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Dear Reader.

This is number 21 of UNIDO’s state-of-the-art series in the field of
materials entitled Advances in Materials Technology: Monitor. This issue is
devoted to the "New Materials Technology and CIM" (CIM= Computer Integrated
Manufacturing).

In each issue of this series. a selected material or group of materials
is feavured and an expert assessment made on the technclogical trends in those
fields. 1In addition., other relevant information of interest to developing
countries is provided. In this manneir. over a cvcle of several issues.
materials relevant to developing countries could be coveres and a state-of-
the-art assessment made.

The main arricle of this issue was written bv Prof. Pablo Spinadel from
the Austrian Research Centre. Seibersdorf.

ve invite our readers tc share with us their knowledge and experience
related to anv aspect of materials development. production. processing and
utilization. It would greatlv help strengthening developing countries’
awareness of world-wide achievements in science and technologv.

“e would be grateful to receive vour opinion on possible subjects for
our forthcoming issues and vour ideas on how to increase the value of our
dcnitor,

For the interest of those of our readers whoe mav not know. UNIDO also
publ ishes two other Monitors: Y¥icroelectronics Monitor and Genetic Engineering
and Riotechnnlogv Yonitor. For those who like teo receive them please write to
the Editor. Microelectronics Monitor and Editor. Genetic Engineering and
Bintechnologv Monitor.

Industrial Technologv Development
Division
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I. THIRODUC TION

A new industrial revolution began with the
development and diftussan of organi:ational changes
and modern automation technoleaies. Although the
tirst impact ot this new industrial revolytion ‘<
already beinag felt it wil! berome increasinaly
strong in the vears to come.

Atter the middle ot the 1370s the demand tor
mass-produced goods began to decline and many
manutacturing industries were forced to produce
customized products. The new marhet requirements
asked for medium to small batch product <eriesx,
i.e. for flexibility in produrtion. Thus. once
again the (onflict between flexibility and
productivity had to be nvercome tthe last time this
conflict appaared. the <nlution was found in mass
produrtion?t.

Ut il naw industrial avtomatinn bas devalnped
very tast and therefore in a very chaotic way.
Flesible automation requires a "complete system”
tdea, beaginning at the sirale production tashk and
svtending ton the glabal concep® of the plant lavout.

Many i-dustries realized studies. showina that
the benefits chtainable through technoloairal
improvemert< or worb rationalization are reachin
Aasymptotical valea.  “5is means that in future nanly
a area’ technylogical jump or structural reform will
enable 3 new increase in productivity. The success
ot this rancept  ralled Tomputer Integrated
Manyfacturira (CIMY, wil' depend on the way in which
all *he separate technolngies will be connected.

qoan

The bey to CIM and tc reaching economic
hongtits lies in the understanding of the rules of
the game hetween production objectivies, technical
romponents and the nraganizational stru-ture of the
indastry,

[T. STRUCTURE OF THE FAPER

This paper intends *n give an introduction to
snome basic ennrepts involvaed in the (IM idea and its
influenca in the developing and industrialized
rountries. Tt does not aive all the solution< and
ansaers . bt hepefylly presents <ome nf the most
signiticant prohlems and auestions,

The intn five parts:

paper s organized

ffart 1 1ueq A

have nrearesd inr

shart nserviea nt some chanqges
the industriral

nver the years and tries tn

tha* will ragse the
nonant tatinaal rhannes and
modere autamgtinn terfinaloqgies globally,

ahich
s ronmant
intluencs

svalaate the

iptroadartinon ot

Part ftves an n,oryies nt the basis
o -ralled cnmputor cided techaiques (TA-Y
*he ar*yal trends and

thae whnle 1ndogstrial

Teihniqyen, shoarnn
future dogelopnent o nf
IAVER SRTAL ST AR

Fart Tive, an n.erview of the snftware
tdove apmant o colated to the TAZX Terhoiques,
the atandard (M ant*ware,
follaand by the wersting ‘anle and *hase gnder
develepmont far the different arcas and ending
intvedagrtann ta tuytyre dn.ﬂlnpmnn'1

heainnineg «th

witt an

whor At e o hew FRrsnlytinn 1n the
cad it enLdranment s AT L 55 yntems and

dncvavae qupport nyntems

Part i: The first three parts shnw the key
vaola that communications will clay in all
applicatinns and new developments ang thi< part
ts devoted therefnre o tha introduc®ion of
"Computer Esperanto” and past. present and
future standardizatior work.

Part 5: Gives a short overview of the impact
ai (IM components in industrialized :ountries
ard also shows the advantages ard possibilities
that well planned rrganizational changes and
wodern automation technologies could introduce
in the develcping countries. [t ends »ith scme
persnnal ideas about this introduction.

PART 1
1. ITne industrial enviromment and 7IM
1 1. Higtorica: evolintion

The real histery of avtomation in the
man:facturing process began in the early 1950s with
the introductiion of numerical control tHOY jus* at
tha point whare many rising ‘ndustries in developed
countries were concerned about the lack of warl
forces. At the same time a lot of population
development studies, specially in Japan, began tn
advertise the need for preparing alternative
selutions for the fact that in the 1390s the
increasing young workers will not beep up with
industrial requirements. These studies indicate
that industrial auvtomation could solve this problem.

Starting from the appliration of numerical
control at the single machkine tool level, the
devolopment continued with the intearaticor of more
than one machine and auxiliary support devires, surh
as material handling <ystems, tonl handling systems
and so en. The development of “ndustrial robots
orcurred practically simultaneously with the
computer based NC (CNT)., but although the first
industrial robot was deveioped in 1961, they only
began to herome important to industrial processes
tosards the end of the 1970s.

With the introduction of the microprocessor the
dependent situation between proqgress in computerized
manufacturing and advances in infarmation technalnay
hardware (stnrage capacity, data processing *ime,
refiability, cost, etc.) chanaed ronsiderahly and
interest became focused or development< in <nftuare
and communication aspects.

The Tagical follow-up of the manufarturing
process is the use of coemputer technology beginning
from the moment of product roncaptinon and developing
arrarding to market informatios, up to its finag’
delivery to the customer.

In rontrast teo traditional agtemation, in which
chains of inflevible, sperial-purpnse equipment ha~x
tn deal with the mass production of relsatively
homrageneous products, the new automation technnlnay
i~ fievihle and applirable tn a wide ranae of
marhine building nperations.

P, Computer integrated manufacturing

no official tIM definitinn byt the
an fngineering Indu.tries and
subsrdiary body of the fronamir
nmmi<sinn far Furope, welected the 1ollowing
vancepte t. describe (IM in their
tor Induitrial Automatanr:

There is
Warking firoup
Automatinn, A
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A closed-loop feedback system in which the
prime inputs are preoduct requirements (needs)
and product concepts {creativity} and the prime
outputs are finished products (fally assembled,

inspected and ready for use:. It comprises a
combination ot sottware and hardware, the
elements of which include product desiun (for
production), production planning (programming),
producition contro! (teedbark, supervisory and
adaptative optimizing). producticn equipment
{inctuding machines tool<) and production
processes (removal, forming and <onsolidation).
{from the Proceedings of the UN/t(E Seminar on
FMS in Sofia, Bulaariaj.

- It is not easy to evaluate the influence
that rapid technclogica! change introduced
by industrial automation will cause., it is
only possible to poinl out some of the
elemente that 1t will change:

- Humanization: Individuals will be replaced
to do unpleasant and boring work such as
chemical products handling, enviranmental
problems (noise, security. etc.). repetitive
work, etc.

- Quality: Mot only will a constant documentedf
quality level be reached. but also some work
which is impnassible to do manvaily will be
realized, i.e. precision, miniaturi-ation,
cleaning. etc. rould be realized.

~ Reductivon of vaw materials and in-process
storks.

- Reducrtion of producrtion lead time.

- Improved control over the fulfilment o1
contrarts and meeting of deadlines.

- TIrrreased flexibility in meeting market
demands.

1.3, Flexibility and the organizaticnal structure

The most important factor in industrial
research has been to reach higher productivity.
Flexibility as an industrial factor has varied
cyrtically aver the yrars, accompanied by a vonstant
increas: in productivity levels, Without an
increasing flexibility almost no industry will be
able to reach a new increase in productivity.

However it will be very difficult to increase
the inherent flexihility of modern industrial
resources which are already very flexible.
Therefore the main effort must be directed towards
reaching a better synchroniration between the
elements themselves and hetween the elements and
produrts. In this tield an increased flexibility
“pems to be possible (a better interrnrlationship,
rould be reached by rhanging the physical and/or
traporal distribution of re<ourres).

PART 2
7. CA-X TECHNIQUES
/2.1, Introduction
Today's enterpri<es are "forced’' to devalop new
production strategies as a resu't of agrowing
competition on national and international markets

parallel to changes n manufarturing conditions,
from mass production to customer-specific

production. The main voquirements are concentrated
onn a higher flexibility of the produrrion process,
irigher productivity and better produrt quality.

Hew developme s in semiconductor technoloqy.
enabling a broader application of cemputer systems
and automation of the entire production proress,
were a precondition for many enterprises when
approaciting these requirements.

The rapid development of automatior. cantrol
techniques within the manutacturing process as well
as the integration of computers with marhines has
led to the application of new maaufacturing concepts
and strategies incorporating "CA-X techniques” to 2
wide range of industries. The main characteristics
ot these techniques will be outlined in the
follawing points.

2.1.1. CAp: Computer aided design

The design process ¢«an be regarded as the
starting point within the production proress.
Several steps in this process (from alternative
conceptis and evaiuvations of solutions to the final
design of single work-picces). result in the
preparation of Jata for manufarturing analysis as
tho ,ubsequent area of product development. As a
rule the design process is interactively
accomplished, integrating econuric questions as well
4% technical alterations to arrive at an optimal
solution.

for the presentation of ageometric objer-ts,
difterent models can be identitied. Starting with
two-dimensional forms of object presentation, an
increased tendency towards three-dimensional
presentation (solids) prevails today. due to the
Vimitations of two-dimensioral models when
integrating new manufacturirg methods.

At the user interface of a CAD-system the woik
of designers is supported by several "comfortable”
instruments such as tablets, light pens or mousa
techniques combined with high resolution screens.
At the beginning of CAD. separate workstations were
introdured, mainly for technical roasons.
Frequently these stand-alone systems are connected
to host computers, whose functions are reduced ton
the management of qgeometric data and piece list
information.

2.1 2. CAM: Computer aicdeu manutacturing

In contrast lo conventinnal production where
machines are operated manually accordiing to aork
plans and drawings, comp:ter controlled
manufacturing works with programs, functioning as
information carriers for job instructions and
control measures.

The prereding area of design determines the
methods for machining and assembling work-pieces or
piece parts. By translating instructions into a
form understandable to controllers of <pecific
machines, robots or conveyers, a continuous flow of
information from product developmert to
manufacturing ran be eqtablished.

NC-machines can be reqgarded as the first
ceonponents for the introduction of CAM-methonds,
beginning with puncned tapes for information
transf r. To attain more flexible methads of data
tranifer. CNC (computerized numerical controlled)
machines were developed, enahling the direct
trarsfer of machine programes and their variation
or rorrection at the machine.




A more advanced form ot machine organization, a
OHC {direct numerical controlled system). has a
number ot advantages when compared to conventional
MNC/CNC machines, but il also has disproportionate
requirements of tie contrel system and software. At
a DNC-solution several NU/CNC machines are directly
controlled by a central computer which manages
NC-programs and distributes them to single
machines. Frograrming and corrections can be
accomplished at thi, computer, as well as
instructions an. ~cquisition functions.

-

2.1.%. CAPP: (omputer aided prozess planning

CAPP can ke defined as the process of
determining the methnd<s and sequence of the
manufacturing operatisns necessary to produce a
finished part or component, according to desiagn
specifications and within the available
manufacturing facility. Process planning is usually
carried out by qualified and experienced process
pianners or machines. The cr:ation of a good
optimal process plan is laraely dependent on the
individuid skill of a planner and his aptitude for
the planning task, his knowledge of manufacturing
provesses, equipment, materials and methods which
are in particular available in his production
envirgnment .

NC-programs can be regarded as detailed
work-plans combined with instruction functions for
numerically controlled machine tools. Work plans
describe the transformation of work-pieces from raw
material to the final product. including
specitications such as manufacturing sequences,
cperating material and permitted times. As o
starting-point for the preparation of the work plan,
geometrical data from the design area are
supplemented with technological characteristics of
the work-piece. As a result, specific work plans
{in the case of conventional production) or comruter
programs (in the case of computer controlled
manufacturing} are developed, enahling a consictent
linking of CAD and CAM.

Z.1.4. CAQ: Computer aided quality

Mowadays, quality is a competitive factor and
ther2fcre decisive for the market position of an
enterprise. Quality insurance and maintenance can
be seen as an integrative part of the producticn
process, from inspection of materials via monitoring
of manufacturing to the final inspection of
products.

Quality insurance procedures become more and
more comput~r controlied, allowing rationai and
assignable associations of quality data to certain
products, as well as the determinalict of trends in
quality specification. In many cases monitoring and
analysis by means of measuring equipment such as
sensors or qgauging machines is carried out
automatically. Parallel to the hardware the
planning of monitoring processes can he also
optimized by means of computers, analoqous ‘o
manufacturing planning.

A number of methods have been developed in the
fields of statistics and operations research ror i.e
planning of quality insurance functions. In general
a tendency towards inteqration of quality insurance
into the manufacturing process can be observed (ior
example, it quality insurance consists of checkirg
weiqghts and capacities). [f computer aided
planning of measuring and testing is support. | bty

administrative issues. the tast program represents a
part of the work plan for production planning and
scheguling. Ffor the storaage of test programs.
separate systems can be used, or these plans can
form a separate cycle within the manutarturing work
plan.

£.1.5. CAP: Computer atded planning

The application of production planning and
scheduling _ystems (such as materials management or
calculat on) started when other (- techniques such
as CAD-CAM were still at the development stage.
Although they can be regarded as a classical field
tor electronic data processinag within an enterprise,
a nymber of obstacles still exist during the
implementation phase. The required complex
structure of the systems, as a consequence of demand
to cover the entire production process, frequently
necessitates company-specific solutions.

In general the concept of production planning
and scheduling systems is based on single planiing
stages succeeding one another with a temparal and
Togical termination supported by basic
data-management tools. These too!s supply material
and time management with master data, permitting the
working cu* of manufacturing plans as a basis for
the contral of the manufacturing process. ‘he
managment of parts lists and work schedules,
combined with {groups of) operating material, form
not only the basis for planning and control, but
also for the calculation of products.

2.2. Actual trends

Hithin a computer integrated system two
fundamental types must be defined, those where a new
development could be made on-line (using simulation,
automatic program generation and others) and those
where it could only be done off-line. A third
possibility could be one where the tasks needed for
new developments are planned and scheduled as any
other job. This means an "on-line off-line"
development. This normally decreases the
flexibility of the system, because although the
process is not stopped, the resource being
programmed has to be disconnected. for tne
system it resembles a total breakdown of this
resource.

2.2.1. Control levels

Industrial systems vary continuously and
therefore the dev~lopment and applicaticn of DYnamirc
Control Optimizatior mechanisms (DYCO), and not
static ones, will be necessary. These systems can
control on-line manufacturing sequences, paths and
duration of cycles, while previously determined
sequences can be corrected as manufacturing is in
progress. In addition, error detectiun and
correction is a necessary feature of the control
system.

Different control levels of a system may be
defined as follows:

(o} Electronic control: This is the level where
the direct control of the electronics is
realized. !t has no intelligence by itself,
but a high reaction velocity, meaning that as
murh as possible must be controlled at this
fevel. Normally this control is done by
vevices s'ch as PLCs. For example, in a robot
this ievel would control the mators and
input /rutnut signals.




th)

(c)

(e)

Hardware control: Based on > limited louic
and a group of control algorithms, the tirst
decision will take place at this level. The
most important teaturc of this level is te
realize a good filterinrg ot variables “n order
to let only that particular one pass which is
useful to the upper coatrol level. Normally
this control is done by dedicated controlilers
built inte earh machine.

For exampie. with a robot where the point and
way to reach it is known. the controller must
decide which movements have to be done by each
axis and introduce thi< to the necessary motor
_ignal.

Data transfer rontrol: This is the tirst
level where some intelligerce is needed and
also the rirst one afferted by production
planning and scheduling. At this l~vel there
is a areat deal of tlexibility in the system.
The function of tlie cortroller at this point
is to cuntrol resources. This me~ns. for
example. to load and unlcad proarams from
local memories, or ro follow the element=
being mnved arnd secure a correct transter of

infonrmation without colli<ion or time priolems.

fFor the controller the elements will no more
be robots ar trsensport systems or some other
specific device, but ‘hey must only be
resources or objocts with a4 determined aroup
of characteristics. This will nit define
hardware details but a set of programs that
can be done, the time needed to do th=m, how
much each coits, e MNormally micro- or
mini-computers can . found at this Tevel. An
example could be a micro-computer which
distributes programs from the central memory
unit to all the machines without collision,
or by requirement of the upper level showing
the <tate of eparh resource and each joh heing
dorn-.

Genera! control: This is the fundamental
level of the system where functions such as
the control of a consistent functioning of the
resources (each one must have what is needed),
dynamically resolve the fail problems that may
appear, realize the alternative analysis in
case nf a variation on the goal schedule and
control the commynication of a cell with the
"world". In order to secure the readiness of
all elements it will need to continye
functioning.

Most of the parts of the cell, surh as expert
systems, simulation modules, management
decision supports, etv., will be located at
this Jevel. This is also the level at whirh
all system functioning modes differing from
the automatic mode, such as the starting mode,
the degraded mode, the ending mode, the
debugqing mode, etc.., must be analysed and
"well done”.

A number of studies have shown the enormous
interdependence hetween system functioning and
the external world. Long-time suppliers
wishing to sell their products could wipe out
all the efficiency of an indystry, A large
stock is not a solution becacse its cost would
also extinguish the savings achieved by the
uce of arganizational changes and automation
technologies,

- b -

Perhaps the only solution in the future will
be to generate a higher level which intludes
relationships among the industrial
participants. The future will most probabiy
require a JIT-production and management sy<tem
which includes all parts and even raw material
suppliers linked tagether by a communication
network.

LSS
PR AN

Robots, transport and stock management

In a similar way as CHC/DNC machines are
controlled by computers, robots or transport and
inventory systems can be integrated into the
production process. In many instances the use of
robots within a CAM- system is limited to machine
loading/unloading or the repetition ot a rertain
sequence f operations (e.a. welding in the
automotive industrv). Solutions which utilize the
full tlexibility ot a robot, combined with sensor
applications, off-Yine programming and artificial
intelligence methods allowing the evecution of
var ‘able/new orders, are still only realized at
lahoratories or as prototypes at some large
factories oniy. Especially in the assembly sector
have sophisticated robot-systems have been
introd-iced, where products with many variants in
small batc es (but at the same time of a hiah
quality) are to be assembled automatically,

With regard to computer aided tiansportation
and stock management, some industrial appliratinng
have reached a high level of integration.
Combinations of automated transpcrt and inventary
systems can help to improve factory logistics,
directed at a reduction of transport and buffer
times. As a result, the flow time of orders can be
reduced a great deal.

2.2.3. FMS: Flexible manufacturing systems

Developments in the Nl-terhniques sector hava
been mainly concentrated on the machining (rutting)
sector, resulting in the introduction of flexible
manufacturing systems (FMS). This can be seen in
an early definition of Kearney and Trecker: "FMS
combines the existing technology of MC
manufacturing, automated material handling, and
computer hardware and software to create an
inteqgrated system for the automatic random
processing of palletized parts across various work
stations in the system".

Today. many researchers consider that FMS is
an approach to a particular set of manufacturing
probiems rather than a single technnlngiral
configuration. The Economic Commission for Europe
attempted to define it in 1986 as "an integrated
computer-controlled complex of NC machine tools,
automated material and tool-handling devices and
avtomated measuring and testing equipment that with
a minimum of manual intervention and short
(hange-over time can process any produrt belonqging
to certain specified families of products within
its stated capahility and to a predetermined
schedule”. This definition includes the human
element, although making clear tha tendency of
the international efforts to reach a quite
unmanned FMS.

Although the idea of FMS was created almost
20 years aga, it only started to be of signiticant
interest to the research community in the early
1980s. This ran bhe measured by tne number of
hooks and papers published and the ronferences
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data procescing methoeds to “trangter ' the
advantages ot ndustrial <rale production ‘o
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dictribyted storage ot work-in-process or *he
ditdicatities in predicting performance, althouoh,
Phe, st be oacalused separatel, and with ditterent
thapries and ma
drffa

antams hecanyce they nce a
ant time snib o bop the system analycis.

Unt:l ann practirally all the FMS nndels were
de.elaped for machining sy<ters, probabl, be-anse
the high nats ot <urh systems enable financial
suppnrt by fedustries. The same holds trus tor

most o the probtame o

seatsaated ) such oas mach e
pneg.

Al ot Lbich o appl, e larae indantrie andy

balare ing. eaareanate planning, resogrie aro
.-

~
I e tmpertant ta dittorentiate hetaoan P91
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The main comperont s ot g FHS ares

O mazbiiee toely or marhintog centres:

- Aatamat e tyansport and handling deciies
for tools and wark-pieres

- Measnring,manitoring sistems (intzarated or
an nepardate marhines)

fantra) rampater for autamatic rantral ot
All FMS-romponerts (CAMY | Tirted with
preceding arean FAD . TAP sia Incal Area
Metwark 1AMV,

SO Ty, o FHS

Soms af the micad important EMS Yypen are:

(ad Fleaable manogtacturineg colle: Seceral marhire
tant~ are intartintod and nperated aceording to
A tieed proceaa aoquence. A1 a timple verqine
A single oaenine tnnl 19 Vinked with an
tndusteial anhat te Taad and unload wart-piece-
from a tyanaport paller ta the machine tanl,

thy Flucible manafartarying yvtemy:  Thear qyntomn
alan con it of oyeral machine Yonls or
marhining contron with wottware capacities
whith allaow & variable ang aptieized teeding ot
workopiecng . Fauipped with a contral computer
and algorithme tor parte rdentitseation,
Antomat ic antoup, ot o a high degres of
tlecability can be atta aned anabling the
reanomic pradoct ion af amall Tt

v tle-tbhie transter line: Similar to
ronventiaral transter lines nparations are
accompliched at a "rigid” strect. accarding to
a fived sequence and applving special machines
at different warting places. [Different to
conventienal solytionc. at tiewvible trangter
Tines machinas are namerically rontrolled and

inred to a central compuyter.

J.0 3CL FAS: Flexible assembly systems

Assembly a5 a part ot the productine arocess
obtaing a central position in production i1 <hort
proressing times and low Tn-—preqess supplies are to

he realized at the same *time.

Terknical conditions tar obtainirg these aims<
can be provided by means ot fiexible assembly that
can be regarded as cne ot the main bettlerect o
the manutactnring process. By integrating fle.ible
assembly into this process. organizational
ronditions are provided by linking areas such as
remputer aided desian, preduction planninag, par's
manytactyring and quality cantral to the assembly
area.

