interest groups and user  communitics,
organization of software markets), information and
consultation centres for software, as well as state
organizations.

In 1988, software strategies were elaborated both for
selected combined works and for the national
economy. The present stage in strategic work can be
charactenzed as follows:

1. Strategic work has concentrated on most
promising ficlds (systems soilware, application
software, CIM, DBMS, software technology,
artificial intelligence, etc.).  Forccasting and
quantitative cvaluation of software technologies
have not yet been integrated in  strategy
claboration. The time horizon should be further
extended in future strategic work.

2. The statistical database for stratcgy building has
been improved. However, it is not yet sufficient
for evaluating the level of automation attained in
industnal software engineering.

3. The management of software strategy claboration
has to be further improved (ensure independence
of individual combined works, independent
evaluation of strategies, provision of strategically
relevant data, strong companson with the
advanced state of the art expected).

4. An efficient strategy has to offer favourable
opportunities for development to the software
industry; it should actively contribute to the
formation of relationships of production that are
adequate to the specific charatenistics of software
as a productive force.

Further resecarch work is necessary in  the
following fields:  price fixing for software,
combining the advantages of large-, medium- and
smal'-sized software engineening firms, economic
mechanism, software protection, cfficient forms
for integrating science and production.

As a whole, considerable cfforts are necessary to
establish a sound methodological foundation for
strategic work.

Intensive work is being camed out in the German
Democratic Republic to combine methods of
economic management with administrative methods
(balancing as a form of social co-ordination between
software engineering companics and avoiding parallel
developments). In so doing, emphasis is put on the
extension of market relations to the whole information
and knowledge industry and their integration into the
socialist planned economy (Haustein, 1989).

To sum up, the main problem is to organize the
wholc social environment in accordance with flexible
production as the new organizational mode of
production (for a more comprehensive discussion sce
Weber, 1989). Obviously, the economics of
“intcllectual” products differ esscntially from the
economics of traditional products (Makarov, [987).
Our future research efforts will concentrate on the
socio-economic evaluation of intellectual production
(in particular, intellectual onginal production,
software, antificial intelligence), investigations into
flexible production, softwarc  cconomics as an
important component of the economics of CIM as
well as on the methodology for elaborating innovation
strategies.
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STANDARDS FOR MANUFACTURING

by M. ACTIS DATO, Digital Equipment, CIM International Engineering, Torino, Italy

The need for standards

CIM applications are considered by the general public
as one of the most significant symbols of our times
and as outstanding milestones in technical progress.
Insiders may share such an enthusiasm, but certainly
are keenly aware of ali the difficulties that have been
painfully overcome for each of the accomplishments.

According to a report from Ingersoll Rand, in the
United States 80 per cent of CAD/CAM, FMS and
integrated DB implementations, and 60 per cent of
CAD, MRP and DNC implementations have failed to
reach their goal.

Measurement of success is an ill-defined matter, but
on no account can such a record be considered
bnlhant.

It must be analysed keeping in mind that the most
basic CIM function, integration, is performed
according to each individual case by organizations
having very different charactenistics, strategies,
objectives and constraints.

The systems integrator (SI) can be a machine-tool
manufacturer who has added to his original know-how
to become a problem solver rather than a supplier of
off-the-shelf products; or can be a manufacturer of
device controllers that has stumbled on CIM issues
trying to connect the individual machines in a
network; the SI can also be an IT systems vendor
who 1is eager to get the overall responsibility for a
project, but subcontracts some of the tasks.

In all the above cases there arc two conflicting
cultu:cs: one process oriented and traditionally related
to electromechanical know-how, the other
IT-oriented.

Each CIM project is a different story, but some
features are fairly constant.

The lack of involvement of the IT function in the
initial phases of the project is particularly frequent and
dangerous. This leads to underestimate its costs, and
to disregard problems and opportunitics entailed by
integration. A sysiem-oriented attitude carly in the

project can be a key factor for success, assisting the
final user to derive from his necds, often unexpressed
and perceived confusely, as set of precise requirements.