The main reguirement for assembly, inciuding
transport of parts te and trom the system. fopding.
inspection, ete.. can he gutlined as follows.
Fle.ibiTity has to be inrreased in thase assenhly
areas whi apply specitic methods and terkaique-
tor the manafacture of different pradocte wnich are
teipated at the nltan-iag stage of *e plant.
titherwice an assemhl, rell bas gnly limited
tlesitality and can bhe used for a rertaie asanrt o

variants at 4 certain produs i oanty.

et

The rontranratiorn af as<emhly camponent o na
direct consequence oo the realization ot *hic
vriceiplie.  The technelony arientard <tation,
canrept . which may be found in the article "Tha
tachnelag, auprearh o flavible ansembiy”
nothia Mapstart o cepresent ane gassible

.

contiguratinon ot the assemb'y coamponents in g [5G

tpahiigha

LU AR mehods

In the middlie of the 1970« mar.v lapanense
companies hagan ta exparimert with, and adapt . a
whale range nf nrew manutactare manacement appre arhes
tdeveloped in the 1960 t the Tnyota company in
Tapani, tn improve overail prodartivity and
eliminate waste. Thio new approach was firet caqiled
the "Nhng System” on hoengr vo Tatichi Mag, e
nasterminded the Toyota system: . ar <imply the
‘Taynta Manutfacturing Syatem”,  In teying *n tind »
Thetter” name, the doa was mastly mispamerd . % am
nt these coamples are the "wanhan System' irefarring
foonne or the e alementa ot the wyntem that «at A

poall sehadyVing tecboique uaing

anbanst, meaaiag
“rontainer” an Japancael, "Jern Tuoentoried o
"Stavkiean Produstion” freferving to the stn

reduction, bhut a4 misnamer qince ng proceas L ran
Jithoat arpcky, “Wartd D lass Manutactore ing’ and
“Continuous Flaw Manufactaring” . Actually, the

rorvect torm which has berome most widely gond s
Vastoin=Time/Total fluality Control tterminnlagy, 'rom
.01 Schanberaer) .,

QS0 Total quatity contegt

During the first hall aof the fth contiry
customers expectad ta pay extra for quality,
tHoweve: in the competitive Yusiness ¢limate of the
Tate 10980« quality in nn longer an aption; it is a




nnsitiue regquirement aithort Which an nrganization
vannat servive, N deriding to embart apon
the "Total Ouality Road” will reap great roanards

<uch as improved prodecdinity :
croimproved rertainty in eperatinns,

ot *he decisive tacters *o achisve results swrhoas

commsttod cuastorers

Heavuer | o

Vhese s throungh a cosmitment by thoe management |

' Tata' quality mist ba
management -Ted ., ompany-wide in implementation.
dedicated to cortingeus improvement and the
respansibitity ot over, emplnyees.

ctarting irom the chairman,

The ew <0 . Te which has emaraged hasg t*hres
hasic teatures: tirst. Trustomer-griented”,
< Mot

in the

i.e. evervthing i< driven by customer n
tocancentrates on manaaing the Ypreocess

buniness, whirh doliver tn these customer needs
fanch as product Thipd, ¢
torases on the “peeple” whe wark o proces.,
inspiriog and smpoweriea them fe prodoacs oyt -hat ey

S, serviees ete b,

reaulta For thoiv customars.  Thus, iotal gquality
depends on *o!al araanization. It pelies on euory
individual passing an ta the nest sndividoal qualit,

parts. quality services and qualiry intormation.

Following *hese <tatements. compnter intearated
guatity - A0, as alrveady cuttined - fan serve as
tha technical pre-suppasition *a meet the
rpquirements nt toral quality. The integration o!
these two warvs ot approa-hing higher quals*, from
the tarhnical side ard trom the management side, can
hbe regarded as the bey tn a (IM-orientad quality

strateqgy.
TS0 Jast-inatime

The key philosophies of JIT are simpiilication
and contingal .mprovement. It is an approach for
the cost-affective production and delivery of only
the necessary quantity of parts, at the right time
and plare, at the right quality, while using a
minimum amount of facilities, equipment, materials
and human resources.

JIT is dependent nn the balance between the
supplier's flevibility and the user's flavibility,
[t is accomplished through the application of
olements which require tatal employee invol.ement
and teamwnrk .

Prot. C.A. Voss, in the preface of "Just-in-Time
Manutacture”, ranked the main henefit< of J[T in the
United Kingdom as: work-in-proress redustion,
intreased flesibility, raw materials/part vedurtion,
increased quaiity, incveased produrtivity, redured
space requirements and lower overheads.

He alsp arouped the mast important techniques
and approarhes associated with JIT into three main
areas: manufacturing terhniques,
production/material contval and inter-rempany T,
The fellowing points give a short description of
these main areis.

2.7.4.2.Y. Manufacturing techniques

ta) Set-up time redurtion: i ike Shingeo Shinan's
SMED system (single-minute evchange of die)
that introdures the rorcept of ecternal
(ntt-1ine) spt-up times in order to redure the
internal (on-line) set-up times.

(b1 Kanban or pull srheduling: By ihe Kanban
system the preceding production staanes generate
new manufacturing ordere, just when its stock

at tiniabed pradiets Bas ocome doae ey satet,
Stoes o quantity. T opratioe | by meang st
apecial transport karkanoonntarmers oo .
ne materiar 1. oreantoed tar o opradaterr
amonnt of oree s parts. Therabhy warh -t s

carries his oréer—card. shoatoag a apec s
narts qgquantity.
planning pracoss ran be meall
the las! produrtier stage determines the
turtter tsortion” ot prod
manutaciuring. The stroeseto b antped g b inn ot
ranban is closely (ornected with tun

reauivraments to producting s bigh

B. hardiog o.er thig gt the

oL Pnodbic LAy

cte inte

produaction quantities and bigb oguativy
standards.

Othar principies alss assor tated Ltk petl

schadaling oo lude the ot the e e

Phoo Tpras.octa,

SRR

the smallest passibhle macha

matntpnan: ot the —nte

TApAt eae oy

.

consiiting ot fapipreoed

nroont-migtate,
qurh o as 3

mictabec and detarti | the

e cherbiizt | te pravent aramver

antamates sbappenos
ot the produrtior equipment chen abeermalt

renditfans are suspacted oo e ot

v fellylar manutacteringr inclyetea groo

terhnoleoay.,

Froduction. material contro:

ra)  JIT-MRP: MRP (materials requirevents placeing
and JIT can, with some chanaes, miteall,
support earh other.

iy OPT ‘optimized pradurtior tochnology!: A
scheduling technique geveloped in Israei to
alltow JIT produstion in an environmert
characterized by cemple-ity and bnoan
bottlenecks.

(¢} Schedule balance and smoothina: wusing
techniques such as "under capacity seheduling™.
"visible production coantral” eor "load-criented
release of orders” (based aon the principle that
only a certain amount of tha<e arfrs are
released which can be manufartured within a
certain period. As a result a move
"anticipating” release or orders ran bhe
a'tained, preventing an overload of
manutarturing with subsequent hioh inventory
and proressina/machining time<s?!.

td)  Simultaneous material and time manaagemen®: At
traditional produrtion planning and scheduliog
systems, material and time managemert are nob
sufficiently ~onnertad. A5 a charaiteristic o.
the simultaneons method, critical orders are
released tirst by torward-terminatian,
a hinher priority in relation tn aother ardors,
Afterwards noo-critical arders are adjusted to
fixed terms by means of backward termication.
As a result, the entire arder system rar be
raduced to manutacturing orders, probably
increasing already existing bottlerscks ang
orders to be allocated to non-rritical
caparities.

ettt ieg

D200 Inter—company JIV

ta) JIT-purchasing: application of the 101
principle an an inter. company basin, requiring
that qoods are supplied in amall quantities,
exact amounts, at frequent intervals and at
100 per cont quality, The techniques utilized




barten

cntemy et b b s DRI TS AR PNTRY
K~“'>xy ey ook 33 compeess o e sper, b Paves Tt
Frapenat caprantg o0 eul rapas P e B

b aealtled re npder v sha pntie

can he reaqarded o 3

Capsimiee and ip

plarnsiog,
alan tha apergrian ot oo ap
Tanta . TP S 5noapprepriatae
smpareat a5t ine :

bopef

transpnrt madthingdg o

AT Tasn dhe qprant vzt foe daterm

the

the plan

stragctore ot
Ditterent Lariants
Si:hrequent

ohiec 1. aq doepeading nn
and the cystem-parameters,

be contrasted ard alaluated.
the

v al]
th the
symyTatian alan

detinitron ot “ystam qtpys

re
crpporte the Tecation nf masimgm operation levsls

Pavont b *he plant

and the apt rmai roant Svntem,

retyade are montly ymad At oA meana
Bt thae, w1l

intoaprat.d mora interai ol

Simolatior

ot Tayout p‘ln:”ﬂﬂ ATAR RS haveo *n he

tntn the wn’ire
plaraing praocs.a an an addition *n
produrtion planning and rhadelierg systens.  Sg an
ety tha implatian ot

Ao eap! v

prodiact ion

dittarent orders canid at

St shen whan and shere bettlensei o man

et oand ane f\pfvm,]I antation cold he tanpd T,

campeter —qappeyted

e b iaaling of dit ferant

sariant o oot erders and marhines without anterrapt ing
the real proaduction proress.,
SR Analytival and ovalyative modeln

Traditiognal sateh manutacturing o, 2tems were
ot bocausae of the olp.atad

work-in-pracess CWIPY and boraune the joby pent

toed Tevale of

"warting tar oometihing to happen o

Thete two elements dapand

tima
(Wi S-Tiras,
stronalby an Toaicties and planning and <chednling
(PN and and

mnnt ot the
Fhom!
alewo an the hardeare tte Taynngt

were mare in

the

Same very intaresting adsanser

nvder to rodiee the WIS Yime oy nvample in

andevatandcog ot Yhe
“MEN o

marhontag area a hettey
svternal et an timey fnen

the CAD AN canpling,

anid
YORF Y oy

intornal
[SATINY

In the qame werve arhioced way Pechnigue ok
an M m
cimulat ion
Wi

he new poccsabilitve opened by

prongrames o oot oway ot rodoe tneg the

teunlt-

Theae new *echniquen provated develrpment-, of
flesiblo manufoartaring wyatemn (FHY) madel . uainn
[or performance e
rvaluation and pragramming and contial thenry for
the development af ',r'\.-d'vilnr; and opera*irg
procedoy e,

nperational resoarch theapio,

Simatatine models e al great valae an

wvaluating wpecific wyntemy designa, bat analytical

S gmaaet

eome L ae
TLotdoesied
Fe tirete Sap G mtem e, e b
[ ctogbgtrgetire fpam fha poalt g qboae b

e mode o aedar e (ot e e o pe a1
O OO LT g Caead
Lol gy g el ey

Letop.

hile hmeon e

Lean il der s pronhiem
e o B S e -
S e, Piadpitibad < bapa
o yrtiran e piney Tha, Y300 haoa gaa b
wider TR 3, Mhe omeanieg o
aeothe atae of by nege Tent e et
The analytical made’ cat avso he rcard oo
datarmicrs has the averall prodostian capas b, at b
Senoom o3y aftarted by the pradye camde | b cgmhag
ard capabiTity 5t resnorees ko ol St

raltletq, marhine brugtinang, o LT
mates rie wodale very aseful ab

stage when 1t o desirable tpodeterming the

rhe preiimioar,
deaygn
man the

teatursg nt sysbem,

Seme rt the matn madels uysad te coaloste FMC

pertprman: o are:
Foteanihatis

- Sta*ie alloration madelc

antd s1zinag studies:

- Queusing netwnrt medels for 1nteracts
preliminary decision de ot
operat ton

values fpr

probiems:

bhased driserate pvent—mimylas
detailed dacicion va!

destagn and qpcrn‘.i:\r'. prob’»""";:

r .
- Lomputer
tor more

- Perturbation
effiiient and
and operatira;

analysis

tor $ine-tgninag
reyl.tima Lol

ves tar des

Patri rnate for daginn,

real-time

- Eetended
modellirg and
system

nperating,
rantral of sh,

S Future develapment -

S T Machining sectp

The machining <pctor 1o the moat ad oarsod
area within enterprices, bt b g
ane hand tn A
m:‘,l';,,(j. arindinegy and an Yhe by

Vimibaed ne thy
fea manuiartaring terhealngieon canch
an turnineg,
hand, 0 man ase g,
CADLCCAM hag nat trgl,
the andeclying reaon 0 4
among CAD-wyatema . (H—marhine
co-ardinate measaring machine.,,

to A4 mere NC o progeamming
o1yl ted 14,
Tack of

tandq

promiae and
cammoanie b
ard

PIRARE
rortainly commonicatian bebween TANC, S bame
U -machine toolq, thie
and thers io virtuyally no cammunication an,ubee.

olan,

b oo

commanicat van v Timat,d

Future developments in the marhining et
#11 not tocun an machine tanle oniy . bt
the commanication aide, Listuriang and tnnl
monitoring, the D meaguraing ool

]
A0 nn

integration ol and
the application of knowledge-hased « - tom,.  The
rommantcation side will be divonsqed 1n
rhaptor,

annthey




23011, Fixtuyring

Mumerical control of machining paths do not
account tor the position of the part on the machine
tool. This means that the part must be “"locked" in
a specific position by the fixture unique to the
part. To meet these requirements, product-sperific
fixtures have to be desiuned and manufactured
parallel to the products to be clamped and
organized as specific tonis ot the machine.
Fixturing has to be integrated with
tool-management, with similtar monitoring and
identification devices. The development of
"fistyring-standards” for werk-piece families could
help reduce the high expense combined with
"(IM-priented fixturina”.

7.2.1.2. Machine tool managment

Critical to unmanned machining is tool
management . Unmanned machine tools require a
considerable number of monitoring systems in order
to operate effectively. This is the case in areas
surh as tnol wear monitoring, identification of
tools, setting tool offsets. error rorrertion
caused by thermal drift. etc. Some form of sensor
has to be included in the system. whatever the
monitored function requirements will be.

As one answer to some of these requirements. a
so~called "intelligent” tooling approach has been
introduced by the application of microchip memories
fas a read/write facility) embedded in the tool
holder. The organizational integration as well as
the full utilization of the advantages of this
approack for an optimal ‘ool management has not yet
heen optimally realized.

o

7.3.1.3. Monitoring, sensing and controlling

Adaptive control is another field of interest
ralated to unmanned machine tool systems. [t
describes the in-procass adjustments of operating
parameters, such as spindle speed, or more usually,
teed rate based on the actual process
characteristics. Two main adaptive control systems
ran he distinguished adaptive control optimization
and adaptive control constraint. There are some
advantages in the second. the so-called "tongue
controlied” system which makes a feed-back loop
where continuous monitoring by sensors and updating
of the (NC using adaptive control produces optimal
cutting conditions for the combination af the tool
work-pipce.

Far any unmannad machining operation it will
he seqential to provide an in-process tonl breakage
<ensing system. Tool breakage detection using the
aroustic emisgine prin.ipla while applying the
direct piesoelectric affect is now emerning as 2
reliable method.

It i< all very well to have a sophisticated
cutting tool monitoring system, but some cave has to
be taken over work-piece identification, set-up And
gauging. Durina machining time there are a number
of ways in which the part<' quality can be assessed
such as in-process qauging (mainly used in grinding
applirations) or in~cycle qavaing (on turning and
marhining centros within FMS). One methed used to
overcome orrors in the machine tool by way of
rompensation, is to use the <o-called "fontprint"
method of part inspection. Another method, which i<
<till controversial, i< the "deterministic metrology
technique", which predicts and corrects for errors,
hased on trying to antiripate machining errors in a

real-time situation and thereby rorrocting them,
This technique is still confined to the laboratory
but will have a considerable impact on work
measurement and its control.

Apart trom al! the diagnostic sensing devires
used to monitor a machine tool, there are a variety
of other sensors to maintain a statys quo of
consistent part quality. For evample, thermal
sensing is used to compensate "machire arowth” ransed
by heat in motors and bearings. It is possible to
close-the-ioop by feeding these errors into the
machine tool. allowing for mare cansisten® part
quality.

Monitoring systems such as those outlined, cost
a considerable amount of money and are ar indirect
production cost, but they are necessary hecduse ot
the lack ot human involvement in the machininn cyclae,
in order to achieve high quality products ard as a
step in the direction of "rern defact quatity”.

3

2.%.7. IR, assembly and sensor technology

2.2.2.1. Industrial robots

The International Orasnization far
Standardization proposed the fallowing definition:
The industrial rohot (IR} is an automatic
position-controiled, reprogrammable, muiti-functional
manipulator with several degrees of freedom and
capable of handling materials, parts, taols or
specialized devires through variable proarammed
motions for the perfarmanre of a variety of tasks.
It ofter has the appearance of one or several arms
ending in a wrist. [ts rontrol unit uses a
memorizing device and sometimes [t can use sensing
and adaptation appliances that take account of
anvironment and circumstances. These multi-purpose
machines are generally designed to carry out
repetitive functions and can be adapted to cther
functions without permanent alteration of the
equipment .

Industrial robots were originally developed for
handling and process applicaticr. The control
principles used were pure positional or path control
from taught or pre-programmed action patterns. This
concept has dominated until today.

2.3.2.2. Assembly proress

The final result of an assemhly proress depends
on the quality of the parts to be assembled and of
the correct performance af all operations. fvery
part must be gripped, transpe-r.d, fed. inserted and
joined so that the final result fulfils a atven
function within its toleranres. It is of great
importance that the parte are positioned ir the
gripper within given permissible toleranres to permit
the consecutive sub-operations to be corrertly
performed. Even if parts to be assembled have the
correct quality, an unfavourable turn-out of the
dimensions may make the fitting impossible or aive a
faulty result.

7.3.2.2. The IR in the assembly process

A robot work ctation with magazines, fivturing
tools and work-pieces is not allaowed to vary outside
given tolerances. These are given by, for example,
fixtures, i.e. magazines designed to each speritic
work-piere, nr tools and work-pieces which have to be
manufactured with close tolerances to avoid
uncertainty of part positions. Unexpected states
during program execution are not allowed at atl.




Robot- have a limited povitinnal repeatability
and could be atfected by wear resalting in dritt.
The <ame thing holds true for other <ystem
companents.  Thus there 1s a need tor supervicion
the dilferent <tages 0! the process by means ot
wensar 0nv'hno|m1|é': .

at

SO0 Tactile sensing

Optimm ~ensor compliance 15 a severe problem
in tactory tloor applications of tactile sensnr
Aarrays.  The human stin ha< the ability Yo adapt its
rompliance when grasping an eaq as well ax to that
ot a britk. Ic mimic this remarkable property in a
tartile sensor implieos hiagh complesity as well as
hiah cost.  In industrial applirations, different
tartile sensnr arrays have to be used with ditferent
deqrees ot compliance teor ditterent tasts, i.e. ane
type for the equ. another type tar the brick.

for a future evtensinon of the ranane of
appliration, tactile <en<ing should be combined with
other senses - vision and also provimity sensing -
thothe tunction ot a4 sensar—controlled adaptive
tobnt i tn bhe optimiced.  The sennor units munt
casily and rapidly interchanugeable. The combination
af several senses fsensars), results in synargetio
ctfects when compared o the ase of a single sense,
even it the lTatter nt the outmnst sophistication
Wovician .

he

te. g,

Many labnratories workina in the tield of
awsemhly automation are today enagaged in the
development and application of sensor technology.
In wpite 0! ‘hic epgigement only 3 tew sensor-haned
solutions (single sensina) such as vision-systems
are appliad for practical use in industry. As a
main obstacle to a broader application of
sensor-technoloaies, the Tack af communication
suppart as well as skitabie/standardired sensor
totertaces to robot controllers and users should be
ment 1oned.

Future developments in this area should
concentrate on:

- The improvement of robot rontral systems
concerning sensor signal processing;

- The improvement of
of sensors and

inteqration capahilities
robots;

- The developmant nf tack_nriented strateqgies
for evaluating sensar signals for <ystems
programming and process-quidance.

The integration of <enqor-quided ancembly with
industrial robote into o4 f [IMoenvironment atill
very far trom realization. [t will tabte a couple n!
years to reach standard wolution<, whirh permit the
intioduction of strartures at the asaembly aren at g
cimilar Tevel ta that alveady arhieved in the
machining sector,

[Kd

PART

X GOF TWARE DEVELOPMENTS:  PAST, PRESENT AND FUTURS

The optimal selection of <oftware element. for
An industry inoa technicol prerequisite for the
aaceesylul dmplementat ion of integrated antomation,
[t ic sometimes evea more impartant than the

installation of powerful bardware.

Like most of the CIM related technologies and
tools, a snftwar~ solution requires a prior complex
analysis of the industry. Omitting this step will

result in the incorporaticn of evisting
organizational deticiencies into the softtware
sglution to be elaborated Fvpensive trials on the
shop tloor can be minimized by tabing tull advantaye
vt the opportunities ot made!ling.

The <elected software must be rapable nt
nperating under both reqular manufacturing
conditions ane adapting to emergencies. The syrress
ot integrated automation depends on the clearly
defined hierarchical rlassitication ot
responsibilities and tasks in the managemen?
protess. The tasks should not bhe adjusted to the
evisting management <tew ture. byt vice versa, the
manaaement <7 rurture should be adapted o the tack- .

.1, Flexibility and sottware

I[n the last few years it has heen pasy tn ,ee a
reduction in lot—<izes, an increase in the
complexity of the required manutacturing terhniques
and at the same time in the number ot product
variants and the need for a tast reaction ta market
changes. A1l these changes could be sumrari sd by
saying that production beaan to be more and more
flavible.

The concept or flexibility is usualiy
associated with the caparity nf a praduction <y-tem
te "corvertly and quickly' adapt to alternative
renstellations.  Two types of flecibility, may be
distinguished. dynamir flecibiisty  which
principally determines the torm "quickly", and
static flevibility, mainly responsible far the term
"rorrertly” . A production system can adapt st-elt
to several product vartaints by means o' the control
systen.  The greater the number ot difterent
variants, the greater will he the (hanin to
system to achieve economic solutions tor
products. Thuys flexibility can be regarded ac a
dimension of different variants co-existing in a
production system.

the

P

According to the tenets of rontrol theory, the
comploxity of a system, and thus the time necessary
for the computatiun ot a new solution, increases
exponentially with the number of alternative<. This
means that the conplexity ot a software struyctyre,
used to achieve the dynamic optimal solution,
increases oxponentially with flesibility. Althounh
most of the systems may actually be guided to a
dynamic optimal solutinn with traditinnal methad-
tas system flovihility inrroases), coftware contrnl
“trauctures hecome more and more the key tn the
optimal functioning of tha systom.

P,

Fhe "Standard CIM 50! tware”

A oatatic prablem in the production <yitem doe,
not When increasing produ tivity by “olving
a problem, the strurture nf the factory change: at
the came time and w0 a new system has to be
analysed. This means there 15 no solutinn that
allows the reaching nt a higher productivity leusl
without At the same time being contronted with 4 new
problem to be resolved.

pernt,

A static industry is a dead industry, therefore
the only selution is a continuous search for new
solntinns.  There is no surh thing a, an
"off-the-shalf" coftware package unless there 14 a
standard factory, because thisn does not exist.

There i< nn sense hy trying to tind a standard
software package for CIM. With enough money a
special development adapted for a factory ¢ould he
made and it will he an optimal solutinn until it is




installed, because for that moment the <trurture
will change and <o al<c will the need *o chanae the
softtware pachage.

The problem will always be the same: to
operate a flexible production system that reacts
dynamically to the market requirements. a flecihle
software pa.kage and not a static one is necessary.
Ryt what does it mean tn have A dynamic. flevible
software system? [t means that the system will only
be a decisions support. only a tool whereby one may
find the answer to questions faster or increase the
working speed in some special area of the industry.
These two possibilities are given by decision
suppert systems for the first and specially
developed software tools for the secend.

.. Software tools

[t is not within the scope of this paper to
make a survey of soltware developments for
industrial antomation. Only a survey of the areas
where software tools cnuld be applicable will be
aiven (based mostly on the document of the Economic
tommission tor Europe: "Software tor Industria?
Automation”).

1.2.1. NC tools

The numerical contrnl (NC) programs prepared
manually in production planning are very rarely used
nowadays. Considerable importance, especially with
respect to unattended manufacture. is bheing given tr
the computer-aided NC-program generation.

The ma
(CNC) are.

v areas of software for computerized-NC

- Function data bases that permits a geomevric
information processing for an easy use of
complex work processes (e.g. given only two
points and the ratio, generating the
rorresponding circle sector):

- User interface software that could guide the
operator in the conversational mode using
windows and menuing techniques or symbolic
programming and alss a graphic support as a
help in understanding the work:

- The service software for support of
diagnosis and maintenance of data
input/output rontral;

- The adaptative control software for
controlling the influence of rontinuously
varying process parameters (e.q. temperature
and forces) and also for tasks such as
prediction of tonl failuyre.