Lack of communications between engincers and
computer scientists can continue duning the project’s
life, so that modifications to the physical process are
not accompanicd by the corresponding changes in the
conirol systemn; in some cases, they diverge to the
point that the sub-projects can be considered virtually
unrelated. Inconsistencies increase during time, and
can be detected only in the field, late in the life-span
of the project. Morcover, a tight budget, caused by
the late involvement, does not allow corrective
actions.

Another problem, and not a minor one, originates
from the fact that typically the field test of the control
systemn is the last activity in the project that can be
performed only when  the  clectromechanical
components are working properly. Delays and
inefficiencics from the most vanied origins, which were
overlooked in carlier stages, become suddenly evident
because of their cffects only in this phasc.

Usually the IT department is charged with the faults,
according to the rule that: “when something goes
wrong the blame is on the one who was nearest when
the discovery was made.” In such a way the IT
department becomes the scapegoat for faults that more
properly should be blamed on the whole organization.

In the long run the situation will improve as a result
of the increasing diffusion of the new culture; for
today and for the near future, all SIs can only try to
minimize their exposure to risk.

Independently of how Sls are classified, this leads to a
continuing endeavour to shrink development lead
times, using, at least partially, products from previous
experiences.

Conversely, it means also the attempt to implement
products that can be used on several occasions.

This approach, in addition to clear advantages in
terms of lead times and costs, allows to put a remedy
to the wuncertainties ecntailed by incomplete
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specifications, their late delivery. and to vanations to
the orginal design, whichever cause may newd o be
rectificd.  Morcover, as a  prerequisite to  rapid
prototyping. it can have a cruaa rle in the imtial
phases of the project, when it is necessary to assess the
true problems and expectations of the chent.

Not many can boast significant accomplishments in
this arca.

The difficultics anse from diffcrent causes: on the one
hand the problem is intrinsically complex because the
applications tend to differ significantly from one to0
another, and because technical, organization, cultural
aspects are intermixed.

On the other hand technical improvements make the
proven solutions obsolete in a short time, leaving
insufficient time to rccover the capital investment.
Finally the lack of widely accepted standards entails an
cxceedingly fragmented supply.

The SI can influence, marginally, only the last of the
three causes of inefficiency. Unfortunately even this
task is neither simple nor easy.

The SI can have two basically different attitudes with
regard to standards: he can either passively wait for a
norm to be defined and widely accepted, or he can get
actively involved in its defimition.

The speed of Linovation is such that the first strategy
has no chance of success. It's likely that a nom,
when formally accepted as such, will be obsolete. The
“window of opportunity” to exploit the potential of a
standard-based product is so narrow that the product
must be ready well in advance of the formal relcase of
& norn.

Active involvement in the preparation of standards is
therefore mandatory.

Players and trends

The players in the area of standards are so numerous
that their simple listing is well beyond the scope of

this paper.

For a description of the standardization bodies, and a
thorough discussion on their scopes and operating
procedures, we recommend the book by C. Cargill
(Ribliography).

Suffice it to say here that standardizaticis bodies can
be grouped in the following categonies:

« Intemational.

o ISO  (Intemational  Organization  for
Standandization)

¢ 1EC (International Electrotechnical
Commission)

¢ ITU  (Intemational  Telecommunication
Umon)

* Regional. Among them:
¢ ECMA (Europcan Computer Manufacturers

Association)
o CEN (Comité Furopéen de Normalisation)
o CENELEC (Comite Européen de

Nomnalisation Electrotechnique)
» National. For example:

¢ BDS (Comité de la qualité aupres du coasell
des Ministres) — Bulgana

¢ ANSI  (Amencan  National
Institute) — USA

¢ DIN (Deutsches Institut for Normung) —
Federal Republic of Germany

o AFNOR (Association
Nornmalisation) — France

o BSI (Brntish Standards Institution) — United
Kingdom

On the technical side the most significant
developments in recent years arc a consequence of the
growing complexity of the issucs that standards raisc.

Standards

Frangaise de

The industry standard is focused on the potentialities
perceived by the provider industry; the system profile
defines the attributes which a specific user group has
standardized. The bridge between these two groups
comes with the addition of the functional profile,
which simultancously describes a sct of functions
extracted from the industry standard, and a sct of
functions required by a larger class of users than is
represented in the more precise system profile.  In
other words, it translates the potentiality of an
industry’s capabilities in a certain area into a set of
functions from which users can begin to construct a
more specific system.

The functional profile exists in a limbo between
provider's perceptions and user nceds, an area of
uncasy co-operation where the providers discover if
they have anticipated user needs correctly, and users
can find out *f what they nced is within the scope of
what the industry can provide.
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Further dicussions on this 1issee can be found in the
book by C. Cargll vited above.

A workplan for standardization activities

An obvious step for an organization that wishes to get
mvolved in manufacturing standards is to join the 1ISO
TC 184 commuttce. whose charter is “Standards for
Industnial Automation Systemns.”

It is also the place where difficulines begin, because
1s composed of § subcomumutiees and some 20 workang
goups, cach with its own formal structure and cach
meeting at keast twice a vear.

i a choice is not made, mercly to be present at the
mectings cntails a workload not far from a full-time
job. Such a commitment is not enough: IT standards,
which arc cssential to integration, ar.  processed
clsewhere. TC 184 sumply sces, after sotne delay, their
projections in the rcalm of automation, and provides
hittle contnbutions to therr definition.

The relevant work 1s camiced out in JTC I it includes
areas such as languages, communications. and
databases, that constitute the core of CIM, but that at
the same time have by far a more gencral mterest and
impact.

The involvement in such activitics  requires
correspondingly a greater workload compared with the
one required by TC 184, It can be measured. in terms
of documentation produced, by a ratio of S10 1.

And that is not all: other committees, such as IEC6S,
have gradually increased their scope to  include
shop-floor communications, a basic building block in
CIM architecture.

Maybe the SI is stubbom enough and is ablke to
overcome the above difficultics.  This does not mean
he has solved all his problems:  after a while he will
discover that the standardization committees are places
where formal decisions are made, but that a lot of
work, technical and not technical, is camed out
behind the scenes in the so-called “feeder
organizations.” like every other club, according to
their nature, they can be very open or very closed to
new centrants.

The SI at this point might well change his attitude
towards standards, considering scveral drawbacks and
unresolved 1ssues:

The actwvity docs not lend atself to being quantificd
and be measund in terms of retum of investment:
consequently, the 1ssues tend to be dispersed among
several loosely related bodies, and there are great
oppontunitics for participation of individuals having
the most vaned goals, personal as well as industnal
and techmical.

For the retumns to become actual. a mechanism must
bc found 10 transfor the results from the
standardizaion  activity to cveryday  working
procedures.  If an effective osmosis cannot  be
achicved. this couid be the most difficult task of the
whole process.

Eventually 2 vicous arcle emerges:  line managers
develop a deep conviction that standardization is just
a diffcrent word for parasitism, and tend to avoud all
direct involvement.  Conversely the individuals in
charge of standard activities, feeling their worth and
importance not adequately understood, tend to
entrench themsclves in a world of their own, adding to
the impression of an unproductive activity.

A case study: the cell controller

The concepts in the previous paragraph can be better
rcalized f scen in the context of an  actual
development activity. A manufactuning ccll controller
offers scveral appealing features to illustrate a likely
course of activitics.

The first difliculty is the definition of the controller
itscli: there are at least three committees working on
this issue, and their conclusions are not necessanly
consistent.

When a dcfinition is selected, the number of the arcas
where standards can be applied is overwhelming: in
the software arca alone there is the user interface, the
application itsclf, the sct of tools and scrvices that
constitute the application platform, the cell data base,
the product and process description, and all the
communications: to the ficld (fieldbus, to the
machinc controllers, to the peer ccll controllers, to the
host computer, 10 the computers in the design and
manufacturing engineering departments).

In cach of the areas the number of existing, emerging
or proposed standards is impressive: in thc user
interfaces area alone, taken as an example, at least all
thc following standards are compcling and
supplementing each other: GKS, GKS-3D, GKS-9X,
PHIGS, PHIGS +, X-WINDOWS, PEX, CGM,
CGl. A choice must be made, based on incomplete
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and unsable information. Which is the safe (or the
least nisky ) bet?