The development of Direct MNC (DNC) was
initiated to make possible the rontrol of machine
tools trom a central computer using the time
sharing capacity of diaital computers. The most
important eslement of the DNC software is the data
transter. This transfer could take place between
the computer, the Mi-machine, the programming devire
and other different funrtional romplexes of the
system,

Future dovelopments in this field will enable a
hetter ntilization of the (AD/CAM systems for
HC-marhines, a better interrelationship between the
N -machine and the entire praduction "y an on-line
rommunication and the inteqration of
process-accompanying monitoring systems.

The nevt step in this develnpment is to have
aroups of N_ machines acting as one optimiced
flavible machine and controlled as a swingle unit,
Y. 3.2 IR tools

From the given definition nne of the mast
important areas for software applicat.on by *he [R
is the programming of the device. Frogramming rniid
be dune manually with the help of mechaniral stops
or hard-wired control, or it could be done with *he
help of micropro_essor based systems.

Using microprocessor based cctrollers,
programming ould be done in the form ot teach-in
programming ~here the user moves the IF to the
successive wanted pesitions which the system
memorize. or it could be done by a classical
programming method simitar to that used by
general-purpose computers. For this kind of
rtassical programming several languages have been
developed (almost every robot manuiartyrer has one
with some adaptation of existing lanauaues ’e.u.
Pascal or ). Some of those already e«isting are
also used (e.qg. assembler langrages).

The actual
are basically:

trends in IR-application software

-~ Rational program generation through the
utitization of high-caparity computer
techniques:

~ Reduction of unproductive idle time of the
IR;

- Integration intn CAD/CAM system,;
- Automatic program yeneration;

- Self-optimizing IR with the help of sensors
(e.g. vision systems).

Special problem—oriented programming languages
are designed to minimize the demands of programming
using high-level commands or marros, similar to
those normally used by a man during assembly, and a*
the same time to retain all the powerful properties
of high-level languages. Diflterent approaches are
based on operator/system dialogue with a special
operator panel and it can be supplemented by a
camera and screen for object identification. This
kind of language requires further development in
fields such as environment de<cription mndelling or
decision-making methods.

The current highest level on rohot programming
is represented by off-line programming lanqguages.
They may he seen as the task of technological
planners using techniques for the desrription of
manufacturing systems. The aim of these
developments is to transfer the programming
activities to the technolongical planner and ensure
that the programs thus developed can run in the
produrtion process with minimal changes. Graphir
simulation when used with a mathematical description
of the robot environment and the kinematir of the
involved elements, is a tool which can be applied
effectively to prevent rollisions.

31.3.3. Material handling and transportation tools

This field includes automati: quided vehicles
(AGV), automated <torage systems and inteqrated
storage and inventory rontronl. ihe main concept
those kinds of tools are:

for




- To collert and maintasn intormation on the

material flow:

_ T ancmer questinns on the loecatioe
quant *ty or
fartery

<tatas ot the materials in the

To taleulate and optimize the material

rout yog.
The objecti.e 0! <uch systems i< mainty, to
pertorm a <ervice tor other sottware pastages and
‘ranstorm planred material movements at the model
Tave ] tnta matertal movement<s at the real world.

ALt 93D rools

Fwo dimensional CAD cystems permit the (reation
et drawinruas ot both primitive and paramatric objects
ustng broken lines. points. circles and ellipses.
Frovision can be made to include special attributes
velated vo the abjects. With these systems - is
pos.ibla to <olve plane geometric tasks, work with
toste with Tibravies. carry agt archiving and
transtormations <ch

The world trend i< towards systems using UMIX
as a base. because 1t permits simultaneous
interactive ocecvtinn of estensive taskts and also
towards three-dimensional systems which permit the
everution ot ralculations and plotting tasks as well
as automation of plane and special geometric tasks
by means ot the volume-elements method.

An important component of (CAD software is to
harndle data base management. In thic regard, many
romplex soltware systams are being developed on the
basis of the user's aown CAD software. Such systems
tend to be specialized tor certain produrt areas.
The systems have the advantage of beina compact. but
the disadvantage of incompatibility and narrow
specialization.

Actually, the main etforts are being done in
makir three-dimensional systems faster and cheaper,
with special regards to the required hardware.
1.3.5. (AM tools

The CAM systems use construction and
technoloaical data to produce order-independent
nanutacturing doruments. Froduction organization
data are alsn elaborated on the basis of
construction and terhnoloairal requirements to
provide order forms on the due date, specifications
an material and manufacturing equipment at the
proper time, as well as other documents required for
the planning and dispoasit on of parts.

The current development sffrrts are directed
towards improving:

-~ The adaptability of (AM software to various
computer and user environments:

- The capacrity nt software for the handling of
operating data; and

- [The structure and generation of centralized
and distributed data base systems.

In the last few years, the interaction hetween
(Al and (AM soltware received a 1ot of attention and
there are a Iot of products on the market whirh
permit the direct generation of machine programs
waing design data. This kind of transducer i<

as <hift, rotation and attinity.

v

marmally called a post-processor and 7t alzo alloes
the use of mechaniral simuylation modu? < on the 2D
spectfrc hardware.
Aokl TAFE tools

There are two matn approaches to the antomatinn
ot process planning, the variant and the
generative. The variant approach can be detined as
the preparation of the process plan through tho
manipulation ot a standard plan cr a similar part of
the plan. On the other hand, the generative
approach i< the logical creation ot a process plan
trom intormatian (rules) available in a
manufacturing data base with ITittle or no
intervention hy a planner. They require the use of
a set of inferred and/or heuristic rules which, when
applied on a factual data base. enable the solvinag
of problems (expert knowledge <.stems). A
comtination of the generative and variant approaches
may al<o be found.

The application of CAFF software can be divided
into three principal areas:

- FProduction-process design, working either an
the basis of type or group technology or on
the principie of multi-level synthesis from
elementary standard elements of
technological processes.

- Programming of MN{-machines using special
languages for the technological
rationalization ot the production process
with graphics to speed up the work and for
s‘mulation purposes.

- Automated design and technological
preparation of the produrtion of <pecial
manufacturing facilities, where praccically
all types of tools are designed by computer.

3.3.7. Data base managing tools

(IM is a concept that relies o~ 2 common
manufacturing data base for production planners and
schedulers, shop-floor workers, accountants. etc..
and a clearly structured information system that
effectively Tinks all main functions of the factory,
i.e. engineering design, manufacturing planning and
cantrol, and factory automation.

The data base is a rentral element within a (IM
system. Different types of data (geometric.
technological, organizational. etc.) used by
difterent modules %o solve given problems must be
systematically classitied and controlled.

The data base software controls lona-term
recording, management and handling (local and
remonte) of all data. Data transfer betwren the
functional modules of the system i< performed via
the system interfaces. The result is the logir
interlinking of communication modules and data
files. These system interfaces are of particular
importance for integration measures.

The actual trends are concentrated into the
refational and object-oriented approach to data base
manaqgement .

1.3.8. (AP tools
The traditional CAP method is to always

calrulate a goal schedule. This goal schedule is
normally of high romplexity and usually arrives at




cub—optimal sglutianc requiring an ennrmons
romputaticrnal eftort . This Lind ot method produres
an inherent 1imitation in industry, meaning that the
gral schedule w311 anly be recaleulated it the
variation 1< very bhin

Therefore the traditiena' <ystem normally wnrks<
at an "adapted” iinterior) ievel nt g suh-pptimal
v of new FPAS

welutinn: thio <hows the negeaat
stractures,

Two types ot schaduliing may be detired lona
time schedulirg (LTS and <kart *ime <cheduling
(SIS,

Long time scheduling:  This kind nf schednlirg
i< usually based on the requived work which the
industry i< aware of. This comes from the
bateh-ztyle system< whern the produrer fives the
minimum time betnre an order must bhe salirited oy
else he wnrte an stk

v
]
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There are a Iot ot ditterent prodoction
planning systems that mare ar less allow an TS,
But one ot the rhanges TIM must introduce is to
drastically reduce the time periods involved. the
imit of 175 must be redured from years and months,
tn weeks and daye.

Short time scheduling:  This is the level whaere
A fast reastion i« needed when internal nr external
variables rhange or when even the model parameters
chasge.  Tha only way to roach the solution quirkly
i< nnat to gse all af the avistinng infurmation in a
rentrali-ed way. because the computational efforts
will not suffice. [n mast cases the information
that can he taken rare nf locally is very limited
heranse it is oot easy to find out how it affects
nthar areas. A passible <pluting could be the use
! eepert systems, Those allow a rapid search ot an
intarmation structure and permit the digstinction
hetnean Tgndamantal varsables =hat myc? he sent for
A coantral analysis from thnse whose intlnenmie may be
analysed usina Toral heuristic knowledae in order to
<ond an abstrarted variahle anly tn the sentral
rantrel . The evpert <ystems alsu enable the eariy
detection ot tailure rauses tfor example finding a
dearaded rabat function, based on the power
ransumption of a motar), whirh enable a redurtion
in the number nf errnre tending to the ideal :ern
quality rontrol.

An intraductory idea to an STS system could be
tound in the article "The terhnnlogy oriented
apprnach to flevihle assemblv” (published in thix
Monitor).

b Artitacial intelligence

Artificrial intel igence may be defined a~ the
<tudy of romputer techniques o supplement the
intellertual rapabilities nf humans in order to
realize a more atfective use of digital computers
through improved programminag methods. The tollowing
may aleo be said to relate of Al use: the ability
nl any marhine or routine to learn and improve its
portormanie ac a result of the repetitive axe ution
0l 4 given artivity or search for <nlutions L) a
qiven sot nf problem~.

"onventional data pracessing techniques and Al
techniques ace complementary in the manufacturing
firnld and they address different clasens of
prohlems.  MNowadays it 14 known that any artual or
futnre manufarturing facility would collapse without

a bigh degres at support from carventinnal dara
processica. Fossthly in & few vears the <ame will
be valid tor Al techniquex.

The initial purpese of develnping a wniversal
mochgnism and thegries of inteliigence ftor problee
salying has bean postponed. at Yeait temporarsly e
tavour ot systems that functine in narrnaly detined
Arsac with very rostricted tastk pecitic beamiedge

As hnowledge processing develops, artitic:al
intelligente may be ot help in a.erinming snme ~t
the ditticulties encountered in the nraanizat ura’
area. by building =anaaerial dericinn <appnrt
systems (BSS). Therefore the bacis Frocesees
to be understood and rapahilities and canreptinn.
havs to be evaluated.

La

Many ronsultants today are being nned an a-
exryse tar not taking the responsibility in
dervision-making. There is a danger Ehat zutorated
system< conld be used in the same .ay it the ynie n
support of the DS3 is not well understond.  Tabira
the part f an expert in autematian-a dac
consultacions, they can anly as<ist and aduise the
user in prohiem solving.

3.5, Expert systems

Protessor F. Feiuenbanm. a pioneer o #he A7

field, defines an erpert syntems o a0 Snbtel’oqens
romputer program that uses bncwlaedae and interss .
procedures to solue prablems *har are (@i e

enruagh to require <igniticant boman o.pe: ‘ag

their solution. A\ espert <,3%em (15 bans 470,
consists of:

- A krowiedae base ar knowlodae sporie o

domain farts and heurictios annesiaton o0}
the problem:

- An dpference procedurs or cantral cepeetore
tor utilizing the knowledae ha<e n ol g

the problem: and

- & working memory or global data hase tar
beeping trark of (.o problem status. the
input data for the particular problem and
the relevant history nf what has hecn dore.

Fvpert systems arn designed for autnmated
problem solving in sperial applirations where the
applied “nowledae of experts in a apecific fisld ©o
transferred to computing svatems. Also, w.per?
systems in the torm of DSS, would free human ecper'<
from their routine jobs and allow them to
cancentrate an the more difticult onas, while at the
same time evpanding their e-partise.  They (aqld
alco provide the possibility of pre-erving the
Fnow-haw of a human expart . making it available a*
all times.

Based nn the fart that knowledae arquinitinn
very ditficult, time—consuming and expensive, the
main efforts are direrted towards the <tudy and
development of various methoads toar knowledas
arquisition, ineluding indurtion by abaersatinon or
analogy, discovery by constrartion and the reading
of text from hiahly specialised conrces nof
knowledae.

In the industrial sector, £5 for diaanosis hasr
emerged as the most common area nf application.
Procnss contral, CAD and (AM romprine a siqnificant
percentane of industrial applicatinns,




While <ome 'ommercial €5 nffer real-time
capabilities. the Al community in general lacks
experience with <ensor interfacing. data
interpretation, real-time control and other
manufartu-ing specitic areas. For real-time ES with
a large number nf ruless, current processing speeds
may alsa be tor <low. Ar approach to reducing the
model complexitv and remputational time can be found
in the article “The technolnay appreach to flevikle
assemb),; " (publiched in this Manitor).

2.6 Decision suppart systems

The <equenrinu.schedguling problem can be solved
by .eavching the mathematical space of possible
solo®ions in the fartory, and only when the search
spare 's larae enoud does a decision support s,stem
hecamee impnrtant.

An automatic cantrel is not alwavs the most
aptimal . Autamatic contral always has boundary
cnmlitions | givinag itoa certain rigidity.  for
veample, Vet o< suppose that an industry receives an
oepress order ahich exrceds *he disposable

resonrees . [t 2 passihla that the sy<tem ix
werking I ard <0 does not have the possibility ot
inctuding anather arder in a new schednie.  Ruot it

is alse posaible that <ome tartor (i_e. sconomiv eor
strategic) makes it (onvenient for the industry to
pav the penalities for tinishing other works later
in arder to schedule the new. more profitable,
svpress arder.  In conjunction with the management,
the “frontiers of autcomatic decision’ must he
determined, i.e. identifying thase boundary
vonditions whith coanld be changed automatically and
thnse which have tn be ashed for. The detinition of
prinvity levels tor jab rcharacteristicrs would be
sory helpful.

A user-triendly environment is reressary to
qise the management an easy comparison of
alternative possibilities and alse give them an easy
change at all the parameters that they may rhange,
This allewanre established by the system manager
permits a hierarrhical structure of derisions.

In arder *o allow a correct analysis of the
individyal passibilities of the system. it would be
helptul to have a simulation module to make an
aralysis af the utilization of resource
possibilitien as well as their econamics.

[nterdisciplinary work to try to combine
evisting techniques in a navel way and, if needed,
to develop nea anes, 15 a4 necessary prevequisite tor
A arad D5

An introdyction ta this principle ran be found
in the article “"The technology approach to flesible
ansembly” fpublished 10 this Monitor).

PART 4
1. Communication

Fach time digital control for a machine ar
process is installed, a sno-ralled "automation
island” i« rreated. During normal operations, the
control systems of an industry have to recpive a lot
of digitized information (<tarting from the level of
sencars up tn the ool nf complete data sheets).
Thiv data flow must be multi-directional, providing
the whole tompany (fram the seninr management
through the department -, nf sales and distribytion,
handling, warehousing, material purchasing, product
design and develnpment . and <o on down to the

machine operator on the shop floor}, with the
nacessary information and all neoded parts. to-ls
and materiais, at the appropriate place and at the
appropriate time.

4.1, Computer Esperanto

The first approach to a CIM oriented
conmunication systems is intended to normalize
factory data communications so that informatien can
be networked rapidly and reliably within a shoo
floor environment. It tries to make compatible atl!
languages and protocols used for the ingdustry, by
using bridges, gates and converters, amalgamaling
them all into something like "computer E<peranto”.

As a result of this approach, a let of new
"computer Esperanto" systems have been develeped.
but zs no o..7cial p-ctocol exist, none of them
could communicate. Before continuing with the idea
of trying to combine all these systems into a
"universal normalized computer Esperanto”, it i<
important to point out that such a solution would
involve a lTot of overheads by turning the <ystem
more nr lass into a batch system ang therafore
inappropiate for real time communication.

A.7. Standardization
1.2.1. The I1S0/0SI model

The idea of establishina a universal
comrunication protocol began to be a reality with
the publishing of the Open Syctem Interconnerting
(0SI) mode! by the Interrationa: Standards
Organization (ISO) in 1978,

This [50-0SI model has been almost universally
accepted as a pattern for local area network (LAH)
developments in both the factory and the office and
so the first steps in the direction of
standardization of the communication language have
heen made.

4.2.2. MAP and TOP

The second step was completed in 1980, when the
Institute of Electrical and Electronic Fngineers of
the USA (IEEE), created the project 802 (ommittee to
start work on LAN standards while the General Mntors
Technical Center established an inteinal task force
with representatives from seven divisions in order
to develop a communications standard enabling
rommunications between devices from different
manufacturers. The objectives of this task forre
were tn develop a communicaticns standard from
existing standards and procedures for diverse,
intelligent devices and to encouraqge vendnrs to
adapt the standard. The first results were the
development of a sperifiration based on the existing
150-0SI seven-layer model as a f(ramework for many
established and «<nerging networking standards: this
development was called Manufacturing Automation
Protocol (MAP). At this early stage General Motors
recognized the need for other rompanies tn support
the MAP specification.

In 1982 General Motors formally adopted MAP a<
A communication standard for all its plants and
requested that equipment suppliers follow the MAP
standards for interconnerting. In 1985 the company
implemented the first pilot MAP iastaliation at the
Detroit-Hamtranck plant, and together with Boeing
and their Technical Office Protocnl (TOP)} they
ro-sponsored a major demonstration at . he Autofadt
“how in Detroit. The resvliting MAP/TOP network




demenst ~ated the feasibility of a myltivendor,
computer integrated manufacturing facility. But a
probiem appeared at this stage ‘hat the Version 2.0
5f MAP was not compatible with the Versicn !'.0 and
s0 a lot of deveioped products were no longer
usable. When the new Version 2.1 appeared and for a
second time the upwards compatibility was not
gvaranteed, some of the participating companies left
the project, resulting in some speciaiized magazires
writing articles with titles 1:ke "MAP is DEAD".

This problem did not step the efforts of the
MAP/TOP users group, and they prepared a Version 3.0
which gave a new impulse to the standard. AL the
same time a working group in Europe began to develop
the CNMA protocol which ditfers onlv by a few points
from the MA®/TOP ideas.

& pessible conceptual description of MAP would
be to say that it is an enabling technology which
only specifies standard protocols to facilitate the
connection between equipment from many different
vendors on a network and without the need for
cuystomer developed communications hardware and
software. This situation gives the manutacturers a
choice of the appropriate manufacturing equipment
vendors, without having to be concerned with
compatibility.

4.2.2.7. MAP-EPA and MINIMAP

yor time-critical communicat . tasks, two
additional standards have been de: .ed: Minij4AP and
Enhanced Performance Architecture MAP-EPA. These
two standards bypass some of the layers and
therefore some important Timitations, net only from
the compatibility cide but also from the technical
features (e.g. message size, guaranteed message
delivery), are introduced. The idea is to reduce
overheads and give a faster p2vlormance in
situations where speed is critical and full MAP
features are not required (e.g. in situations where
operations do not need to communicate with a wide
variety of other devices).

The MiniMAP standard is not a MAP node because
it is not 1S0-0SI compatible and can only
communicate outside its own sector with a gateway.
The intent of this standard is to allow
non-compatible equipment to co-exist in a MAP
environment at the early stages, but it is expected
to be phased out in the future.

4.2.3. The actual sityation

The actual situation shows that the MAP/TOP
standard proposed by General Motors and Boeing is
being accepted by leading United States firms and
some European firms such as Siemens. Although not
all of the functions of the protocol are defined, it
is developing into a de-facto standard for all
manufacturing industries. In 1988 IBM gave a new
impulse to this standard by announcing a PC-Card and
3 PS2-Card which allows the PC to communicate at the
MAP protocol.

The MAP/TOP Task group standardization work
allows a multivendor communication between different
hardware elements, but it does not represent a
complete solution. A lot of work has to be done at
the higher levels, where the application
communicates with one another. [t is very important
to have a normalized communication so that one
application software can communicate with another
and enchange information at the program level, and
not only through a "file transfer management

system”. Using *the idea of the romputer Esperanto,
the actuval state is that the required words have
already been determined and also how they will bae
transmitted: bowever tha irfermation on how to
construct a sentence and transmit an ided ‘a2t not
yet been defined.

PART 5
5. CIM and the world

From the middle of this century the der 'nd tor
mass—produced manufacturing uoods began to decline
and many manufacturing industries were obliged to
produce customized products. The new market demand
was for medium to small batch series of products,
which mean a flexible production.

With the introduction of the microprocressor,
the situation changed considerably and the bulk of
interest ocused on developments in software and
communication aspects. Th2 Yegical follow-up of the
manufacturing process will be the use of
computerized tools from the moment of the concept of
production according to market information. to its
delivery to the customer.

In contrast to traditional automation, the new
automation technologies are flexible and apnlicable
to a wide range of machine building operations.

Until now the development of industrial
automation was fairly fast and rather chaotic.
Automation requires a "system idea", beginning at
the single production task and ending with the
global concept of the plant layout.

The key to the successful implementation of CIM
is to understand relationships between production
objectives, technical components and the
organizational structure of the factory.

The istroduction of CIM issues, like most new
developments, was mostly done in such a way that
none of the expected results were reached while new
problems have arisen.

The fast expansion of the area and the many
general information articles representing CIM as
"The Panacea”, or "The solution to all your
problems”, or "The factory of the future", and the
marketing statements of industries (which always
involve the main idea of selling their own
products), have developed a Tot of "wrong concepts”.

Some of these are:

- The concept is CIM and not CIAM (Computer
Integrated Automated Manufacturing).

- It would be better and more realistic to
refer to CHIM (Computer and Human Integrated
Manufacturing) and not to CIM.

- CIM is a concept, its applications are
different in each enterprise.

- The first effect in introduring CIM is
always an increase in the production cost
for a short time.

- Two steps must be taken into account on the
introduction of CIM technologies:

V. The first step must always be a thorough
study of the industry’'s structure and
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.10t IM and andustriaticed countries

Manutarturing a< a te bnnloay and as an
induste, v undergeing substantial and <ianitficant
thanges in industrialized (ountries. These rhanges
must be viewed as both a toaical extension ot the
treads and innovatioec in manvtactuyring since the
industrial revolutior, reculting in a new style of
manutarturing cperations and a new role for
manutacturing as a competitive weapon tesperially
against developing countries) and an integral
component of the business strateay. There are today
tar—reashing rhanyes tabing place in the glnbal
marketpla-e which will result in the requirement for
" IM-based flevibility far many enterprices.

S5.1.1. CIM-components in industry

The basic CIM-concept of an enterprise is
determined by its organizational structure, the
product-mix, manufacturing organization and
technical presuppositions. Thus no standardized
CIM-solution can be developed or analysed. I[ts
degree of realization in an erierprise will he
determined by the number of (onnections hetween
difterent (IM-levels. Accordingly, two development
staages of (I¥-qystems may be rlassifiond:
ta) concerning

Implementation of (IM-components: Q
as CAD, CAM,

the realization nf main components
HC-proarammiag or (A, most of the investinated
srall and medium-sized enterprises may be
allocated to the Tirst ~:age of CIM. At tneir
plants (AD, Ht-prnnramming'and machining
reatres are realized, while production planning
and srheduling systems and CAP ars only
realized to some evtent. As points of mayar
eliort, the areas ot calculation. .cheduling,
planning of machine -apacities and definitinn
of marhining spquence- may be determined.
DNC-cystems with direct connections betweon
HC-progrimming and machine tonle are not
realized to A dearee worth mentinning,

A second (TM-stage differa from the {irct by
the employment ol FM - automated stores and
automated transpert aystems and alan hy the
extension of planning <ystems. This planning
romprises areas wich as ioh arcounting,

material management | caleulating and wor b Tpad

p'.\n'\ v ng.

The coupiing ot me2rgringe wystems
~ith P30 1< <LiiT A futere objertive,

vhY  interrelationship at ! IM_components: Reterring
te table 1. <some aspects o daia relations
between TIM-comporents <hculd be uvutlined. as
tar as isolated <olutions are roncerned. aost
enterprises have so far anly realized the
integration of CAG-MNC svstems. Data
transmission from CAD to produrtior planning
and scheduling systers i< done manually.
i.e. data from piece lists. orders or wort
plans are transmitted to the planning systems
by *he productinn engineer. At <ome
erterprises, tecknolouy data hases are used.
mainly relating to machining data ‘rurning,
milling, ete. ). By means of the installation
of DHC-systems, operaticnal data (machine data.
order data or personne” data) can bhe rnllected
economicraily. In many ta<es the inteagratirn ot
these systems is realized via order velease,
work-load plarning and srheduling.
Table 1: Degree of (IM-realizations, based nn
conncctions between C(IM components®
Dearae
CAD-NC geometry-daia fos NC-programming »xx
CAD-CAPP  geometry data for wark plan
generation vy,
CAD-CAQ geometry data for measuring
system ¥
CAD-CAP piece list x
CAPP-NC tools and technoloqgy data »v
CAPP-CAQ  workplan for integrated
test cycles x
CAPP-CAP  workplan management x %
CAP-CAM order-release, availability,
rapacity w0
CAP-CAD control data of in-process
measuring ¥
CAM-NC DNC: program release and
transfer %
!
CAQ-NC NC-test program for
CHC-gauging machine v |
: i

* (F. Liu and A. Moot;.

nf Germany}.

'988. Federal Republic

f.1.72. CIM centres

Contrary to the industry situation, some (M
reglizations with a high degree of integration don
evist, but these are in most rases confined tn
prototypes installed at <o-called CIM centras. As
an example for surh an installation, a ".IM centre in
Sweden is outlined helow:




A numnber of Swedish companies co--epergte n

this CIM project (called CIMFUTURAY. Its aim i< {0
provide the means of !inking together information

and preauction systems to c(reate efficient factories.

A unique tontact network ot companies has been

dovi Tened through co-operation in the CIMFUTURA
praject. Mew software ha been produced that can
handle the difficult interfaces between the various
systems. The software is entiraly application-
oriented and independent uf equipment pertorming the
machining. transporting and so on. Testing
procedures that brirg ¢ IM installations into service
by stages have aiso been Jdeveloped. C(IMFUTURA's
tirst refere.ce installation has heen <et 'ip at the
[BM plant in >weden.

It nas been integrated into the factory flow
and manufactured parts tor IBM printer feeders.
Currently lour different parts are being
manufactured and information flow has been
integrated between arders. planning, design.
preparation, manufacturing and celivery.

At the sta=t of 1he system, waterial is
manually Toaded onto pallets which are identified by
bar codes. Infarmatice from the planning system
directs an industrial robot, mounted on an ll-metre
track, to load the corrert billet into the fi~ture
o! a machining centre. After debarring and washing
at another station the finished part is transferred
to the magazine store. Fa.ts are called-on from the
store as required and loaded into an assembly
station which incorporates a SCARA-robot (it is also
possible fer parts to pass directly firom machining
to assembly, by-passing the store). The
sub-assembly is then marked and forwarded to another
fartory tor final assembly.

In this project, design and manufacture are
integrated by means of an MRP-type system. based on
a relational data base for flexible data access with
a simplified adaptstion for new information needs.
Tt works with finite capacity loading and
order/operation network scheduling. However, an
operator can interject into the system with an
express order. The system w.uld then be rapidly
emptied to make w-y tor the new on-demand schedule.

The CAD-system can produce NC proaramming
functions and simulate robot motions as well as
generate a parts list (parametric designs are easily
created). The CAM-system of the project is a
sn-called FME type (Flexibility, Modul -ity and
Economy), which is claimed to be a major advance on
normal 7"AM. It uncertakes information processing on
the shop floor and is said to ke a new engineering
philosophy which can electronically describe
manufactu:ing processes such as operdator
instructions, Ml-machining or automated materials
handling. It is a tonlkit of Pl-based program
mndules for communicating between the cell computer
and the manufarturing engineer. design and
plannicg. CIMFUIURA has already created functions.
interfaces and communication protocols for a variety
of devices, inctuding rohots, automated stores and
machining centres.

The Swedish (IM-project ran be regarded as one
o! the most integrative approaches in this “jeld.
Its most importsnt achievement has been to give
other (Swedish) companies the knowledg: and
motivation to carry through their own projects.

5.2. CIM and developing countries
Considerable gains in efficiency could be

obtained by the adoption of contemporary methods for
factory organization, planning and scheduling and
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oroduclion control, as w~ell as appropricte
subrortracting policy.

In the last few years. the developed countrie.
have been ‘nvolved in correctiug mistakes in the
chagtic intretuction of ~utomation. Actually. most
ot the industries in developing countries are still
involved in this correction

This is the reason why it is the best incment
now to try to learn from these errors and
perhaps through technical counselling n-t orly
avoid the widening of the technologiral yap. but
reduce it.

The key will be to optimize ¢r change the
organizational structure of the industry. trying n
the one side to stimulate the introduction of
co-operative systems and avoid FLierarchical
ctructures and on the other to understand the
industry as an entire and complex model, where the
battlenecks and possible deadlocks have to be
determined.

5.2.1. jome ideas on the introductios of
organizational changes and automatien
techrologies in developing corntrics

With the above-mentioned concepts in mind, some
important elements to be avoided at the preparation
phase are listed below, together with some necessarv
previous studies and project steps {tha peints
outlined here only represent a general direction
because every country has te carry out these actions
aceording to their own socin-cultural context):

To avoid:

(a) Do not simplify the problem by a "machine
purchase". tkis will nevei be a solution but
will only present 3 bigger problem. [f one
introduces a computer inta a chaotic system,
oi:e obtains a "computerized chaos". [If one
automates the production of a bad product, one
obtains a fast production of a bad product.

(E) Do not believe that all the increases 'n
productivily are caused by automation - most of
them criginate from a change in the
organizatienal structure required for the
introduction of a flexible automatica.

{¢) Avcid 3 confrontation between capital and
labour by creating awareness programmes with
trade-union leaders, progressive entrepreneurs
and governmental politicians.

(d} Avoid bad reactions caused hy the use of wrang
terminology. HMost of the correct expressions
sich as (1M, automation, structural chanqe,
etc . are -harged with a negative connntation.

(r) Avoid short-term programs that wiil bring
“spureas” competitiveress based on fartors such
as low interest loans, tax benefits and so on.
The proaram must be based on technologiral
changes a~d wetter working conditions through a
better distribution uf the resources.

To study:

Analyss the production market in order to
select specific areas and try to:

(a) A<sure a "cascade" effert in produrtion;

{b) Introduce advances that could act as a pull-up
or motor for the industrial system;




(c) Maximize the airoct and iadirect benefits in
local! s<oriety:

(d} FPromote a loral technnloagv develgpir 1t through
selectad imports.

o do:

(o} Eniourage bilateral transfer and communication

hetreen industries ang universities:
(bY Geaerate iagustry clubs to support local
[n<“qnluqy transter centres which may be
implementad a3 e<ternal 1nstitute< of the
univer<itiss:

Navelop training programmes at all levels:

lise prartical demonstrations of new
techneloares (video, PCY:

Ercourage inter-disciplinary teams:

1f} Zreate a regional information _,stem to enable
hetter rontacts between the existing
institutions and prajects.

Industry club:

Some ot the characteristics of such an
"industry club" should be:
(a} Independence ot the product. i.e. the system
must be capable of adapting itself to the
manufacture of difterent types of products with
very small modifications;
(b)Y Independence of the hardware and software heing
used: The system should be independent from
software and hardware elements with which it
interacts. This means that at the system level
only resources with determined economic and
temporary characteristics and not determined
elements will exist. This requires a
definition of clear inte-faces enough simple to
be able to rommunicate with elements from
different suppliers without too much extra
effort;
{r) Practically demonstrable: The system myst be
in a position tn manufacture some kind of
product. After studying the specific needs of
the market, a product must he seiected which is
flexible enough to be easily produced in
different types and different variations of
this cypes;:
() Flexible software: The software must be easily
expandable to allow for a step-Ly--step
intraduction into the industry. Tts desinn
must therefnre he modular;
te} Flexible havdware: The <ystem to he controliecd
riat he easily expandable.
1. rONCLUSTONS
A number of potential fields of conflict exist
{(mainly sorio-cultural ones) in connection with the
introdurtion of madern information technnlnqgies.
The adaption of (IM could be a major hindrance in
huilding up an eronomy if it i3 not based an the
sperial needs and pecnliarities of a rountry. But
CiM mus® not be rogarded as the “"ingenious solution
for production” . this is <till a slogan uriginating
in the massive interests of CIM compnnents
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suppliers. to establish n.w markets for their
products.

Much has been s2id and written abauyt the
“workplace killing" effe~t of oraganizational changes
and modern automatio: technologies i: industry. In
my opinion, *the main problem must not only be in how
to protect the work place, but mors importantly on
how to increase the "quality ot life".

I lhke to use a model of mankind's future,
showing a man walking along a road scattered with
stones he has to avoid. Referring to this model, 1
interpret the "scientific spirit” as follows: Our
responsibility lies in supporting all activities
which could help smooth the road so that ths man can
walh without problems and raise his head.

The developing countries specially have to be
artive in this process. then this "smoothing
procedure” will appear sooner or Tater all over the
world, with or without their help. But if this
occurs too fast, without allowing the man to adapt
himse!f to the new environment by making a gradual
step—by-step development, he may possibly not be
able to walk at all. Moreover, not being prepared
for such smoothness, the "developing country man"
may only walk with difficulty or even fall down.

Similar to the industrial system, the human
system is dynamic and so it is impossible to have a
nunique, permanently valid description of what this
"head raising” means. But this is not really so
important, because in “dynami. human systems"” the
only solution is the continuous search for new
solutions to increase the "Productivity of Life” for
every single person in the world and not of every
single person in the world.
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1. The potentia! of computer—intygrated
manufacturing

There i1s widespr2ad aareement that advanced
computer-baseu systems have cornsiderable potential
for improving manufacturing operations. Rates of
ditfusion of teck -3logies such as computer-aided
desiagn (CADY, flexible manufacturing svstems {FMS)
and computer-aided production management ((AFM)
systems althouuh ~till stow, are beginning to
accelerate as tirms recoanize the benetits that ran
be obtained in terms of reduced inventaries,
shorter lead times, tiahter prodyctior rontrol.
higher quality and overall improved responsivensss
tn the market. Table 1 which draws on the
INSEAD manutacturing tuture survey of Furopean
manufarturing evecurives indicates the range nt
typical mnnufarthing concerns and sets those
against the rontributions which computer-ba<ed

ey

technoleates can offer i<ea page 7.

The trend ir the application of computer-based
systems i< towards ¢omputer-integrated manutactaring
(CIM).  That is. the ronvergenre of the varions
systems associated with ditferent aspects of
manufacturing around a single data base and shared
communications. Such convergence continues a trend
estahlicshed for some time within the manufasturing
process where there ha< heen arowinag intenratinn.
first within and then between tasks. A good ecample
is the case of machine tools, where the varinu~
individual operations which nsed to be carried out
by different machines and gperators bave aradually
corveraed into single sophisticated machining
rentres and where much of the original craft skill
of the operator can be embodied in the control
program of a (NC device. Such machines can alsoe
be rombined with robnt manipulators, computer-
controlled tool management and parts handYing, and
linked together with other machines capable of
ditferent types of operation, such as cutting,
dritling or grinding. This has made it possible to
create an intearated manufacturing cell, under some
form of direct numerical control (DNC) by computer.
and behaving in many ways as a single complex
machina. Ffigure 1 illustrates this converagence
{see page 7R).

The present stage ot ronvergence is for
integration between these aperations and the overall
production planninag and scheduling systems in a
flovible marufarturing system. (M takes the
process a step further. by afttering potential
VTinkaae with all element- of the manufacturing
proress: desian, co-ordination and pooduction. It
15 also worth nating that the patte-n of integration
does not need to stop at the boundaries of the
firm: linkages between firms - on desiqgn,
purchasing, distribution, etr. -~ are alsn possible
via similar computer communication networks.

Nigital tquipment, fnr cxample. in a recent report
describing their Clormel (M facility in Fire point
out that through the nse of the company's world-wide
romputer/communication network the plan can arres<
up to 15,000 computer systems. For a task like
design this means that a vast resourrce nof
specialized knowledge - distributed geographically
throunhout the world - can be hrought to bear pn the
problems of a particular plant through a single
computer terminal and appropriate communications
software. Fiagure 7 illustrates this extension nf
inteqratinn (aee page 78).

2. IMPLEMENTING INTEGRATED TECHNOLOGY

.. Froblems with ccmputer—in{ygra’ed mangtar by ing

From this it appears as it { {M represent< g
"aolden key" with which manutarturers will be able
to unlork their produrtivity ard guality prebiema,
and at tirst glance the diftusion ot advanseqd
automration technology appearvs *o sipport this (fea
with market growth rates in particalar o tore rfves
in excess of ZQ0 per rent per year. Bt e opeartcce
Aalthough there has boen considerable publirit, and
strong market pressure trom the supply side. a
arowing mond ot disenchantment aith 71N goaned?
user< can be detected. with many redur ing thaiy
investment intentions and seeling <iapler -l
to their manufacturing preblems.

Lh e

A report for the RAritish [nctitote
Management makes the point that althegh
made investments in AMT these have not alwa,s beon
In one sample nt K1 plarte tehohad
tag thirde had -

nt
'

e bhage

surcassinl
invested in some form nt fMS ove-
tar only arhieved Vow paybark - balct athar o
TAD also ftell that *hey were nnt gcQ'ing fha hesx
aut ot them (see table [ on pane 7). Iee,itabhly
*thiz bas led firms tn re.ise their investment
intentions downwards ard in partiralar away trom the
mare comples systems technologies<.

S

Too much shauld not bhe read inte ticoures of
this tind, but they do demonstrate that meving ‘e
integrated ronfiguratione ot techealaay raises
number of questinons. Despite ogptimistic mariet
forecasts and the promise of ronsiderable heneafit,,
a growing mond of caution is clear!yv de.elopinag
amonast potential users. This emerges ir the
dppa§snt slow-down in investment, in fomment., in the
trade precs and in a growing cynicism about much ot
the supply industry. [t reflects, abave all. a
disenchantment with AMT's ability tn deliver the
benefits promised and there are several cxample; of
rostly failures or of systems that are nuly working
at a fraction of their true potential.

Fven where systems do work it may take several
years to learn to use them well enouair Lo e«plnit
thie sort of gains the suppliers sudgqected were
possible.

Although there are clearly several major
terhnolegical problems to be avercome in achisving
full integration, it is bheroming clear from claser
analy<is af the experienre of tirms which have
implemented partially inteqgrated solutions {<iuch as
CAN/CAM or FMS) that considerable nrganizational
rhange 15 also needed in order to arliteve the
sxpected hennfits, Inde:d, in <everal cases
firms report that the majority of benefit,
arhveved derived from thess arganizational chanages
rather than the technnlnqgy in which they had
invested.

An illustration nf this ran he found in the
experienre of Digital in implementing a major (1M
facitity in Clonmel, Eire. Althouoh this was
planned a« a techrnlogical innovation and, five
years on, is generally regarded as having made a
significant contribution to improved perfnrmanre at
the plant across a range of indicatora, ~urch as
productivity qrowth, stock turn, inventnry
reductinon, lead time reduction and quality
improvement , the plant director views the major
benefits a4 having come from arganizational
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The move to FMS and other integrated automation
technologies also poses questions about
organizational structures and particularly about the
traditional pattern of functional specialization.
for example, there is the need - itself facilitated
by moves towards CAD/CAM linkages within firms - for
the design and production departments to work
closely together to develop produ:*s which are
suitable for manufacture on an FMS. Such a "design
for manufacture" philosnphy is of particular
significance in the flexible assembly automation
field where small modifications to the design of an
item can eliminate the need for complex manipulation
or operations within an aytomated system.

In one FMS case that we examined, for example,
the redesign of the product led to a reduction in
the number of operations (handling and machining,
from 47 to 15, with significant implications for
cost and lead time savings). As one manager put it,

"FMS is going to drive the shop, but it is also
going to drive the people who design the
product and the production engineering ...
those parts have got to be made if we are to
justify this investment."

The essence of such functional integration is
not to eliminate specialist skills but to bring them
to bear in a co-ordinated ftashion on the problers of
designing, producing and selling products: creating
a single system view of the process rather than one
with many parochial boundaries and little
interchange across them. Another good example of
this can be found in the area of financial appraisal
of FMS, where the integrated and strategic nature of
the technology is forcing a major rethink about the
traditional role and perspective amongst management
accountants.

In the same way that integrating technologies
require closer functional integration, so they imply
shorter hierarchies and greater vertical integration
in the organization's structure. In order to
exploit the full benefits of a rapidly responsive
and flexible system it is necessary to create a
managerial decision-making structure which is
closely involved with the shop floor and which has a
high degree of delegated autonomy. In this
connection it is clear that the pattern of
devolution in the use of FMS and in the wider
factory context is much more developed in Sweden
than in the United Kingdom with few levels in the
operational and decision-making hierarchy and with
considerable responsihility passed through tn the
operators themselves.

Integration alsn has significant implications
for the pattern of work nrganization, With greater
reliance on a small aroup of workers and managers
comes the need to Yook for models of production
organization which have less to do with task
fragmentation, divisirn of labour and ontrnl by
external reqgulatory systems of sanctions and rewards
and to evolve alternatives based on small aytonomous
wnrking groups, with high flexibility and internal
contral, These moves (which, it should be stressed,
were not obhserved in all the plants visited) can be
seen 45 attempts to move towdrds a more appropriate
form of manufdacturing nrganization to support highly
integrated technology. Whereas "traditional”
produrtion organization often stresses factors such
as functional specialization, division of labour,
proredural contro) and other components called
"mechanistic" organization, it can be argued that
more "orqanic” forms that stress integration and

more ‘lexible contrals will increasingly be required.
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4. New forms of organization and management?

The prescription for CIM appears to require the
presence of an integrated organization. It is
important to recognize that this challenges many of
the basic assumptions about the way in which
manufacturing is organized and managed. At the time
they were working their approacn - based on the
principles of scientific management - was highly
effective. It is instructive to remember, in these
days of discussion about lead time reduction and
just-in-time production, that ford's plants were
able to produce a complete Model T from raw iron ore
in five days.

The basic pattern is summarized in table 3
(<ee page 27), in which the Ford/Taylor approach is
contrasted with the kinds of model which mav be mnre
appropriate for supporting CIM.

5. Mechanisms whereby intoyration can be achieved

As we can see from table 3, CIM cuts arross
traditionally recognized and accepted functional and
hierarchical organizational divides. Thus in order
to gain successful results from CIM applications,
some corresponding integration of the organization
reeds to take place. for example, in a recent
survey of CAD/CAM users, Voss found that those
organizations achieving either business or systems
sucress had undergone some form of organizational
integration.

There are a number of potential alternative
mechanisms, whereby integration of the technoloagy.
strategy and structures of organizations can be
achieved. [Inevitably there is no one "best”
solution for how to integrate ar organization, since
each one has its own history and set of
characteristics that shape the choices and
constraints influencing its integration strategy.

Structural reorganization is often seer as an
essential key to the success of an integrated
system. Various methads for integrating the
organizational structure have heen developed hy bhoth
organizational development consultants and
academics. One such form of organizational
integration is that of matrix management. In a
matrix structure, representatives from different
functional disciplines are grouped Logether on a
team basis, usually to tacrle a specific project.
The physical integration of the group, i.e.., the
comhination of different functions such as
engineers, designers and marketing people, romhined
with its geographical integraticn (usually in the
same location), fosters team spirit. That the group
is also directed to arhieving one ayreed goal.
appears to pay off in terms of tanagib’e benefits,
such as reduced lead times, desian for manufarture,
etc., although usually a short-term, project-
specific approach a matrix structure can be a
permanent arrangement, enabling multi-functirnal
teams to work together,

To paint a glowing picture of the matrix
management structure, however, may be misleading.
Certainly it does have advantages in terms of
maximizing communiration hetween functions on
specific projects, bhut it also has drawhacks. One
problem often confronted is what might he termed,
the “servant of two masters” issue, i.o., where an
individual is part of a project team but also part
of a functional department. Potential conflict
exists, for example, where commitment to a project
may be seen to det-act from career progression
within the functiona) department. It is therefore




essential to ensure ciearly defined authority !ines
and maintenance of professional links, such as
through frequent meetinas or circulation ot
professional magazines.

Although a matrix approach can be seen as a way
of integrating the organization. the <tructure means
that the original functional labels are maintained.
Thus the extent to which radicai integration using
this form of organization can take place is
questionable. It can be arqued that matrix
management in fact only represents partial
integration, whereas integrating technologies are
revolutionary and theretore demand more radical
functional change, which contronts from the accepted
wisdom of set format.

Restructuring the organization in such a
radical way may work within a small, organic
organization: for larger, relatively mechanistic
organizations such a change. or simplification of
structure may not be as easy to achieve.

In several cases 't had ied to the desiagn
tunctions being hived off allowing a simplification
of the structure enabling the function to respond
more effertively to the demands of the new system.
This may also be seen as a way of defusing the
political resistanre to integration.

The emphasis of these studies is that
integrated technologies require a simplification o’
structure along horizontal levels, i.e., between
functions, to enable fuller integration. The need
for similar simplification of the organizational
structure on the vertical axis is given weight in a
study undertaken by Haywood and Bessant of Swedish
firms successfully employing FMS. It was noted that
the organizational structures in Sweden are
considerably flatter than their equivalent in the
United Kingdom (3-4 levels in Sweden compared with
6-10 levels in the United Kingdom). Haywood and
Bessant assert that this structural organization has
significant implications, increasing communication
and enabling managers within the organization to
have a greater overail knowledge of the business as
a whole. This increase in integration appears to
reduce the progress-chasing role of middle
management, although it represents a potential
threat, in some cases by making this level of
management redundant.

Research evidence also suggests that
organizations may have to undertake changes in
organizational roles and skills in order to achieve
further integration. [n a study currently being
undertaken by Winstanley et al. the introduction of
new integrative technology for CAD users has
implications for the role of the draughtsperson.
This task can now be undertaken by a design
engineer, but this impiies a change from the
multi-funrtional engineer who might operate within a
matrix structure, to the multidisciplinary
engineer. Thus the engineer, instead of being a
development enqgineer or a designer, may carry out

both tasks and perhaps work directly on a CAD system.

Interestingly, Haywood also quotes Swedish
manaqgers who suggest that the traditional
delineation hetween blue-collar and white—collar
staff may be weakening. C(omguter-driven companies
may rause white-collar <staff to become more involved
with shop-floor work and conversely the new
integrated technologies may cause shop-floor workers
tn do more indirect work,

"We would rather get the person with the
machine or manufacturing knowledge to acquire
computer or electronic skills rather than qget
the academically more qualified to acquire
machining knowledge, since it generally takes
much longer to acquire machining skills.”

We have already irdicated the need for higher
Tevels and greater breadth of skills required by
organizations implementing CIM applications. Ffor
example, Swedish companies adopting FMS increased
their graduate tevel from 3 per cent in 1981 to
10 per cent in 1986. Moreover, these graduates were
spread across functions in the organization rather
than being in the traditio..ally accepted positions
such as R&D or production engineering.

With the increased use of CNC machines, for
example, the emphasis changes for the operator from
the manufacturing task to tasks associated with
programming and maintaining equipment. Workers
without relevant skills can cause expensive downtime
and repais. Integrated technology is requiring
employees to move beyond narrow job definitiens and
functional barriers with the implication that each
worker will be responsible for more jobs/machines.
The advantages to the organization are that it
should increase integration, more people will know
what is going on, and delays in the downtime of
machinery will be reduced.

Such shifts in the skill profile of firms will
require extensive investment in a programme of
training and retraining for its employees. However,
this shift in training emphasis may prove difficuit
to achieve in the current climate ot retrenchment,
where training needs have been increasingly
undertaken by consultancies, or have been sold as
part of the package for a manufacturer's explanation
of how the machine works. In future, internal
training may well become a key mechanism for
ensuring full organizational integration.