Focusing the attention on commumcations In
manufactunng cnvironments, MMS on top of the
1SO OSI stack scems to be the emengng standard.

The specifications have just been approved, and
implementations arc starting to come to the market.
Many important issues are still to be agreed upon
{namely  companion  standards  and  application
interfaces). The nonconformant installed base 1s huge,
as well as the investments it cntailed.

The basic question here is: “at which rate will the
market develop™ The answer probably hes within the
strategics and the behaviour of the machine controllers
manufacturers, and within their user’s preference.

MMS is composed of two parts.

The first (MMS CORE, ISO IS 9506) dcfines the
general framework and rules to  attain  device
inter-operability, in abstract terms, valid for all CIM.

The sccond (companion standards — CS) details the
semantics for every class of devices.

The first part is an Intemational Siandard.
Ccmpanion standards are being  discussed, and
currently arc at vanous stages of development.

CSs try to fulfill all the actual communication nceds of
several types of operating machines. Therr goal 1s very
ambitious; in their most complete form they must
include all the nceds in all operating situations. If a
single CS is defined for every device type it must
incilude somec fcatures that arc required only in a
minority of cascs. and arc an unnecessary burden in all
the other (cg. program up- and down-loading
capabilitics arc not nceded if the application requires
simplc monitoring of the plant).

To avoid this pitfall, each CS will be structured in
profiles, cach comresponding to a class of applications.
The complete CS will have predefined “cuts”™; for each
class of applications only the relevant features will be
implemented.  Of course full up-and downward
compatibility between different classes of the same
type of device is not guaranteed.

Our personal opinion is that 1SO 9506 is a document
of high quality. Fven disrcgarding the standards issue
it maintains its worth; it might well be titled “rulcs for
correct  programming  the interface of operating

machines.” However the success of MMS can be
endangered by three types of probiems:

1. The culture of today’s machine programmers.

Most shop-floor programmers are not familiar
with the concepts of MMS, which requires a
process of abstraction. Presumably the situation
will continue in the future, under the pressure of
labour cost.

A significant effort must be devoted to develop a
user friendly, foolproof user interface, that makes
dircct  reference to the  actual objects and
operations on the shop floor (no abstraction). It
is not sure that the task is feasible, and on what
terms.

. The sophistication of the machine control units.

For CSs the control units must support a highly
sophisticated user interface and a whole set of
different protocols (the classes of applications).
Normally there is not much fat in control units,
and cost is the single most important evaluation
parameter.

The cost entailed by the added requirements might
push a conformant control unit out of the market.

[ ]

3. CSs might proliferate out of control (the rampant
breeding of CSs).

A standard which is applicable in only one case is
not a standard any more. A frequent situation
will be: the considered application is only
partially covered by CS class I; some other aspects
are covered by CS ciass 2; CS class 3 has all it
needs, but it has too many unrequired features. A
new CS, class 4 needs 1o be developed.

Morcover, technical advancements in the process arcas
can force frequent changes even within the same class,
and it is well known that the process of updating a
standard is slow.

The varicty and volatility of the fcatures of the process
world must not be underestimated; probably the first
partial successes will be achicved in well specified
market niches, still to be identified. Good candidates
are communications between cell controllers and host
computer, because there is already available a
significant processing power, or communications with
controls such as “Pyramid” from Allen Bradley, built
around a “real” computer.

A partial success has been attained, outside the MMS
framework, in the plastic industry.
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As a conclusion probably the development and
acceptance of MMS and CSs will be rather slow.
Probably more than a standard in the strict sensc, it
will develop into a2 set of rulkes whxch do not
automatically guarantee mteroperability. but facilitate
interfacing greatly.

The SI who wants to develop an MMS
communaiation layer, facing several uncertaintics, will
try to reduce his exposure to nsk.

He should require configurable interfaces towards the
application (the still undefined companion standards)
and tcwards the lower layers (what happens if the
device supplicrs choose to develop MMS on a simple,
proprictary lower stack?).