Further integrating strategies for the
impiementation of the technologies may come from new
methods of working such as just-in-time and total
quality control. For example there is growing
appreciation of the capability of such approaches
within CIM systems. Such approaches enable the
worker to become more conscious of his/her own work
and to understand the whole system of organization
and production and his/her own part within it. Thus
the system is philosophically a more integrative
one, although in practice it needs to be combined
with the removal of restrictive prartires.

So far we have discussed various strategies
which potentially could bte employed for increasing
inteqration throughout the organization. In
addition we have to consider the ways in which an
organization can best introduce new technologies and
work practices. The importance of implementation
strategies and the subsequent approach taken by
management to the installation of CIM systems has
been an area of considerable interest. It would
appear that where participation in the introduction
and implementation of the system has been evident at
each stage, issues of organizational change have
been anticipated and, consequently, ownership of the
system has been spread across the organization
allowing for a smooth implementation. This is
consistent with the "participative design approach".

It would appear vital wnen implementing
inteqrated technologies of any form that the



organization has an understanding of the process and
reasons behind the intecration thrust. This
understanding will perhaps more readily allow
organizations to adapt their structure create an
atmosphere of functional change and skill change,
which should in turn lead to better use boiao nade
of the systems employed by the organization.

6. Conclusign

Technical integration in the form of a (IM
system is highly complex. As technnlogy allows
tasks to be increasingly combined and functional
harriers to be Llurred. its success appears to
depend upon a correspondingly integrated
organization. Therefore, organizations have to
undergo an extensive period of erganizaticnal
learning and adaptation to enabie them to exploit
the full potential of these systems. Su.cassful
organizational implementation strategie, appear to
involve a recognition of the need to change
through an initial simplification of the
organization's present operations. In
addition there is a change in the skills
requirements, with the need for increasing
breadth of skills and consequent flexibility of
deployment of labour. Such skills changes occur at
all levels of the organization from shop-flour
through to highly skil'>d “professional™
occupations. The combining of skills and
integration of functions in turn can lead to a
flatter organizational structure.
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Various methods by which this organizational
integration can be achieved have been examined. The
satting-up of new structural arrangements such as
matrix management can be seer to bave positr.2
etfects. However. it is recognized that treatina
the issue of structure in isolation is limited 'n
its help in understanding the pracess ot
integration. Ffurther resear-* needs to evamine the
reiationships und impact of tre different variables<
that make up the process.

In addition. the ques-ion is ravsed of how far
an integrated technological system demards
integration in the form of centralization.
Paradoxically one of the key features contributing
to greater fiexibility is the decentralized
operation which CIM makes possible. One
reconciliation of this apparent contradiction mauy
lie in some form of organizational networking,
mirroring the distributed patterns present in modern
computer systems.

In the final analysis it is instructive to
remind ourselves that technology refers not only to
physical equipment and computer software but also to
the various organizational components - such as
skill, structure and culture - which go to make the
nyseful arts of manufacture”. With this perspective
it is easier to see that a successful systems change
such as the move to CIM will only be possible if
there is simultaneous technological and
organizational innovation.
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3. THE TECHNOLOGY APPROACH TO FLEXIBLE ASSEMBLY

A tlexible assembly celi test bed has been installed at the
Austrian Research (entre in Seibersdorf. Work is progressing
to <olve cell control and tost accounting problems.

{F. Spinadel [also the Technical University
of Vienna and Buenos Aires] and E. fugger,
Austrian Research Centre, Seibersdorf)

. Today. market requirements demand higher Ar assembly cell with techrology-oriented

t¥avibility in the produrtion process. especially stations allows the user to manutacture new produrt
assembly. Modern industrial elements like robots, variants or new product types not known at the
transportation systems and monitoring systems can planning stage. The fle.ibility of the cell permits
. atready be used individually in a highly tievible the rapid adaptation of assembly to specific
way. A further increase in the flexibility ot these customer requirements, without having to solve
clements dnes not promi<e better results, but it 1< problems ¢t small batch sizes and alterations in
vrucial to utilize their high tlexibility within a3 product design.
production or assembiv system. Better "co-operation”
hetween e.ements rould be the way to increase total T0S-method
tledibility. In the fallowing a method 1< described
indicating how this objertive can be reached by The principal functicn of the TQS-method is
rhanging:  the physical ronfiquration of a explained with reference to figures [ and 3 {see
systemscell and the craanization of the work flow. page 33). Ffigure 2 shows, in a simplified way. the
The "Terhnology Orieated Station™ concept (T0S) has arrangement of assembly stations in a "rigid”
been developed for the former. and the "DYramic assembly line. The individual assembly tasks are
tontrol Dptimization” merhanism (0Y(0) for the accomplished in certain predetermined sequences and
Tatter, cviles. The stations are arranged one after another
and repeated: where reressary, three screwing
These ~ew aproarhes in the tield of tlesibls stations aor three glueing stations. Moreover, the
assembl, are rlosely related to the EUREKA project stations have to be planned in a way so that they
FLI72 "FAMDS" at the Lustrian Research Centre, can be synchronired according to ths cyrle timr.
Seibarsdort, where a pilnt assembhly cell was built Minor alterations ot the produrt or the pre-ess
‘or the practi-al application and test ot T0S-DYZO necessitate numerous adjustments of the assembly
tfrqure 7 <haas the layout of the cell) (see components.
paae 32V, To arhieve high tlexibility for the total
assembly cell (not just tor the individual units), In contras{ to this example. figure 1 shows.
twno mair criteria had to be ronsidered: also in a simplified way. the function of an
assembly cell with technology-oriented stations.
- Tke physica! contiguraticn of the cell; Several stations are connected by a flexible
transport system. Tlhe arrangement of the stations
- work-flow organiration and rontrel. is decisive for the functioning of the cell:
stations are "docked” to the transport system in a
Tonsequently, in this cell, assemhly diuhle ring arrangement. The result is a flevible
te haclonies are arranaed in single stations which cell which can assemble different products in
ran he operated independently (T0S) and assembly independently working stations. The components are
cequen es, paths and durations of assembly cyrles conveyed to the stations or part carriers. ‘ertain
are controlled on-line and optimized by means of the assembly technologies/techniques (such as glueing nr
LY mechanism. measuring) are concentrated in each station. They
are construcrted and controlled in such a wav as ta
Assembly assumes a certral position in allow high versatility of the assembly process to
produrtion 1t 1t has ty cope with small batch si.« cover a wide rarnqge of products/variants.
and rapid changes ot produrt types or variants, wit..
A high dedree nf effiriency heing required at the Part carriers are ronveyed tno a station a.
came time.  Tn achiese this hiak efficiency, the frequenlly as the specitiv technoloqy installed
coll rontiguration i< to be oriented acrording to there is applied to assemhle *he product. The path
the tnllnwing rules: within the call i< nnt predetermined in advanre: ¥
depends on paramelers like product type, cireulation
- Asnembly components are situated in suih a times or eaternal priorities, Fvery part carvier 14
way that asserhly sequence ran be perlormed equipped with a4 dnot memory storage, <o that every
indepondent at *heir locaiinn within the part cirenlating in the rell “rarries” all the
. coll; infarmation required for the assembly praress -
type, stage ot assembly, quality data and <o on.
The layou® ot the cell 15 to allow cortain
annemhly techanlegies/techniques to he As a result, the T0S-method, supported by the
ranrentrated within its operating range, dynamic control nptimization systom, allows difterent
provided they can be utilized in a flexihls produrts to he manufartured simultaneously, starting
weyl with a hatch-of-one. The sequence ot parts fed intn
the cell is irrelevant to the operatinn of the
Asnembly compnanent< ares to be aperated and assembly process,
rontralled independently trom other
toll-companents and are linked by means of a Accounting

flexible transport System.
Cost arcounting methods applied today cannnt

The T0S-method was developed according to these address the special economic questinns of flexible
rutes. 1t aperates in conjun-tion with a dynamic assembly, such as how can the strurture of a
control system (DY/0) for optimizatinn of the production prograsmme be adapted to existing

assembly proress. capacities or bottle ecks, or what additional costs




will arise for the production of certain "evotic”

parts? To gain optimal results of the assembly
planning process., cost accounting instruments ha.e
to be applied in a moditied way. with respect to
costing objectives and <omputing results.

Based on the overal! aqoal of a company to make
profits (and not to save expenditures), the assembly
celi as a means ¢t production has to be vtilized in
a way that permits high profitability. By means ot
a modifiec direct costing method, not orly the
criteria ef protitability, but also special
requirements of tlexible assembly can be taken into
account simultaneously. A pre-supposition for its
application is the data exchanae with the contro!
romputer of the cell. The characteristic feature ot
the planning prcocess (for products to be assembied:
is not only the technically optimal ytilization ot
the as<embly rell  but alsec the consideration of
cost accounting criteria during this planning
process.

[n integrating these rriteria into TOS-DY(CO by
means af dirert costina. products to be assembled
within a certain period are listed hivrarchically,
arcordine to sale< prospects. The resulting
ohjective function 1< rontrasted with the objertive
function of the Y(O-module (figure 4 isee page I
with regard to the avaiiable capacities of single
technology-oriented stations (representing aroups of
resources) of the cell. The production process is
simylated by means of DYCO and, as a result,
bottlenecks and free capacities can be determined.
In approximating the two objective functions - the
technical one of 2Y(CO. which 1s based on the
preduction possibilities of the assembly cell and
the economic ona representing market requirements -
an optimal grouping nf products to he assembled i<
computed. DNirect costing used in this form allows
optimization of medium-term planning, whereas DY(CO
per se is an instrumen! for short-term planning
irontrol’ing) of the assembly process. 1In this way
the assembly cell can be utilized economically.
quararteeing high profitability.

The concept of flexibility is usually
associated with the capacity of a production system
to alapt corrertly and guickly %o alternative
situations. !/ Within this roncept. two types of
tlavibility can be distinguished: dynamic
flavibility  whirh determires principally “now
quick”, and <tatic flesibility, mainly responsible
tor "corrvectneca” A& production system ran adapt
irenlf *o qe.nral prodost variants hy means of the
raontrnl system. The greater the number of different
variant<, the areater the chance will he for the
svstem to arhieve economie solutions tor new
products. Thys, flevibility ran be regarded as a
dimension of ditferent variant~ ro-existine in a
productinn <ystem.

Arcording to rontral theory, the compirx<ity of
4 syatem and thus the time nececsary for the
compritation of a new solutinn increases esponentially,
with the numher of altercatives. This means that
the complevity nt 4 <oftware structure, used tor
arhilesing the dynamic optimal < ution, increases
wrprnentially with flpvibility., Although the sy<tem
rontd actually be quided to a dynamic optimal
~olution with traditional methods fas the sysiem
flpdibility inrreases), cottware control structures
beceme mare and mare the key to the optimal
tunetinning af the <ystem, Interdisciplinary wart
‘rying to combine existing techniques in A new way
and. 1 f needed, to develop new ones, 14 A neressacy
prevegrisite

Dyco

The requirements for DYCO can be osuvtlined in a
short description of the configuration of the user
interface for a flexible assembly coll. Referring
to tigure 5 (see page 1.1}, the DY{0Q environmen® ca~
be divided into two “.orlds": a real cre and a
possible one. In the "real world” there evists
status information Vike work—ir_process, statistical
‘nformatior, work plans, or networks in use. Thesxe
are the structures actually used fer vpstream and
downstream resource relationships, product flow. bt
also incluyding specified information Tibe: Taveraar
costs for preoduct type A, variant ¢ during the fas?
two da.s and its relation to planned tosts.” In tha
"pos<-tle world” different product potentials renlyd
be analysed; ‘the system could search 1ts data
base<. Tooting tor relevant data. [f thi< search
shows that the produrt is a new ona, the fteacipiliny,
of its producticon could he tested and a prefimicar,
rost analysis be made to arrive at a decision. I
the search shows that produrt data already ecists in
the data base. the contrni and decic<iar <upport
madule can start working. This module can alse
"furn active” 1t the develapment and testing pha.c
of a new product is finished.

It is alse the tashk of this woduie to mate a
guided inteilidgent search cf pcssible insertion
plare< for assembly produrts within ar already
planned working queuve. Thic analysis shaws whern
the producl could be finished and whick costs,
side-effects and consequenses -nuld result.

This aralysis could give the operater informal:on,
Tike "the requived product could be reacy in

two hours at costs C? and side-2t.ects £,. or
tomorrow afternoor at rasts ( and side-eftect<
fr,. in one week at costs (. without any
side-efferts”.

This module will alse be used for madium-term
planning of assembly by an ana'ysis of a propased
grouping of products, to he assembled within a
certain period. Figure 4 sha.s the integraticn nf a
direct costing interfice to the DY(O-environment.

At the present development stage. some cof the
described functions are dore manually: ‘thosg it
tould be said that a LHIM (Computer and Human
Integrateg Manufarturing) structure and not a 7[M
one was built.

Comhined with the sequencing/schednling probhlam
it is a critical point te determine na* just a
feasible sequence, but the time-optim.i cne. 0/
So the main task is the redurticn of the tire necded
to rearh an optimal solution in a dynamic wa,.
Two appraaches could be used to redure *he
comprtational effert:  the reduction of the
aralyticsl model complevity, and the yse ot now
mathematical methods.

Reducing mode! complexity. fiiven a sst ot
sariables and the relations hetween them, the
nhjrctive ot a mathematicral madel 16 ta abvrain a =et
ot value<. which conld he deafined as solutions or
responses.  Tabking into arcount the propnced
sofutions and model reactions, it i: pasiihle #n
recalenlate a set of nariables that generate a "o
set of solutions and star® the cycle again, Mot all
variables are influenced by internal changes - -ome
of them are determined in a static or dynamic way; b,
elements external to the model. This basi: mndel
satisfies the prersquisite necessary for the
so-ralled automatic state of the system ('hat is,
for & static system, where nly process elements




change). In any ather work-mede ot the <ystem,

differenst from the automatic one, it is netessary
to create a variation oi the model. This
variation dne< not reter to internal variables of
the system - they represent the successive
temporary states 1t elements pieocessed in the
madel - but rather to the parameters whick relate
the individual variables

To aralyse the tn.luence ot dearaded system
cnmplexity an earh at the parameters (and also its
temporary variation to permit the return to the
automatic state in an optimal way). not only are
<pecial algerithms for translating the actual
svstem reality to the mathematiral model needed.
but also heuristic knowledge and data structures<
te get the best possible return. This new
teedback rould be identitiod a< a mode!
teedback .

It will a¥low only the detinition of a basis
modei of the cell and to represent its variations
with the help of tlevible parameters, «hanged in
thi< vay. [t will permit the use of net-theory
without rearhing complexity leveis which cannot be
analysed.

Reducing analysis time. The sequencing/
srheduling problem must be <olved by searching the
spare of possible solutions., When the search
space is large. a decision support system beqomes
impartant. [’ Recently, many researcheis have
used a special kind ot net far modelling and
representing the search space of production
systems. Most ot these nets are based on the
PEIRT-conrept . PETRI-nets can be regarded as a
combination of Pert and state/transition
diagrams. Some important features of e-tended
PETRI-nets (EFN} are parallelism, concurrence and
sequentiality.

A model at tloxible assembly cell rould be
built usina an FPM concept. Referring to figure 4
{<ee page ..), roncentrating on a part of this
structyre, an intelligent transition can be seen,
which combines element~in-work tokens, waiting at
place WE, with resourre tokens waiting at
plare R. Matrhing the element-in-wik tokens with
the resource token queue is the key to system
optimization. [t was proposed to olve the
matching in "real-time", using a dynamic priority
equatinn and evalution ctrategy for solving té -
quaueina/matching probiem. But this i< not
sufticisst  because the optimization of this
priority equation, which ould have as much as
50 terms or more in <ome cases, needs An snarmous
romnrutational effort,

Fhe Flevible Agtomation aroup at tha Austrian
Research fentre at Seibersdort 1< investigating
thi< priarity equation using <everal prastical
cases and partirnlarly investigating the question,
in the cptimizatinng of al! parameters (each time a
rhange nocurs i the <ystem) really necded? Tt i«
assumed that anly 4 few terms have ta be changed,
but in & dynamic way. It thi, assumption ran be
veritied, a tomplote analysis of the priority
equation wil! have to be made anly nnce, at the
proiess start, in a stalic way. The artual part
heing deselopad at this project stage i the data
streucture of A qroup of assembly products.  This
in impartant for the reduction of computational
pttarts as well a~ tor the re-utilisation of
knnwledge .

The pilat assembly coll (figure 1) installied
At the robatics labaratory at Seirhersdorf i being

used vor anpliration, test< and ~ptimization of
develnpments in the field of assembly automation.
The cell was configured according to criteria,
deduced from the T0%-method. [t allows this
method to be demonstrated and the dynamic control
optimization mechanism to be applied. The
following main-comporents {element<) have been
installed in the cell:

- Industrial robots (ASEA IRb 60. Bosch
SR 800,
Berger Lahr cartesian R.),
sensor-contro'led gripper, aripper
chanying devices:

- Vision system (to be installed in
1987/90) , measuring units (celour and
distance recoanition). bar-code readers.
dot memory data carriers (8 kB):

- Sensor-controlled press, flexiblc conveyrr
system, flexible teeding system, automatic
storage (to be installed in 19R3/90):

- Host computer and PCs.

The assembly cell consists of tour stations,
which are ia a position to accomplish assembly
operations independently, combined with feeding
systems. Ffor the transport of assembly parts to
amd trom remote areas. such as pallets and
manazines frem an automatic storage, automated
guided vehicles will he used. [xamples of
operations, concentrated in technoloay stations:

- Station 1 - alueina, reatine, screwing,
pick-and-place;

- Station 2 - sensor-contrelled press
(pr= assembly):

- Station 3 -~ measuring systems (quality
checking).

The product to be assembled, a precision
gearbox, is being regarded as a pilot-product, for
testing the cell and demonstrating its operation.
The product itself is not the central point, the
assemhly method is. Gearboxes have been chosen
berause they are particularly suitable for
developing new assembly methods and control
systems as well as for demonstrating resulte.

The gearbox manufactured at the plant in
Seibersdorf 1s assembled with 18 variants,
including the following:

- Gear wheels - 3 transmission ratios,
- Shafts - X diameters/ends.

- Bushes - ! materials,

- Flanaes - & forms,

- [lectromotors - ) types.

Nut of these different compournts (together
with standard part< such as sirews, pins,
hall-hearings and <o on), the different variants
of the aearbo« can be assembled automatically
(indepradent of batch size and sequenccc’ by
applying the method of Technnlogy-Oriented
Stations,

The interdisriplinary nature of the project,
outlined in this paper, is mare or less the key
tor the development of qgenerally valid <nlutinna.
Special knowledqe of three dicciplines -
mechanical enqineering. cybernetics and production
ccnnomy - was brought *oqgether and roncentrated on
the romplex field of assembly automation. The




results which have been achieved with T0S-DYCO up to
now are promising. They shou'd contribute to a

better understanding of this field. both for academic
research and potential industrial users of the method.

The next project phase will concentrate on
implementing the DY(O0-mechanism, further integration
of sensor-guided systems and the development of a
cost accounting model, based on TOS-DY(O.

" e« * ®» &
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4. COMPUTERS INTEGRATE DESIGN AND PRODUCTION

A recent Zd7-page study "Computer Integrated
Manufacturing: a Strategic Manufacturing Impact
Report" trom international business and industrial
analysts frost & Sullivan, states that robots,
machine vision systems, automatic identification,
and other devices must be viewed elements of a
broader strateqy, that of Computer Integrated
Manufacturing (CIM).

It observes that it is not only engineers, but
also accountants, who must broaden their view if CIM
is to be accurately evaluated and effectively
deployad. Traditional cost accounting methods based
on internal rates of return tend to inhibit this
adoption of new technologies, whereas CIM can lower
the cost of inventory, labour, and prototype design
and cnonstruction, besides reducing plant consumption
of energy and raw materials, while eliminating data
re-entry and processing duplication. Some of its
most importan* advantages relate to enhanced
quality, flexibility of design, product mix and
production, sp2ed of new product launching, and
one-time delivery.

The above view is largely supported by Bull HN
Informalion Systems, which observes that
manufacturers are now settling for a less
immediately ambitious but more practical approach to
tull CIM. Rather than all-in-one solutions, they
are now seeking to link their overall business
systems including MRP I to specific shop-floor
elements such as CNC devices, robots and workcell
rontrollers. Systems to provide these connections,
hitherto the "missing link” in manufacturing
automation, are now becoming available from leading
suppliers, Bull for example having launched its new
AMIPS (Advanced Manufacturing Integration Products)
Fibrary of software packages earlier this year, to
offer manufacturers a structuyred approach to
integration.

The increasing adoption of JIT (Just-in-Time)
techniques is producing an emphasis on "Supply Chain
Management” with manufacturers now looking heyond
the bounds of their own production facilities to
Vink key suppliers into the manufacturing
information system. This has increased emphasis
both on flectronic Data Intercrhange (EDI) and on
those MRP Il systems which support JIT.

JIT and MRP [I have sometimes been presented as
opposing techniques, but leading-edge manufacturers
now arcept that MRP 11 should torm the basis for JIT
provided the MRP [ system is abhle to give "instant
updating” of all infarmation, i.e. a Perpetual MRP
facility - and one of the nptions within Bu 's
HORMS packace.

Automate now

More and more companies now have both the time
and finance to embark on major manufacturing
automation projects, Bull believes, with industry no
longer so preoccupied with industrial relations and
the problems of reression. Instead, it is freer to
rancentrate on raising standards, and on winning new
markeis rather than simply holding on to existing
nnes. This qrowing interest in automation is
arcompanied by a4 more cautious approach to supplier
selection with stronger emphasis on visits to
reference <ites and suppliers’' demonstration
tentres. Although a more ralculated and in-depth
appraisal which may lengthen the selertion preocess,
it produres systems which are a surer fit for the
user and provides a strong contribution to his
business from day one.

The basis of CIM, namely computer-aided desiyn
and computer-aided manufacture (CAD/CAM) has of
course now been with us for a long time, but there
is still continuing innovation in this area.
Typical is the work done by Schlumberaer's CAD/CAM
Division whose new Bravo3 NC system, the result of
years of mathematical research and the company's
extensive graphics and machining experience, is
claimed to set improved industry standards for ease
of Tearning and usability in complex <urface
machining.

Engineers have been fed a diet of CAD/CAM for
so long, says Schlumberger, that it is tempting to
assume that parts designed on computers are always
machined easily from a common data base. Attrartive
examples have even been presented of automatic MNC
programming which could release companies trom their
dependence on part programmers, who are often in
short supply.

But research shows the reality of the situation
is far different - there is still a technoloyy gap
between CAD and CAM. Graphic interfaces have
superficiaily changed RC programming software but
the underlying software - Automatically Programmed
Tool (APT) is nearly 30 years old!

APT systems allow users to develop NC programs
for complex surfaces but only one surface at a
time; their use is time-consuming and prone to
error as the programmer has to continually interact
with the system to define surfaces.

Concluding that APT technology with its
inherent drawbacks and difficulties in lTearning and
use has reached its limit, Schlumberger decided on a
fundamentally different approach.

The result is Bravo NC. The user has to
identify all surfaces of the part to be machined,
then with this information and the tool d2scription,
Bravo NC calculates a surface, or set-up surfaces,
called a lattice representing all possible tool
positions relative to the part surface. The
software then examines the tool path and tool
geometry, eliminating all invalid positions from the
Tattice to reveal all acceptable tonol positions on
the surface; no tool motion is created until the
correct lattice has been ralculated.

With the final lattice complete, tool positions
are calculated. 1 o1 direction is indicated nn the
lattice, the sof ..are calculating the end-points nf
the projected motion. Any direction can be
specified so there are no limitations on cnmputing
single motions onver single surfaces, and the
programmer is no longer confined to cutting along
surface flow-line. used in defining the part; even
spiral or lace cuts may be calculated.

The lattice being a single item of fset from the
entire part, multiple surfaces and uouge-cherking
are no longer a problem, and are handled
automatically by the software rather than the
proqgrammer.

Enhancements and refinements ton exicting
systems continue to bhe developed and launched. for
example, Mannesmann Information Systems' new CAD
package with the 4110 personal workstation, a heavy
duty system based on an advanced 386 workstation,
incorporates Conception 30 (C30) which hnlds
40 per cent of the french micro-CAD market.
€30 includes facilities for 20 draughting and
design, 30 visualization, data base and parts lists,




parametrics and macros. It also allows for data
exchange with any other CAD software supporting DEF,
OXF or IGES interfaces. with facilities available
for connection to any CAD program, to offer a full
CAD/CAM solution. Available in both UNIX and
MS-DOS versions, a typical single system
configuration including an Al vector plotter will
cost around £18,500.

According to MD Phil Claydon the CAD market is
polarized, with high-cost systems at one end of the
spectrum, and under-powered pachages at the other.
"C3D is aimed fairly and squarely at the underserved
middle sector”.

New software is also announced by Matra
Patavision (UK), whereby any user of its Euclid IS
CAD/CAM system can access and modify designs faster
on several workstations at once, greatly shortening
lead time from initial design to completion.

The EDMF (Euclid IS Data Management Facilities)
module is the first to be developed under the
(MP/DDS Co-operative Marketing Programme agreed with
Digital Equipment Corporation, to provide for joint
development of systems and sale by either party.
Euelid IS being DEC's preferred solid-modelling
software.

With EDMF, a design can be prepared for
validation and the model! placed under control of
Digital's new EDCS II for sharing with other
departments. Engineers at different workstations
are avtomatically notified that designs are ready
for scrutiny; modifications are advised by passing
the model and instructions back to the design
environment .

Widening its PC hardware platform, MCS has
launched its ANVIL-S000 version 2.0 which extends
the capabilities of the ANVIL 30 CADD and CAM
software modules beyond the area of workstations,
superminis, mainframes and 80386-based PCs to over
100 different personal computer systems such as IBM,
Compaq and RH Machine. The subset has been
restructured to integrate easily with most operating
systems including MS-D0S, UNIX and VMS to further
MCS policy of hardware independence.

The software features a double precision data
base with all functions fully integrated. and
modules including 3D design and draughting, surface
modelling, Omnisolids, Omnifem, 2 1/20 NC machining,
P.axis HC machininag, Graphl-IV, the araphics
applications programming language, and Extended
Graphl-IV. Versinon 2.0 is available with special
interfaces and applications packages for a wide
variety of requirements. Also, third party software
developers are now writing specialized applications,
with MCS support, using Graphl-IV.

Taking on ANVIL for total solutions,
Symnads DMS, a division of RH Symonds engineering
qroup, has rombined ANVI{-50000 PC 30 <oftware on to
its own DMS (Design Manufacturing Systems) to tackle
the most romplex CAD and CAM problems for NC and DNC
applications. The combhination covers the entire
spectrum from initial design and draughting to final
manufacturing, including machine tool programming,
and results from a joint MCS/Symonds ma: keting
agreement .

A versatile software package is offered by
Renishaw - MAE Ltd., whose newly launched Papillon
is & fully integrated CAD/(AM system developed in
collaboration with SERVI of france.

0ff-line programming

Based on the British company's MAECAM 4, a
versatile, flexible and expandable CAM/Inspection
package, and SERVI's Conception 3D, a powerfu!

30 CAD system, Papillon is claimed to be potentially
one of the most powerful CAD/CAM tools yet.

A new specialized software program specifically
for sheel metal-working equipment accepting
[BM-compatible off-line programming. is announced by
Copypress Machinery, sole UK agents or Misshinbo
punch presses.

Initially, the job parameters are set out in
the program, the first task being to work out the
material utilization to determine optimum sheet size
required. The program's sheet library of various
gauges enables the operator to choose sheet sizes
and different materials, and either the operator or
the computer can make the selection. The computer
then permytates the operations required to achieve
the workpiece shape, before calculating the
percentage utilization of the sheet selected. The
ageometry of the job is then computed, the evicting
tooking is overlaid and the existing machinery
entered in the program which is then created by the
compuyter. The most cost-effective method of
manufacturing the part is calculated before the job
begins.

The software can change variables and can
create any shape of tooling to execute any job with
optimum efficiency. A violation code warns the
operator of going out of range, particuiarly uselul
when inspection checks need to be made before each
operation.

Claiming a new concept in product support and
as an invaluable aid to the design engineer, is
Kosma Pneumatic Products, a division of Drallim
Controls.

No longer will the designer have to laboriously
reproduce earh pneumatic part onto his CAD system,
says Kosma. Selection from the extensive library of
disks will place any of its range of actuators
directly onto the basic machine design.

An example of the potential huge savings in
time, the company claims, is a typical sub-ussembly
compiled from three main standard items, namely an
AHS single-axis robot unit, a pneumatic slide table,
and twin rod cylinder.

By using the CAD library system, this could be
accomplished in ten minutes. Qrawn line-by-line,
says Kosma, it rould take up to three days!

Manufacturing companies installing shop-floor
data capture systems can now extend the work of the
terminals, to ltink to CNC machines, for example, or
to given instantaneous validation of data, says<
Source Computers. Its tatest terminals incorporate
new features providing the intelligence and
flexibility to adapt to such future trends. And in
s0 doing, the company claims its new HOD Series
bridges the gap between the conventional terminal,
PICs and PCs.

They can be programmed in high-level Tanquaqe
such as “C" and Pascal, and the programs written on
a PC and downloaded to the terminals for ease of

updating. They have networking capability,
integrated bar-code readers, o full range of RS/37
serial communications and digital input and output




tactlities and other advanced features. At §£1 R7R,
their price/pertormance ratio i< said to be twice
that o! products with comparable tacilities and
tlexibility.

The latest Tink in the Pathrace CAD/CAM chain
is Pathway, a new industrial networking and DMC
system. It is aimed at enhancing shop-tloor
communications and maragement information.

Linking up

Historically, linking computers with machine
tonlc has treated difficulties in terms of overall
integration, but Pathrace claims to have overcome
the problems with a DNC controller and tndustrial
network. [t not only provides etfective links
between difterent machine tool controls and CAM
terminals but can al<o provide access into other
networks.

It is suitable for a spread of applicaiions
from a single machine link-up to systems with
100 controllers. In its most basic form, it
comprises a small rugged industrial terminal sited
adjacent to the machine control, from which cabling
in twisted pair, co-axial or fibre-optic. connects
the terminal to the CAM system, enablir DNC with
capacity to store and edit long NC programs.

for more comprehensive arrangements, a slightly
targer, more intelligent terminal is used but with
the same simple instaliation and operation. I[n this
instance, Pathway forms what is really Distributed
Humerical Control, with text and graphics displayed
on the shop floor. It also allows too) oresetting
and the easy integration of other systems. And.
although it is less expensive, it can integrate with
other powerful networks like Ethernet, SMA and MAP.

Indeed, the UK market for DNC is expected to
grow to around £35 million over the next ten years,
says David Welsh, general manager of Symonds DMS
which markets and supports a range of CAD/CAM and
DNC systems - with the ONC business gruwing by far
the fastest. '"the qgrowth of DNC is undoubtedly the
future in UK manufacturing", he observes, "as many
romp.-nies have already invested in stand-alone
(AD/CAM systems but are frustrated by the automation
gap between these and their shop-tloor machine
tools".

With its ") Net" DNC system, the company is
moving fast and already has installations througnout
UK manufacturing industry including Rolls-Royce,
Luras Aerospare, and GEC. It is a fully integrated
system based on the Fthernet protocnl whirh can be
interfaced with all popular (AD/CAM and parts
programming systems for direct machine tools rantrol
at shop-floor level.

The system tocuses on a central Pl -based
prograrm library and shop-fioor-based "network
stations” intertaced to the various machine tools
rontrols, a program library allowing machine tool
programs to be loaded or down-loaded at will.
(ontinuous manitoring is another facility enabling
larger users to monitor their machine shop

effiriency and whether machines are actually running.

For RWT also, ONC is "ne largest growth market
and the rompany is conrer.rating on shop-flonr
systems inteqgration from simple, two-way entry-level
OMC through to full FMS control packages for qgroups
or cells of machine tools.

Products range from basic systems based on PC
equipment through the 6000 <series inrorporating
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Marhine Data Capture (MD{) and Shop Floor Data
tapture {SFDC) up to the full screen system with
abilities to transmit graphic files from CAD systems
to the shop ficor directly. Also in the products
inventory and integrated with the DML is
Manufacturing Manager., a finite scheduling softv.re
system which can be centigured te accept input from
any MRP-type system and outputs tinite schedules tar
immediate shop-floor use using real-time data
collected from the SFDC systems. User interar ‘on
via a graphics intertace makes it ideal for today's<
implementation requirement.

From Tetra Business Systems, Chameleon in
Manufacturing is a fully integrated software system
incorporating manutacturing control, distributinn
and accounting modules tor operatior in a wide
diversity of industries. Production modes supported
include "make to stock"”, "zssemble to order”. and
jobbing environments and handling every stage trom
forecastinag and planning, through procurement,
production and completion to dispatch and invoicrina.

Contemporary features like automatic
backflushing, bar-coded electronic data capture and
bottleneck analysi~ ensure the system's capability
to operate JIT and ODptimized Product Technology
techniques as well as the more traditional MRP and
M.ster Production Scheduling.

Claiming to make CIM affordable for companies
wishing to implement manufacturing rells with few
resources other than their own production engineers.
is CIMPICS, a computer-based rontrol system based on
a single common data bhase, from Refler Manufacturing
Systems.

Configurable to suit any level of fa«tory
avtomation, it is claimed to make CIM economically
effective no matter what the scale of operations,
whether batch or serie. manufacturing for individual
cells or complex machining areas. tnco-ordinated
manufacturing processes can result in Work-in-
Progress {WIP) items spending considerable time idly
waiting, but the Reflex Area/Cell control ensures .
that all the short-cycle benefits of the JIT
approach can be applied within an overall MRF []
plan to cut WiP time to a minimum, reducing order
completion times and unit costs and yielding a real
advantage from more effective use of resources.

Maintenance 15 a3 previously somewhat neqglected
area now being recognized at last as an essential
element in the production support area. It
therefore needs effective control to obtain the hest
return on investment, and specially developed for
the purpose in MATNPAC from (ruirtshank Management
Resources.

A menu-driven computerized maintenan: s
management system controlled by multiple level
passwords, it incorporates the conventional features
of Plant Reqister, PM Schedules, Work Orders plus
[nventory Manaaement, Condition Monitoring, Shutdown "
Planning and a range of separate utilities embraring
downtime analysis to export of data. The user ran
schedule maintenance based on calendar or runtime,
Areakdown, repai: and modification work as well a-
planned maint nance can be rontrolled, qgiving o
complete picture of the work requirement at any time
and a full job history. The Kit list and Plant
Spares facility inteqgrates the maintenance aspect
with the Inventory Management module, which as well -
as stock control incorporates purchasing including
automatic qeneration of purchase requisitions.

The Condition Honitorin? module for predirting
ly qgenerates wnrk

likely hreakdowns automatira




nrder= within the maintenance module when an alarm
condition 15 rearhed. 0Data can be readily
transterrved tuv uvther associated systems, for example
prodaction planning. so that time for maintenance
can be allocated within the production plan.

Comprising seven intearat‘d mcdules which
combize to handle all the maintenance requirements
for site, as varied as manufacturing plants,
petrochemical compleves and electrical and gas
utilities, MAXIMO. PSDI's computerized plant and
facilities management system, provides preventive
and corrective maintenance.

Easy integration

Running on IBVM PCs and compatibles and
operating on local area networks (LAN), it includes
data base ronfigurations, screen editing,
communication ytilities. security systems, inventory
rontrols, automatic work order tracking and
equipment history. It easily integrates with many
nther automated applications and software packages.

t amac Systems ‘“urope) claims to he the first
UK company to develop maintenance management systems
tor Pis.

Its Delta provides for work scheduling and
control, resources control, defect analysis and
stares and purchasing. [t also includes a limitless
asset of structure oar detailed preventive
maintenance planning and a menu-driven report writer
that allows instant access to any information in any
format. Alpha, dv-signed using the same powerful
data base, gives the smaller maintenance function
the too's necessary to get started.

Liaisons with other factory floor systems have
resulted in interfaces with condition monitoring and
plan. monitoring systems and hand-held data
collection devices.

Several major Britich companies have invested
in the specialist information technology of
Osprey's MAP (Maintenance Administration and
Planning) package for IBM mid-range equipment. for
example, British Aerospare at Filton, one of the
first to adopt the system, have found an increase,
from 45 per cent to 81 per cent in completed planned
maintenance, covering almost 100,000 hours of
maintenanre in the year, double that previously
rontrolled by the department, with rlerical wnrk
redurced by 50 per cent.

A computer-based system for monitoring marhine
toal performance adds little to the cost of a
typiral installation, says Clover Computer Systems,
but has significant impact on its value if one puts
A price on the customer's peace of mind! [Its Infact
system, already proven in applications from tank
tevel monitoring to energy management, i< now
enhianced with a new ver<ion developed specifically
for the machine tools sector.

flover believes it has bhig potential as a
service/maintenance aid throuah its ability to
moritor remotely. The system comprises various
rssential elements - an [BM AT compatible PO,
vunning modular software and supporting (AN to
contrnl mirroprocessor-hased ontstations, [t is
within these that its main intealligence is lorated,
providing a capacity which, it is claimed, has so
far only been available on <ystems dependent on much
larger computers.

[te ronfiquration allows response to a
hreakdown very quickly, says (Jover, sometimes even
hefore the user has realized a fault exists! Also
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its data-log tunction for analysis of previous
readings of analog values, counts and times. can
track a sequence of events lteadina to a breakdown.

Designed for maintenance departments which
often have little or no computer expertise, Mercia
Sottware has launched its Mainsaver/DEC and
Mainsaver/400 computerized maintenance maragement
systems for the DEC/VAX and IBM AS/400.

Described as truly turnkey salutiens in the
minicomputer range, they are meny-driven with easy
access to a relational data base, require minimum
set-up time, and have their own electronic service
and support to minimize user statf requirement.

Six basic modules cover Work Order. Buduet.
Maintenance History, Inventory, Purchase Order and
Preventive Maintenance, each operating as part of an
integrated system and created to cover specific
problems of maintenance in cost reduction. contrnl
and cost avoidance. Monthly reports covering
statistics, graphs and costs for the maintenance
manager are also provided.

Said to be the first system to be developed for
ali project managers, whether for small, simple
projects or large complex ones, PLANTRAC II from
Computerline i3 claimed as the most versatile nroject
management package available. It incorporates over
20 years' experience in project management sottware
across a wide diversity of industries.

Three levels

Three levels of operation - Easyplian, Guide,
and Direct ~ provide a comprehensive operational
style to suit a variety of industry conditions,
management style and expertise.

Distributorship for Mucleus Software Systems’
specialist supervisory control and monitoring
software package, Dexterity, has been awarded to
Supervicory & Industrial Process Control. Suitable
for a range of industrial environments such as
process control, automation, materials handling and
production line control, Dexterity is a configurabie
system with proven communications protocol between
FLCs and computers from the Commodore/Amiga to
DEC/VAX, plus communications with S & IPC's Micen
range of process controllers.

A tatal solution which includes a GA computer,
shop-floor data collection terminals and PM Plus
software, is General Automation's production
monitoring system. Modules include machine
monitoring, labour tracking, job tracking, material
uysage analysis and quality analysis.

A wide range of intelligent machine status
terminals for different manufacturing processes are
available. Linked either by cahling or fibre-nptics,
depending on shop-floor conditions, to the GA
computer, they enable instant analysis of current
job status, shop-floor problems and conditions,
facilitating machine allocation planning and job
scheduling, and data on production rates, cycle
times lau?t analys’s and work-in-progress.

Local area networks (LAH) have already been
mentioned, and Softklone UK has just launched it-
Mirror LAN version of the Mirrar 11l communications
package.

kith the program, users can arcess local or
remote mainframe or minicomputers, View-data and
messaging services, electronic mail and many ottier
on-line services without the need for a dedicated
modem and telephone line for each works.ition.




As a quide. prices start at 2695 tor an
sight-workstation version, byt individual customer
requirements van be priced either by port or
workstation configuration.

As to the future, Feter Morris, director.
Manutacturing Automation Group. Bull HMN Intormaticn
Systems. torecasts that with the demend tor Open
Systems acvelerating. it seems likely to become a
universal requirement in the 1990s. Key concepts
within this approarh will continue to be the 0S1
model for computer communications and the UNIX
nperating. two key areas where Buil has a
lTong-standing major commitment.

The need to link MRP II systems to the shop
rloor wili aive a turther boost to Open Sy<tems over
the next tive years. with sites such as Tummins
fnaines. tor evample where Bull! software is linling
an IBM host to vhop—tloar robotics based on Siemens
and other suppliers' equipment, becoming common.
Alco. today's manutacturing systems demand far Tess
in computer skills than those systems of just
five years ago. and by the mid-1990s even less data
precessing expertise will be needed. partly due to
intensive work te create user-tfriendly intertaces by
the computer industry. and partly because a areater
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proressing power at all levels wili promote/enable
user—friendiy sottware without draining processor
resources.

Morris also foresees a growing number of
manufacturing data base mancgement systems
incorporating core tunctions such as MRP but with
many applications, e.g. purchasing. srhedul ing,
hived—off into satellite environments as with Bull's
mini-computer-based HOMS MRF Il system where the
management module rurs on a PC linked into the main
system but supplies such classic PC facilities as
spreadsheet and graphics. He also believes that
re-usable code will prove vital in lowering
development costs tor bespoke projects, and Bull in
tart claims a signiticant advance in this area.

Of <imilar importance in heeping costs down is
the concept of increased modnlarity, Bull's new
AMIPS set of modular packages far examplie, offering
users the ability to build what is. in effert. a
bespoke solution.

Increasing resistance to the high cost of
customized projects locks set to force such
developments over the next five years. (Source:
Metalworking Production. Hovember 1989}




- a0 -

S. HOW 10 SUCCEED AT CIM

Less than ten years ago, computers were thought
to be the cure-all for lagaing production and other
shortcomings ot US industry. Overseas rompetition
was rapidly ernding cur mansfactyring superiority,
and we were scrambling to regain lost momentum. To
reverse this trend and keep the US competitive in a
global economy, a tew bold industry leaders
attempted to meld computer *echnology with
manufacturing technology. The result is a new
approach to the tactory ralled computer-integrated
manufacturing, or CIM.

Though hardware systems were easy to construct
and software systems were easy to write, serious
interface problems eften arose when the two were
integrated and applied to a real plant. De-pite
diffirultiec. some (ompanies managed tn a-semble
surcessful mannfacturing cells, while a few others
achieved total company-wide CIM. Significant
proygress hac been made over the past two sears in
the tech.ology aud in understanding requirements t¢
achieve successful CTH installations.

What is CIM?

In its broadest interp:ietetion, (IM s a
totally new way of doirg business that changes the
way people work. More “han a technology. CIM
combines every element of a company's busine<s sytem
with the productior pricess in a special w2y. From
order entry. through design and manufactiring, to
the shipping dork, the transition from tactory
aytomation (istands of automation) to CIM is a
change from the contro: of machines to the
manipulation of information and data.

Major goals of CIM include maximizing
autorated precduct design and assembly, tas}
reduction, 100 per cent uptime of produrtron
machinery and processes, and minimum product
handiing. Additional goals are reduced inventory,
just-in-time shipments, high-quality produc’s.

.'d a paperless factory.

A great deal of experimentation and heavy
investments in manpower and facilities have beer
undertaken bv several companies to bring industry to
the present state. The 19805 was the decade of
discovery and enlightenment, and CIM projects
produced A wide range of results. Some
manufarturers achieved large cost redurtions and
higher profits and throughput, while others qot
little improvement, or worse, lost money.

In many cases, successful rompanies enjoyed
benefits that exceeded initial gnals. for example,
e perts report that produrt lead times frequently
dropped by nearly 50 per cent, product delivery
improved from 50 to 70 per cent, and inventories
shrank more than A0 per rent,

The difference hetween sucress and failure (or
modest bhenefit) did nnt depend on cempany size and
resources, but on the approach taken to plan and
implement (IM. Over time, several hkey fartar. and
guidelines have evolved that must he ohserved wher
considering a (IM installation.

For a truly successful integrated CIM system,
one vendor cannot do the entire job. A profitable
(IM installation requires a team of vendors, each
expert in some area surh as controls, system
integration computers, and third-party application
snftware. All vendors need to work together to make
the customer successful.

Sometimes an oitside company will a<sembie the
teanm and assume total responsibility for the
tnstagliation. This takes pressure otf the rustomer
to ensure that the four or tive ditferent vandors
are interfacing without probiems. Finaer-pointing
is elimirnated 1f one or more of the vendors do nnt
get their part in mesh. The team works tngether
under the group leader for the benefit of the
rustome -.

Setting up a CIM system

Experts rlaim at 'eas® tour major step; are
involved in the strateatc plannine proress ‘o
install (IM_ Such planning is na small iob and must
be done by top management. Management must
realistically address major aspects of the business
such as pred ct cost, margin, quality, <ize of
product famiiy, and similar tasues.

ihe tirst step requires establishing long-term
geals. Heav, investment is needed in the technoloagy
to cirry off a CIM program. Return on inrvestment
(ROL) compu*ed from short-term gnals cannot be
justified 1n traditional ways as was done with
machines. Long-term goals are essential for some
companies just to ensure they will remain in
business and be competitive cver the next five to
ten years.

The secand step requires an action plan. Bot!
short- and long-term goals are managed over a time
frame that will not seriously disrupt established
day-tn-day business. The people needed to help
create the functional specification that determines
how the plant is run can be reassigned withir the
company, or outside consultants can be used. It is
frequently difficult to reassign personnel to the
planning phase (or even implementation phase) when
they are needed to run the daily business. Thus,
consultants can be used with the added benetit that
they may be more nbjective in carrying out the tasks
than the full-time employees.

The third step invaolves selecting the data
system architecture. One nf the most important
elements of CIM is the system’s ability to rollect
and distribute information and data through the
entire company. A completely synchronized
communications system depend< an standard r:les tn
ensure rompatibility amnng the various autama®ed
operations. and hardware trom different vendors. An
evample of such a standard i< the Manufarturing
Automation Protornl (MAF).

The fourth <tep i~ tn infarm the entire
technical and managemen?t <taft of the strateqgis
plan. Their commitment and <upport are essential of
the plan is to succeed.

FTask levels

FIM ran be viewed as the integyration al <wuseral
Tevels of activity taking place in a sinqgle plant.
Earh level provides a unique function that in <nme
way depends on another level.

Thers are many ways to describe the differse ¢
tevels and the relat’ -1ships among them.
Allen-Bradley, for example, uses a systems approarh
that combines five operating levels into a <ingle,
seamless automation system. A standard
communication network ties all levels together, from
the nainframe computer to the lowest levenl
cortroller at the factory floor.




The hiaghest Tesvel in the hierarchy is the plant
teval. Its tunction is *te hardle overall strategre
planning and evecutron ot *he plans using the
matntrame computer. Two-aay broadband
tormmunications Tintk the mainframe with all lower
tevels using internatinnally arreptad <tandards sich
as HAP.

Hevt i1~ the centre level where integration
tates place between industrial contrels and
management compiuter<. H-re produrtion e
scheduled. and mananemert 15 nrovided with
tntrrmation trom tower Yovels, surh as cell
snantrallers. Management compulters alyo monistar and
supervise lTower lev-ls, analyse data. and reonrt te
higher tevel romprters,

The cell or super.isory leyel connestc data
procecsing «1*h planrt_fTaar coantral. Again, with
the halp at rompater<, nrada tion flow B
ra-ardinated among *he Larious steitens. Hardaare
at thiq Tevel! spidudes - cilorantrnl Systems
programmabie logic controllers, graphir< systems,
and dingrta? 4] (A8

Sumertcaloinntral o vntems,

Fourth 14 the <statvan level where romputers
innticaously monitor the machinery.proress Tevel and

Thange antpots doonrding Yo cnrwmands from higker

te,ela. Statipn-le.el doyires rontrol and monitar
production While repert:na ta the next ievel.
Frogrammah’e rontrallers, L icion gystems,
inteliigent maotinn rentrollers, and drive wystems

Are amanag *he companent < found hore.