He should try to define as data all the information he
can, so that the code becomes robust in relation to
unstable specifications.

He should also try to usc the same development tools
for communications as well as for applications: when
talking of CSs the distinction is in any case blurmed,
there is an obvious advantage in terms of the kaming
curve, and on many occasions it has beers proven that
methods initially designed and tested in the computer
scicnce realm can be successfully applicd in industrial
cngineenng as well.

The requirements are sirict and their fulfillment opens
questions which must be dealt with.

Many of them will become apparent oaly after a
thorough cxamination, but cven at first glance the
issuc of the applicability of Isiclle and lotos is
relevant.

It must be venfied where and when they can be uscd:
for the application, for the MMS layer, for the lower
layers protocols, for device interconncction;  their
scopc must be determined:  test sequence gencration,
specification, requirement analysis, watchdog checking,

The two mcthods are competing, addressing the same
issucs with different approaches: their relative breadth
of applicability is a matier of debate.

It is also worth investigating the interface between
MMS and the software platform provided by the IT
vendor.

For example RPC is a de facto standard, and a de
Jjure ECMA standard, for certain types of distnbuted
applications:  its compatibility with the cnvisaged
MMS implementation is of the utmost importance.

If the Sls consider the opportunity to use a vendor
supplicd MMS, the necessity arises 1o assess to which
extent this is really a product conforming to standards:
In an extreme case it could well be a propoetary
product. labcled as standard. Fven if the vendor
supplied MMS is fully conformant to the standards,
the SI has a2 need to assess how casily it can be
interfaced to the application, or how casidy a laver
equivalent to 2 companion standard can be terfaced.

In front of the volatility and fragmentation of the user
market it is worth considening the development of a
system to gencrate application protocols (to be layered
on top of a standard MMS layer?). The user should
describe and  specify his own inputs using an
appropniate tool, e.g. ASN.1, together, if necessary,
with some other formalism. The system checks the
conformance to MMS rules and produces a code that
interfaces the standard layer.

The concept of protocol gencrator k~cps its validity
also f the standardization asp.cts arc disregarded.
The resulting system 1s a2 product in his own nght,
based on the soundness of the concepts descnbed in
IS 9506

The SI might want to use such a tool, developed for
MMS. also n cases where MMS is not applicable. for
cxample for interworking with devices having
proprictary protocols. This means that the tool must
be able to descnbe and model a wide range of
protocols, down to the lowest 1SO layers.

There is only onc way to find an answer to all the
open issucs that the development of a product
conforming to standards entails: experimentation.

But expcrimentation is difficult by all mcans, and
somctimes 1t requires an intimate  knowledge of

proprictary software.

Morcover it is risky in terms of cost and time versus
expected results, and the investment must be recovered
in a very short time, because c¢venthing becomes
obsolete so quickly, following the improvement of
hardwarc performance.

Probably the successful SI will chose to focus on the
tasks which are unique to his role, that is to cnsure
that a proper interface is developed for the
components among themselves and towards the whole
enterpnse system.

In that casc he will sclect his supplicrs based on their
comipliance to his goals.
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One of the most significant parameters for the choice
becomes  the endors  support  for  standands.
conaiderad as o mulestone i his own strategy . and not
2 user-dnven external constraint.

Conclusions

Hardware  developments have  an overwhelming
influence on the performance that the standards must
be able to support.

Products conforming to standards have thercfore a
short lfe span, and their approach to the problems
tends to appear rather fragmented:  because of the
increasing integration issues, which were orgnally
unrclated. require compatible solutions.

Standards activities are inherently nsky.  because
developments must be undertaken well 1n advance of
any formal deaision by the standardization bodies.
Morcover they can represent a major investment in
terms of time, human resources, cost.

In short. the development of products conforming to
standards is a bet the SI can seldom afford to make.

What the S1 should do 1s to sclect IT vendors based
on their commitment to standands.

I'he IT vendor, in tum. should make his choices on
matters related to standards on the basis of a wide and
deep expenmentation background. This will make 1
possible for products to appear on the market ecarly
and to have a better (native) performance.

Notes
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