The titrh Tovel | the machinery. process level |
*n where the and product 15 artually mad. . Sensors
srehoac Timit qwitches, pressure and temporature
rentrols . and encoders respond to upper level
cammands . contenls and indicator- include
pushhuttonc, modalar aytnmation caontrollers. and
intelligent panel <ystems.

P ngtr

Flements of the plan

faperts observe that a profitable ZIM system is
tomprised of at Jeast five major ingredients:
peaple, information, proresses. machinery, and
cromputers. The order does not necessarily imply
rank, nor i< the list universally accepted. And
each aof the major elements contains subsets that are
rezngnized in none form or another as tasks or
tunctiong in the nrganization.

People: Most experts agree that the most
itmpaortant element in making ('M work i< the
uncompromising invalvement and rommitment cof top
managemen? . This is essontial tn provide new path-
hetween departments, rut unnecessary paper work,
evpedite tasks, approve budgets, and reassian
personnel,  These managers are respon<ible and
Arcountable far the entire praject.

A task farce with a <trong leader is alin
needed.  This is a qroup of peaple who are
sinale-mindedly dedicated to the CIM projert.
are drawn from within the organization and are
skilled in the discriplines needed to as<ist the team
nl vendars. It i< impartant that these people
remain separated from the mainstream of everyday
problems, even if 1t requires moving their oflire or
workplace tn a new location.

They

Information: The nevt element, information, is
the key resource in the automated factory, ranging
from input/output (1/0) 4ignals to complete
~chedules and pracess plann. This information alsn

intludes the traditional management information

RA

system (MIS) ard the data base managemen® syster
1D8MS Y .

MIS and DBMS sheuld be made available to all
tunctional departments within the company.
Tsceptions, ~f ccurse. are certain personnel records
4and payroll data that can be easily restricted to
those with 3 need to kncw. Setting guidelines and
providing means %0 integrate departments. snrually
at first. allow easy transiticon %o integration of
marhrnas anrd computers. The entire sy<tem ran then
be networbed with electronic data higchways to
provide real-time intormation *o an, department that
requires -°

Precesses: & (IM manufactyring environment
tontains four btey tunctional entities that teed the
product “on proces @ computer-asded design draftinn
1CADD), computer-aided wmanufacturing (7aM: | material
review pracedures /MRPY. ard data base management
systems.  The way thaose technglogies are combired.
however. i1s urique “n the company and depends or
both the product and the .olume. For evample. a
manutacturer of printed-circyit boards «t11 have a
ditferent configuration *han a rompary tha*
mangtactures qear pumps.

A wide variety of CAD pactbages 15 available
today. The job of selecting the right ane requires
a carefe) analysiz of individual needs. 2D
snttware prices rarge from several hundred dollars
to $V million. anrd vary just as much in capability.
Some TAD packages. for example, have special
features and other proarams such as finite-elemeon®
analysis that make them a powerful tonl.

CAD cystems are not neressarily faster than
pencil and paper, but their value lies more in
torcing the destgner to adhere to a set of
standards. The standards are usually part of the
data base and free the designer from always starting
with a blank sheet of paper, often spending time
drawing a nunstandard part that must be reworked.
Perhaps the most important feature is being able to
download drawings to the CIM system for
manufacturing without the need for paper at all.

MRP software is available in standard packages,
or it can be custom designed for an operation. Ffor
an MRP system tc be successful in a CIM
instaliation, it must first be surcessful in the
present business. [f material tlow is a hottlenerh
now, 3 computer will not straighten it out or handle
it any better.

The factory flonr must be thoughtfully
organized. standard procedures must be followed hy
everyone, and the data base must be up to date.
Though this may sound obviogus, these basic
requisites are onverlooked or ianored all too
frequentiy in factories that have grown in modular
fashion over the years. Manufacturing pro.esses
must be completely reliable in the way they are done
manually bhefore they ran bhe automated.

Almost the same can be <aid of the DBMS. Some
DBMSs have heen useful while other< have raused
additional expense. The data base must contain
reliable and accurate data. [Information and data
muyst be immediately available to the user, and they
must be continuously and automatically on line for
the CIM system.

The CAM system must he flexible berause
demands, products, and resources will change, and
product 1ife cycles will shorten. All these needs

must quirkly adapt to the manufacturing system.




The amount of flexihility depends on the nature
of the manufactured product. For example, a line
set up to manutacture as many as 35 ditferent
printed-circuit boards with an average lot size of
2% will he different from one that produces
10,000 parts< ot only three ditferent
configurations. However, both lines need
Flexibility.

Machinery: Analysts have found that a
workpiece spends only about 5 per cent of its
production time in a machine tool. Also, most
machine tocls ere used only about 6 per cent of the
time. Furthermore. 95 per cent of production time
is spent just moving parts and raw material threugh
the factory and waiting. Thus, there is great
incentive to increase machine uptime. Experience
has shown that sn integrated system that ties into
the MIS car increase machine uptime, reduce
inventory to nearly zero, and meet just-in-time
manufacturing needs simultaneausly.

-
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Computer: Computers used in a CIM installation
are placed at all levels ot the manufacturing
operation. Embedded micreprocessors are found at
the factory level in intelligent drives. PLCS are
used at the station level, and PC systems are
managed at the cell or supervisery Tevel. The
maintrame computer at the centre level integrates
planning and scheduling from the plant Tevel with
information and data from control and management
computers. However, intelligent controls, FLCs, and
PCs of various complexities can be found at almost
all of the lower three levels.

These computers monitor processes and trends.
marage alarms and data, and generate reports.
Process variables are monitored continuously,
compared to set-points, and set off alarms if limits
are exceeded. Application programs make appropriate
adjustments, or alert operators or m3intenance to
correct malfunctions. (Source: Machine Design.

26 October 1989}
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6. RESEARCH AND DEVELOPMENT

Implications tor developing countries

CIM technology otters a powerful weapon for
tackling the rarge of challenges facing
manufacturers. firms in developing countries (and
tn many developed countries) have to overcome
signifirant difficulties in moving away from
discrete applications of prograsmable automation and
towards integrated solutions. These include
problems ot high cost, lack ot skills, lack of
suttable terhnology (or. often. suitably contigured
and packaged technology) and a supply market that is
still maturing.

For this reason, it is argued that firms with
limited resources and experience - surh as are
likely to be found in developing countries - should
concentrate at the technological level on
well-proven programmanle automation applications
(such as {NC machinery., low-cost computer-aided
design, Tow-cost production management aids and
basic micropiocessor controls for process
operations) and use these to enhance flexibility,
quality and productivity.

In some cases, the technologies will prove
important in removing several production
bottlenecks, in saving scarce natural and energy
resources and in making up for specific skills
shortages. In the long term, it is likely to prove
essential that firms in a wide range of developing
countries adopt some of the technologies. First,
the technologies would help firms advance along the
learning curve. Sc_und, the technologies would help
develop local capabilities in determining the most
appropriate applications, thus contributing towards
the development of national technological
capabilities.

The adoption of such technologies may, however,
carry social costs. Job control, job boundaries,
skill requirements and employment levels are
altered. Adoption of technology in any context must
take into account both the market requirements and
the social costs.

At the same time, attention should be paid
to the range of organizational innovations which
m3y be more appropriate to the constrained
circumstances of many developing country
manufacturers. The contribution of such
innovaiions - which require primarily investment in
training and reorganization rather than in new
technology - can be significant, especially in
dealing with some of the fundamental problems
confronting developing country manufacturers. The
following table indicates how just-in-time and total
quality control approaches might address many of
these problems.

Table 1. Potential contribution of organizational
innovation

Just-in-Time and Tota)

Problem Quality Contronl Improvements

Multi-function workers take
responsibility for several
machines and move to where
the work is. When demand
is <lack, workers can .rry
out maintenance or e ality
improvement projects.

Under-utilization of
workers and equipment

Interior quality TQC prograsmes aim to
improve all aspects of
quality. The low
inventories in JIT
prodiction mean that quality
becomes visible and problems
are picked up at an early
stage.

Multi-function workers and
short set-up times smooth
flow and reduce lead times.
TQC means fewer stoppaces
for quality-related
problems.

Unreliable and long
times

TQC and working in small
batches minimize scrap
production.

High scrap rates

Multi-function workers
include maintenance as
part of their task.
Planning allows for some
production time to be
spent on preventive
m3intenance.

Foor and inadequate
maintenance

Shortages of raw
materials

Scrap minimization helps
conserve these.

Simpler machinery, quality
and production management
reduce demand for high-level
skills. In addition,
multi-function workers will
acquire different skills
through training.

Shortages of skilled
workers

Lack of appropriate
supervision

Less supervision is required
with smoother flow and
smaller batches. In
addition, responsibility for
production management,
quality, etc. is devolved to
milti-function workers.

Small batches expose quality
problems; TQC tackles al)
aspects of these prohlems.

Poor quality control

Better use of resources
{space, inventory,
labour, etc.) together
with stable or higher
output and less scrap,
results in higher
productivity.

tow productivity

The key then here is that in each area of
manufacturing activity there is now a range of
choice of improvement opportunities. These range
from predominantly organizational changes - where
the investment is in human capital, via training and
support - to different levels of automation and
computer support.

For example, an activity like maintenance can
be improved by:

(a) Reorganization of production and training
of individual operators to carry out basic
preventive mai~tenance (as in the just-in-time
approach).




(b) Investments in mainterance cratt training
to develop and augment skills.

(c} Use of a simple computer system (F(-based}

to improcve maintenanre ve:urd-keeping and <upport a
targetted preventive maintenance piogramme.

{d) Install Computer-based monitoring
equipment to record inforwatior about machinery
status, performance and utili_ation tn improve the
maintenance data ba-e.

(e) Intearate real-time cendition monitorrng
of key parameters (suth as tcol wear)! with machine
and pracess control svstsms. Implicit in thi<
approarh is a gradval increase in cost. romplevity
and integration byt with a corresponding increase
in the level of zontrol nver the activity.

Similar choices ~ ist, for example. in energy
ma,agement . Here the <tages might include:

(a) Use of simple micrcelectronics-based
monitoring eqeipment to record energy censumption
en various ittems cf plant ard equipment .

th) Use of computer rontrol systems to
respond more arcuyrately to varying energy demand
and optimize their u<e through accurate and fast
cantral ot plant and equipment .

(¢} Distribution of monitoring system arross
the entire manufacturing facilities. to provide a
tota! picture of energy consumption. lise of
computer-based analysis ran celculate where loads
ran be mcre evenly balancred. allowing overall
reductiong in costs.

{(dy  Integrated energy management systems
which use a central computer linked to such a
monitoring and analysis network and which
ralculate control instructions for individual
ptant controllers <o as to optimize energy use.

Once again, the patter.. is of a step-by-step
appreach to the problem using a combination of
hardware, software and organizational change - in
this rase, in the way information is rollected and
used.

fte same approarh can be applied throughout
the manyfacturing facilities and in all areas.
Far example:

{a} In machining, where the progression
might be from retro-fitting microelectronic
tontrols to existing machines, then investment in
N, then intp Tinked DNF <ystems and finally
flexible manufact-ring and robotics.

(b) In process rontrol, where it might
involve ratro-fitting electroaic monitoring, then
retro-fitted rantrols nn key parameters, then new
plant with integrated monitoring and control loops
and tinally integrated network rontrol arrnss the
entive far‘lities.

tc) In production management , where basic
rearqanization and rethinking rould ne followed by
information support systems hased on loe -rost
computers (for example, in stork control) ond
leading qradually to integiated modular <ysteans
surh as MRP.

In eparh case the principle is one of
step-hy-step progress within an nverall strateqic
tramewnrk. Farh increment of rhange i5 important
not only in providing direct benefits bhut in
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establishing the foundations {organizaticnal
learning. infermstion availability, skill< and
experience, etc.) for the ne«t.

This is not to suagest that developing
countries ~hould not be aiming for tull TIM in
their strateqic planni~g. Rather. such strategies
shoyld be based on an incremental progress’on from
organizational integration with relatively Titsle
emphasis en technoliyy. towoerds more advanied and
integrated technological solitiens. The degree nf
CIM required will depend upon the marbets in whirk
the tirm is attempting to seli the competitive
pressures and the trade-ott with facter prices and
social costs.

This prescripglion is similar to that
advocated in the indestrial rountries. The
message of "simplify, integrate, then
computer-integrate” retains its validity altheush
it might be slightly aitered tn "simplify,
integrate then, if necessary or if advantagenus -
computer-integrate”. The advice given by early
users of advanced and iategrated sustems.
stressing evoliytion rather than revolutian,
vertainly has amuch tn commend it.

This recommendation is kcrne out in the
foilowing figure which derives from the eeperience
Ggained in implementing many advanced and
integrated manutacturing technolovie<. [t
iliystrates that the degree of risk, ro- U and
possibility of failure increases considerably a<
firms move towards integrated configuration. [The
message is again to adopt ai. incremental approach,
building uvpon organizational improvements and
proven discrete applications ot proarammable
automatior and qradually building towards
full CIM. One advantage of such an approach, if
successful, is that the savinos generated by each
stage in the programme car be used to fund the
investments necessary in the next.

Figure 1. Stepwise approach to advanced integrated
manufacturing
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by John Bes<ont and Howard Rush from the (entre far
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UNIDO report
Benefits of CIM

At tir<t sight. the evperience of early users
of even partially integrated systems - islands of
fIM - appear to ror.firm the promise of substantial
benafits.

Consider the tollowing examples:

{a) In research on flexible manufacturing
<ystems {(combining produrtion and co-ordination
<pheres in the metalworking engineering sector), a
<tudy of more than 50 cases covering a wide size
range highlight major benefits for all users. as
Table 1 indicates.

Takle 1. Benafits nf FMS use by company size

Size of tirm Lead Work-in Machine
{Ho. of employees) time progress utilization
(WIP)

{Percentage)

1-500 -66 -65 +45
501-1,000 -6 -63 50
1,000+ -B6 -10 +5¢
Average -74 -68 +5?

(%) In the Rolls-Royce Advanced Integrated
Manufacturing System (AIMS) project for the
manufacture of turbine blades, benefits included 2
reduction in lead time from 26 weeks to 6, a
reduction in overall inventory of £4.6 million and
an increase in labour productivity. The whole
system cost §4 million and was paid for out of the
inventory savings achieved in the first year of
operation.

{c) One large manufacturer of men's shirts in
the Urnited States reported total savings of more
thkan $10 million in seven years as a result of
introducing (AD/CAM for grading, marking and
cutting. Hearly a third of these savings came from
4 reduction in direct labour, another third was a
result o! the increased utilization ot piece gonods
and the remaining third came from a combination of
reductions in indirect labour, transportation, idle
spare utilization and various supply items. [n
general ., it was found that firms in the clothing
industry that had ‘ntroducred CAD/CAM evperienced
hotween 7% ana A0 per rent direct labour redurtion,
1-2 per cent savings on fabric, 70 per cent
redurtion in training time and throughput savings of
0 per cent.  Sianificant downstream savings in
as~embly vime were al<n reported as a result of more
Arryrate rutting,

[t is aisn important to recognize that other
benefits accrue from investments in AMI which may be
intanyible but which still make an important
contributien to rompetitiveness. For one user of a
Targe integrated <y<tem, these included:

{a) Improved control and -educed disruption
upstream and downstream of the FMS;
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(b) Ability to react quickly to required
modifications or product changes:

(c) Ability to handl~» pre—production (R and D)
batches under preduction co-diivons:

(d) Improved control over materials handling;
(e} Improved company image.

(f) Enabled introduction of multi-ckilled
working.

However, a number of problems make these
benefits difficulit to achieve and their incidence
rises with the Tevel of integration attempted. As
has been seen, this pushes firms towards strategies
looking towards investments in discrete rather than
intanrated systems, at least in the short term. A
recent report for the British institute of
Management makes the point that although firms have
made investments in AMT, these have not always been
successful. In one sample of 64 plants that had
invested in some form of FMS, more than two thirds
had so far only achieved low payback, while cthers
using CAD also felt that they were not getting the
best out of them. Table 2 presents some of the data
from this study.

Table 2. Payoffs from advanced manufacturing
technology (Base: 250 firms)

Technoloay Zero to low payoff Moderate to high
(Percentage)

CAD 46 54

CAM 46 54

MRP 19 81

£MS 67 33

Robots 76 24

(Source: British Institute of Management.
Cranfield, 1986)

Inevitably, this has led firms to revise their
investment intentions downwards and away from the
more complex systems technologies. Too much should
not be read into figures of this kind, but they do
demonstrate that moving to integrated configurations
of technology raises a numher of questions. Despite
optimistic market forecasts and the promise of
roncsiderable benefits, a growing mond of raution is
riearly developing among potential users. This
emerqges in the apparent slowdown in investment, in
romments in the trade press and in a growing
cynicism about much of the supply industry. [t
reflects, above all, a disenchantment with AMT'<
ability t» deliver the henefits promised. There are
<everal examples of costly failures and of systems
working at a fraction of their true potential.

Although firms would rather not publicize their
failures, 'L is instructive to consider them since
they coniirm the view that realizing the potential
benefits offered by advanced automation is not
alway. a simple matter of making the decision to
invest,




Examples of major projects gone wreng a2rve:

(a) The GM Saturn project. where performance
expectations have been dramatically revised
downwards despite massive investment in
technologies and the acquisition of a key
systems house to provide the necessary software
support ;

{b) The Computer-Aided Production Management
facilities of the bicycle manufacturer TI-Raleigh,
where the changes in computer control systems not
only failed to produce improvements but caused a
serious loss of production efficiency.

Esen where systems do work, it may tane
several years to learn to use them well enough to
explioit the scrt of gains the suppliers suggested
were pcssible. For example, in research on CAC, it
was found that it tcok firms an average of two
years to achieve "best practice” productivity
gains. In another study on 44 robotics projects,
half were abandoned before completion. A study of
CAPM in the UK pointed out that "evern advanced CAPM
users have difficulty in understanding how best to
use the numerous CAPM control variables (especially
in combination) . thus. they are not getting full
benefit from CAPM systems”.

These appear to be symptoms of a negative
reaction to the massive injection of AMI, which was
supposed to make the manufacturing “"patient”
better. One of the most significant points now
beginning to emerge is that technology alone will
not solve many of the fundamental problems present
in factories. It is argued strongly that there is
no point in putting in sophisticated computer-pased
systems into factories that still operate
inefficiently. As one interviewee on CAPM put it,
"When you put a computer into a chaotic factory the
only thing you get is computerized chaos!'"

To add to this criticism, the evidence trom
those firms that have implemented organizational
innovations such as Just—-in-Time has been that they
not only improve performance in areas like
inventory reduction and quality management but they
also help reorganize and simplify the overall
operation. Careful analysis of the root probiems
and the key areas for improvement have shifted
attention away from traditional targets like direct
labour costs towards materials management and
overhead reduction. It is argued - by users and
consultants alike - that on the back of such
simplification and organizational improvement,
advanced technology stands a much better chance of
surceeding.

An illustration of this can be found in the
experience of the Digital Equipment Corporation in
implementing a major CIM facility in Clonmel,
Ireland. Although this was planned as a
technological innovation and, five years on, is
venerally regarded as having made a significant
contribution to improved performance at the plant
arross a range of indicators (such as productivity
qgrowth, stock turn, inventory reductions, lead time
reductions and quality improvement), the plant
director views the major benefits as having come
from nrganizational learning. He identifies
several key lessons which the company learned
intluding the need to "simplify before automating.
Most people who get into difficulties with
investments that do not realize their potential do
s0 because they try to automate their existing
operations. Information technology and automation
permit new and simpler ways of doing things”.
(Extracted from a UNIDO document [IPCT.70,
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13 October 1988] "Integrated Manufacturing” written
by John Bessont and Howard Rush from the Centre for
Business Research, Brighton Business School. U.K.)
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ESPRIT's news on CIM

ESPRIT (European Strategic Progress for
Pesearch and Development in Informsticn
Technology), the largest research and development
programme sponsored by the European Community, has
2chieved a reasonable degree of success in its
first five years. ESPRIT Il, which follows
immediately, will place more emphasis on the
development aspect in order to help the industry
get product; for the market in the 1990s. The
funding for ESPRIT II is 3.2 billion ECU for the
five years - a little more than double that for
ESPRIT I. The programme is likely to achieve
significant results.

One of the main areas of concentration for
ESPRIT II is summarized below:

Computer integrated manufacturing (CIM}

CIM is a potentially large market area feor IT
not yet dominated by overseas suppliers. CIM
represants a challenging and complex test bed for
IT in that systems must operate in real time, cope
with hostile environments, and operate for long
periods with minimal manning.

Activities include advance design and
modelling techniques, unified strategies and
implementations of both logistical and physical
control of manufacturing processes, robotics, and
other shop floor systems, and the communications
systems for the shop floor and process plant
environments. Key targets such as flexible
automatic assembly and the high throughput,
fail-safe operation cf modern process plants will
provide test beds for these activities.

The tendency for new projects to cluster
around sucressful ESPRIT I projects is encouraging
and is an 2arly inlication that vertical mass is
byilding up.

The CNMA Project (2617), with its parallel
action on test tool development (2292), will allow
communication vendors to move into 3 leading
position in factory and plant communications, as
well as fueling the provision of future conformance
testing services in Europe.

Project 2277, led by the German systems house
Actis, offers a promising approach to the problem
of direct factory-to-factory communication in
multi-supplier operations.

The area of product design and analysis has
evolved rapidly in recent years as minicomputers
have become viable possibilities for CAD
workstations. Project 2590, led by MATRA, is an
initiative to strengthen the European position in
the CAD/CAE field in product and production
modeling. The partners involved represent the
strongest European CAD-vendor team. They will
develop a new generation of CAD systems to allow
the integration of modeling fuictions which are at
present separate and sequential. Thus the current
overheads for manufacturers which include high
costs, Tong lead times, and complex organization
structures can be reduced. This is a project which
could build market share where there is now a gap
and bring direct benefits to users.




A parallel project in the same area (Z2165),
led by Krupp Allas Datencysteme, brinas toagether an
impressive team which will apply the results ot the
ASF group *rom the Germar and MNorwegian national
proarammes.

Mobile robats and process industry topics are
amonng the new items ir the work programme. Mebile
robots have many potential applications includinng
torestry. agriculture, mineral extraction, plant
maintenante, scare orerations a~d detence. for
manyfacturirag, availability of mobile robots weuld
lead tn rew corcepts 'n factory Tayoul and the
ability to solve the problems ef mancenverine in
mstructuered environments .

Froject 8% cevers this area.  The team wiil
deveiop in advanced perceptier and navication
system for mobile robots, applied first tc the
tarestry domain.  The Fianisih pariners will develop
the prototype with Community (omparies taryeting
the comprrent market for thi< and other types of
mabile robat .

Robats and other types of material transpart
systems are already ~oll developed. As methods and
toals ter intearatine improve, the demand for
flovibilit, is becoming stronqer. Hence, ‘here i
an increasing mowe towards areater sophistication
‘o shop-floor devices. and the emergence of new
types nf device. This prevides many oppartunities
for (ommunity vendors.

The actomated crarne is an alternative tg the
aittomated guidani= vehicle as a farm nf transport
on the shop flonr. Tha topic is addressed by
project 2R0, lad by AEG. The apprearh rould open
a laruge new martet in manutacturing, censtruction,
shipbuilding, and haulaae environments.

In the process industry, ESPRIT Project 2671
attacks a similar problem by using knowledge-based
systems to gather sensor intormation. 101, one of
the main users in the proress industry. is
invnolved, thu< assuring that knowledge of the
process will be provided for the prototype. The IT
market in process cortrol! i< largely dominated by
foreign competitors. This proposal is ~ first step
towards apening the market for Furopean vendors.
{Extrarted fronm European Science Hotes Information
Bulletin, A7/3)

tithography CIM cell drives rewmorks down, teedback
in less time

An intearated phatalithnoraphy rell at
Hoawlett Packard (HP), (arvallis, Oregon, 1SA,
addresses the philnsophy of computer integrated
manutacturing (CIM) as much as automated
semiranductor manufacturing,

At the International Semirondurtor
Manufacturing Science Sympnsium, it was stated that
the photolithagraphy rell allows one operator to
evecute all operations - from recist coat through
inspertion - at a single terminal. SPC real-time
report ing aives early warning of problems, and
interactive analysis tonls helps a user learn more
ahout the process.

The workcell uses 5:1 stepping projection
aligners, in-line track equipment, and 15 heavily
dependent on automation software. [t ig an
interchangeable 0.8, 1.0 and 1.3 micron (M5
proress with one resist rhemistry,

_ a7y -

A key henefit ts the environment in ~hich a
cingle operator has ownership - and all the tools
required to be surcesstul - for all aspects of the
ptotolithographic process. Brietly described, the
ESP O TIM system uses a ARANZN_based HF N0 Series
werkstation. Workstations connect to 3 shared
resgurce manager that is a LAN-based tile server
with peripheral <haring services. Fach <tation
rurs in the Rocky Mountain Bas.c envirgnment, which
among other advantages erables -iean handlina ot
multiple intertaces.

It was decided zarly that the rell must have a
tentral! user interface or workcell rontroller that
replaces the criginal equipment interfaces. This
makes the linked system appear as a single machine
during setup, simplities operation and minimizes
Frror.

This HP workcell has redured rework rate from
1T per cent to less than C per cent. has improved
the feedback time on lots from 8 hours ta
6 mingtes, and has reduced *he average artive time
ot work in progress in the photolithoaraphy area
from 24 hours to 8 hours.

Reportedly, this (IM <ystem fosusee on the
bastes and provides a high-gquality . low-rost.
generic solution to help enainrers and operators tn
be more productive.

Givina gereral advice on "IM development,
these HP engineers state that "IM engineers should
expect change and a sucressfua! approarh to ©IM must
be able to deal with it cost-effectively. This
requires choasing ithe correct environment fnr
sottware development and praducina reusable tode.

CIM Lithngraphy Cell

Hierarchical file system
SKM file serverm@@}Peripheral spooling

High capacity discs

Automatic backup

« =

68020 Expandable

¢ to A MIPS dorkstation floating pnint
hardware

4 to BM RAMJ wWorkstation Hi resolution color
monitor

Hewlett Packard's CIM Tithography cell, in use
At the Northwest [( Divi<ion in faorvallic,
Oragon, 15 based an HP 300 work<tation-.
(Source:  Semiconductor Internatiognal,
September 198%)

CIM in Clonmel

A collaborative project involving Digital
fauipment International BV, Clonmel and University
(nlleqe Galway has put !reland on the map as a
rentre of excellence in Computer Inteqrated
Manufacturing (CIM).

Researchers at Digital's Clonmel facility
recently conducted a pilot implementation nf a novel
production rontrol system which was develoned as
part of the European Commission's FSPRIT programms,
The Production Activity Control (PAC) system is




desiuned to provide planning and control ot work
cellc and Jdevi.es on the factory floor. and
communicates produrtion and material
requirements trom high-level Manufacturing
Resource Plam..ag {MRP) systems.

A moduvlar architecture of PAC was propos~d
by the project i~am. This is based on five
distinct building blaorks where it was intended
that the architecture would be veneric and
applicable to most discrete parts manutacturing
industries. During the project, sophisticated
application sotts-re was written to support the
PAC architecrture and the inter-module
communication. A simulation *tool was also
developed to enable the veritication of the
prototype systems< in target manutacturing
<ites.

The Clonme! pilot project took place during
March 1989 and was successfurly reviewed by a
furopean panel of CIM experts and officials from
the European Commissien. (Source: Advanced
Manufacturing Technology. August/September 19873)

Marat unveils new (IM-based plant

Marak Corp (Florence, hentucky, USA) qave
press and customer tours of the machining
systems portion of its impressive $50+-million
plant expansion. Expansion ot the machining
Tines included the complete replacing of an FMS
that was only six years old with three
completely new FMS/cells for machining
medium-size prismatic, large prismatic, and
cyVindrical parts. Shortly the entire plant
will be a true CIM-plant, controlied by Digital
1500 Vax computers. Those computers will
schedule the machines and material, control the
inventory of the automatic storage and retiieval
system, and deliver six-Sigma quality parts via
automatic guided vehicle to the machine assembly
area. Total Mazak investment in its US
tacilities will be close to $110 million when
the present expansions are completed. And
another phase of expansion is in the planning
stage. (Excerpted from American Machinist,
february 199¢)
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CIM interface provided via Hyperiab

Snitware engineers at the Jantre tor Intearated
Systems, Standford University. have develnped a
protot,pe interface tor semiconductor conputer
integrated manufacturing (FIM) called Hypertab.
Hypertab provides access to a {IM cystem via artice
terxt and uraphics tor writing process specifications.
tacility control and monitoring. and documentation.

HyperLab runs on an Apple Macintosh romputer
using Hyperfard. The system couples. throngh RS-
Tinks, to an e» sting data base server on A
DEC VAX- 3600 running Unis.  This data bas:. seppsrts
the existing CIM system. The engineers developing
Hyperlab are considering an Ethernel Tink and will
add it when the neces<ary <nttware beromes available.

Reporting at the recent general meeting of the
Elertrochemical Soriety in Hollywood. flarida, USA.
Errest Wood explained, "The system is a pratotype tor
testing the use of hypermedia concepts in accessing a
rIM data base supporting nur research iaboratory."

In use for writing a process specification, tor
example, the interface closely couples the process
steps in a specification with the phy<iral farility
required and all of its associated contro! and
support functions. To keep a user griented with the
system hierarchy, Hyperlab uses eguipment and
facility graphics and careful selection of rommands
ang menus .

Wood said, "The gnal of this preject was to
develop a conceptually simple, powerful. tast and
flexible user-interface that is easy to learn and use
by laboratory terhnicians. There is no functional
capability, such 3s scheduling, relational data base
and equipment control, in Hyperlab: ‘the external
server, which links HyperlLab and the CIM system,
supplies these components.

According to Wood, a negative aspect brought out
in this work i1s the difficulty of connecting the
Macintosh environment to the Unix operating system.
"A future possibility is to transfer the essential
hypermedia components of the interface to an advanced
X-Windows toolkit, thus making the entire system more
portable,” he said. (Source: Semiconductor
Interpatignal, November 1989)
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1. Traditional manufacturing industry

(1" Mass produrtion versus new produciiun
systems

With e-tensive atforts directed tnwards the
development ot mass-production systems based on
robotics and automation. the manufacturing industry
has undergons A remarbable avpansion during the
peviod between the 190fic and the 1970<. The
manufacturing industry ha< benefited mucrh from the
introduction of the mass—produrtion <ystem. Some
ot the important accomplishments include:
hiah-speed productinon, hiah accuracy in production
praress, less cost, and uniform and high quality of
finished products.

The roncept ot mass-production was hardware as
well as manufacturer-griented. Customers were
satistied with standardized products thys supplied
under mass-production systems, as long as the
produrts met their requirements for quality and
prices.

In the latter part of the 11105, the
manufacturina industry underwent a change in
character trom mass—production to producing a wider
variety ot products in small lots, mainly to rope
with the increased diversification of rustomers®
needs. Technnlogies whre alse rapidly advancing as
illustrated hy the appearance ot semiconductor and
mirroelectronics technology. Surh a rapid change
in technologies has made the life-cycle of a
praduct shart. The mas<-produrtinn alsn involved a
ri<k of aver-produrtion,

“The just-in-time production system” developed
by Toyota Motors presents a typical example of the
production process of produring a wide variety of
produrte in small quantities. The basir roncept of
the "just-in-time produrtion system” was to avoid
All possihle “wastes” qenerated during the
produrtion proress surh as:

1. Over-produrtion:

J. HWaste Lime spent at the marhine:

-~

Waste involved in the <hipment ol units and
parts;

4. Waste in proaressing;
. Waste in taking inventory;
fi. Waste of molion:

7. Waste in the form of defective ynits.

TRENDS

Further tmprovement< have <ince heen made in the
just-ta-time production system”, icading to the
astablichment ot a "product <vstem witheot loss™,

The ba<ic concept ot a thic <ystem was ty arhisee the
tollowing in producrtion processes: no Jdetective
products, noe machine failure. no nead tar *he
transport of parts, complete synchronization nt
speed and machine (veles, and full-autemation to
permit a Jl-hour ummanned operation.

Tine

Both the "just-in-time produrtion system” and
the “produrtion system without loss™ were marbat,
raustomer-oriented and <pftware-orienied, as againx?
the mass-production system which was
manufasturer—ariented and hardware-oriented.

(<) Conventional technologies versus
science-based technologies

Terhnologies can be «lassified into the
following two categories arcording to their natures:

{a) Conventional technologies whose mechanism
and pertormance are well established. Examples
include ronventional mechanical engineering, chemical
engineering. and electrical engineering:

{b) Modern hiagh terhnolonies which are based on
science and are in the stage of constant
advancement. Examples include high-temperature
superconductivity, semiconductors, micro-electronirs,
DHA recombination, new materials und artificial
inteiligence.

Recently developed high technologies are all
based on science. In some technoloagies, bhoth
mechanism and theory are not fully clarified. These
technologies are featured by the need for highly
<ophisticated production equipment and farilities.
Often super-clean laboratories are needed. They al<o
are highly capital-intensive, and a large amount of
investment is required for equipment and facilities.

(3) External elements

During the period of mass-production, the
manufacturing industry acted based on the following
traditional assumptions: resource is infinite,
enerqgy supply is infinite, production-related space
is infinite, market expansion i< infinite,
consumption is infinite, and people's desire i<
infinite.

These assumptions, however, have lost their
legitimacy for the current manufacturing industry.
Recent developments indicate that there will be
shortage of resources and enerqy supply, space is
limited, market expansion will not last forever,
consumption wiil also be saturated, and penple's
desire is also limited and i< qgetting increasingly
sperific.

To cope with the new situations, the
manufacturing industry has heen taking meas.res in
place of the old assumptions. Some nf the measures
are: high functional performance for a limited
supply of resources; energy conservalion and
savings, and development of alternative energy
sources for a limited eneray supply: rcompact de<inn,
miniaturization and high density for a space
problem; flexihle production for a limited market
expansion; consumption-oriented production for
limitation in consumption; and development of
products which customers want for their aperific
needs.
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In addition, there are also some external
elements which stand in the way of the linear
expansion of the manufacturing industry. These
external elements arose in relation to limited
capacity for waste treatment and disposal,
environmental pollution problems, and safety of new
preducts or new technglogies. Processing and
disposal of industrial wastes present a3 serious
problem in the industrialized nations, as the
amount of waste exceeds the capacity for disposal.
Environmental pollution has come up as a serious
problem, as the manufacturing industry expanded its
production and consumption by humans increased.

Typical examples of such environmental
poilution are the destriction of ozone layer by
fluorocarbon -ompounds, and the greenhouse effect by
carbon dioxide. Safety of new technologies and
products also presents a problem for public
acceptance. It requires long-term effort to prove
reliability and safety of new technologies.

2. Global business opevation

(1) Vertical operation versus horizonta!l
operation

The manufacturing industry is now g0ing into
global operation and there are four main elements
responsible for the manufacturing industry to go
into global operation.

1. Political element as represented by trade
frictions;

2. Marketing element such as diversified
customers' needs;

3. Formation of regional economic blocs;

4. Techrological element which includes needs
for scientifir research, sophisticated
software, and co-operative development
projects.

With regard to the marketing element, there is
recently a trend in which products are being
produced within or near the marketplace because of
diversified customers' needs. The technological
aspect is also an important element to be considered
for the global operation. Because of sophisticated
nature of recently-developed high technologies, no
single country can fulfil all necessary R&De ranging
from science to software. It has now become
necessary for the manufacturing industry to seek
technological expertise and skills on the world-wide
basis.

In the 1960s and part of the 1970s, all
functions of manufacturing industry including
marketing, R&D and production were performed in one
country and finished products were exported to world
markets through overseas sales offices. Offshore
production was carried out mainly for economic
reasons such as modest labour cost. Only
standardized products with established production
processes and market needs were transferred to
offshore production. Later, production technology
and some R&D work were transferred to offshore
operations. The manufacturing industry was operated
on the vertically intergrated scheme,

Marketing
R&D

) Country A
Production

Offshore prgduction
Country B

Offshore production
Country

Now that the manufacturing industry is operated
on a global basis, all the necessary functions are
scattered world-wide with equal participation of
each function in the business oparation.

R&D < --)Design« ; Software « - Production

Country A Country B Country C Country D

Present global business eperatisn is based on
the horizontal scheme. The manufacturing industry
in short has shifted its operation from a vertically
integrated scheme Lo & herizontally integrated
schame,

{2) Technology sharing

Taking a close look at the history of science
and technology, one can observe that there is a
sort of technolegy sharina ameng countries.

European countries and the United States have
been playing a leading role in the field of
scientific research. Many new technologies based
on science were first developed in Europe and
brought to the level of engineering in the US.

The US effort has been featured by the

development of super-high technologies and
ultra-large scale engineering projects, while
Japan has been active in improving newly—developed
technologies and production processes. Japan also
devotes a large amount of its efforts to applying
new technglogies to the consumer-oriented
products.

{3) US_versus Japanese technologies

Technologies in the US and Japan present two
extremes. There are reports comparing
characteristics of the US and Japanese
technologies. Ffollowing is a comparison of
characteristics of technologies in the two
countries.

us Japan

- — e ._._.L.,, e

Basic research Applied research and

develnpment

Breakthroughs and
inventions

Incremental improvements

Defence applications Commercial applications

New product design Production technology

Systems integration Components and parts

Software Hardware
New architectural
design Miniaturization

Custom-made oriented Standardized, mass volume

Recently-published reports point out the US
engineers and scientists think in terms of defence
applications first, while the Japanese
rounterparts think in terms of consumer
applications. For example, in the United States,
a large amount of carbon fibre was consumed by
aircraft and defense industries, whereas in
Japan they were extensively applied to sporting
goods.

g e e e e
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(1) Product innpvation manutacturer—-oriented agproarh was prac*ised 1
manufacturing industr, end standard’ ced prodocts
were mass-produccd for mass sales by employinn
ronventiangt technoiogies such as mechan ca’
engineer’ng, electrical engineering and (hemical
engineering. In thy 19785 needs in the market
had vegun to diversity and r2w!y developed

There was a belief that markets tor
conventional consumer products ware already
saturatod with no more or little possibility tnr
expansinn. Markets tor refrigerators, washing
machines and cameras were belirved saturated. This
belief, however. proved incorrect when a technnlogies had come to be adopled extenz:. a:
vrefrigerator with a new donr-erpening ma2chanism, a resulting in turther diversit’ ~tiocn o narker
quiet washing machine and a disposable camera have needs in the 1980s, along with rustomer-’ tastes
contributed to generating marked demands for them. directed towards 'usury uood<. Sewly-developed
This indicates that there <till remains pessibility scienre -Lasof or software-based technolagies <urh
tor tyture inngvations in the cowventienzl durable 2% new materials and artificial intelliges. = havo
consumer goods. tegun to be applied to the zinsumer markeis.

3.  (urrent and future manufacturing industry

fo meet such chargs in market trends and
customers’ tastes as ve!l 2. te «spe with rapidiy
advancing technolegies %% rsv-  “rtyring indistry
has been taking a series ot wrasgre . which call
for operations on the uloba: h--is. Table ' shows
the summary of measures taken b: he munufarturing

{1y Changes in market and technology, and
measures taken

It i< important to review once again changes in

Products

Fed hllulngi('.\

Mersures taken

Production system

Delivery

oriented approach

Standardised
product with
simphifred
function

Conventional
technolugies

Mass production

Pong o dedivery
Long hite cycle ot
products

nuirket needs

» Product with
multiple
tunction

- Semconductors

Micto electionic -

» Prodiction o
Larteties of
products
sl lots

market trends and technologies. In the 1960s. the industry.
Tablet.
o) 190 Pas
Mathet trendd Manutactures » Ihversitied s Neads tar

luti o ot Uy

Systein preadont
tor vl

fosic

Sotence based
tedhinodoptes
Sottwate based
technadogies

Fleehiy e sihle

plutim [ror

Shont terin debiverny
Short hite oyele ot
produicts

Produ tion hine Automat-on » Flesible Marketiny
NC machine inanutuctus iy mtarmition
~ystei .
(FNS) Coamputet

Operation cheme

Opetation on the
nationad hisis
Vertieally
mteprated scheme

lll(l',:l.nh'(l
it tuning!

1ICEND

Global opeiation
Horzontadly
mtegtated o cheme




{2} Computer integrated manufacturing also for purchase ot materials, employment of
sub-contractors. financing and recruitment ot

Computer integrated manufacturing (CIM} is personnel. The whole £IM operaticn is based on
defined as an integrated system of marketing, data base. In purusing computer integrated
produrtien and delivery to meet highly diversitied manufacturing, a caretul step must be taten.
customers' -;-~rific needs. As marketing, R&D, First, production CIM must be completed. followad
produrtion and sales are performed on a alobal by the establichment of tactory tIM. The last
basis, CIM is considered to serve as the most step in CIM operation 1s the establiskment ot
powerful tool for ulobzl operation. Today's company CIM.  The following figure shows a
manutacturing industry vequires world-wide eftorts srhematic diagram of the 7M. with the data bace
not only for marketing., R&D and production. but at the centre. -

Market needs

Customers
. A)
\\‘
Marketing B \ ;
; | i
j ’ Satles } ; b

i | / R&D  Universities :
% i i Data Base } institutions |
. l M “‘ “ f /l ,
: Materals, I’ ) :
todue : ‘
\ Purchiise ‘Nxhlh"' Design i /

-

Supplicers
Overeas plants
Subcontractors

Financing
Pers
cisonnel management

Global operation

Entetnal elements
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The nurher nt proagrammes using these
te talagicat develnpnents retlects this trend: the
Japarene JUPITEE programme, the United States [0AM
Cinteqrated Computer-dided Manutacturing) under tre
erce Nupartment of tho MAP preoject (+ounched by
Mntorsty, the Tarvan proaramme
Fartigungstechnib, completed in 1987, various
cheprojects under EUREKA, BRITE ard ESPRIT, and so
tMnst nf these aim tn improve the diftusion of
new applications while developing a specitic
natinnal asset. The technological lead of the
United States and Japan is being matched by the
furapean strateagy ot alliances and groupings with a
view to proventing technological dependence. In
most European countries (Germany, France and the
fnited Kingdom in particular) research is being
supplemented by prograsmes aimed at promolting the
difttusion of the new technnlogy. (Extracted from
The OECD Obzerver 159, Auqust-Septemher 1989)
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Manufactiring

A major shift ip responsibilities from
manufacturing companies to vendor industries i<
envisaqged in the 1990s. Major manufacturing
companies in the automotive and aerospace industries
are rhanging their way of doing business with
vendors to berome more profitable and to overcome
the shortage of experienced proress engineers. The
process—desiqn funcrtion of the total manufarturing
process myst assume qreater importanre in
erstablishing lasting relationships between vendors
rompanies (suppliers of materials, components, and
technicral services) and their customers
{(manufacturers of goods for the global market).
World-wide oppartunities will he great for vendors
who can respond quickly to the demands of potential

5

customars in tarms of gquality products, del vered on

time, and At A rompetitive cost DD
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Serior mansagers of thaqe comgaries hage rot
respendsd well v todayts toarboical ard boysieess
coportunities, many of whivh are ralfatad *o (hanaes
in materials., mangfacturing procesaen, as a-ii as
chanas: in persernel ftheir <LilTz and rareer
axpestatinest . I omany tentaneas | margaers e
prderstand the srien-e of mangtgrtyring., and the
desian tunetisgry are 3lmes* L odamared i v
rnn’.p.;v:,'. A stady hy Mar ard Ftrf.f".’;: F-‘»}.'zr-v- SSIETINE

that 8% per cent af sepior masagercs beliave the
problom nt glohal (ompetiti. eness < getbaing worde,
e primarii-,, te poer macaaenant arge L

Another cerioys chajlange ta matervals
suppiiars will ba fe at*rast an adegiate uep'y ot
amalitied, nilege_sdirared ponple, pertioolar’y oo
wcienca and terhnoloay. trande 1 tie
eduratian <ystem in the 'S, hoth undergrat.ate a2
araduate Vevels, incdicate fewer "well-prepared
candidates will be availabtle. Well.egucatord
engineers who are aware o! and undervstand the
complerity of doing business in the global wartst
will be required for companies whn want to he
compatitive in the 1990s.

(urrent

"o become an effective integrated marufacturer
of high—quality products in the 17705, materiais and
component suppliers must train their workforce to
hecome more profici nt in the use of romputers and
related manufacturing tools and concepts such as
Taguchi methods, just-in-time (JIT}, computer-
integrated manufactusing (CIM), statistical process
control (SPC), and advanced procress modeling (APH).
few office or factory workers will escape the
requirement of using 3 computer, if they have nnt
already been introduced to computer use in the
19R0s .

Being computer Titerate will be absolutely
essential in the 1790s. hecause manufacturing
involves naot only the transformation of data intn
useful information, but alsn the need to create,
sort, trasmit, and analyse data. Manufarturing data
are both textural (alpha-numeric data - numbers and
letters) and geometrical. These data forms must be
erlectronically integrated so thoy are available from
product and process design, to manufacturing, to
field ~ervice, as well as between customers and
materials and parts suppliers.

Process design by computer simulation of
unit-manufacturing processes will become more
important in the 1990s for efficient inventory
control as a result of the roncept of JIT
manufacturing introdured in the 1980s.
means more than simply inventory control.

JIT however,
It
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requires that materials suppliers have a complete
understandina ~t material behaviour urder
manutacturing ronditions, and that more be bnown
abou* sarh uyrit process than was previously known.

It will be necessary tor US materials and
romponent supplisrs ta “tront-Tead” proress
development to be competitive in the world martet
during the 1330s. Instead of passing the design
from gne department to ancther i1n serial tashion, a
new structured design process called clobai-desiun
nethodology will have tn be used. Glebal design i<
*he crus of voncurrent angineering: an intearated
appreoach ta engineering. manufacturing. and support
proresses. Global desvan applied ‘o the entire
manufactyring process: i.9., a communication system
hetween varions tusctiona  'asks required te produce
& auality produrt baving the required
tharasteristics.

LVE maecctar turing departmerts must wort
tarether as a tea= froe *he beairning in rorcurrent
Llthouch furepean and Japanese
maciatacturing teams i,p‘vnVYV take a leonger time to
complete their product-development and design
tusetinng than their 1S counterparts, the total
prodoct ‘process develapment cycle is almost always
sharter using the structured (oncurrent-engineering
appraach. For erample. lapanese astomakers can
introdics a new mode! in three years or less. but US
actomaters freguentiy, require five or more years to
intrndure a new madel. Whareas a protot,pe model is
b, 7Vt b0 validate a design when concurrent
eegineering s used. pretotype is used Lo discover
predlems in the ‘nstarce ot Timited tront.end design.

At reering.

Tomputer simelatinn alveady is state-of-the-art
technaloay for a wide ranae ~t industrial
proresses.  Mast computer-aided toois available ran
be used te implement process design, offering a
potentially rompetitive advantage for US suppliers
in the 19905,

Severa' large US toundries, for example. have
begun ta use computer —imnlation methods to de<iare
prerision castings fer the automotive and aerospace
industries. Experience te date indicates that
millions of doltars can be saved annually in
Figh-valums production of a single casting due to
increased casting yield alane. (Source: Advanced
Materials and Processes. Janvary 1990)
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“iM technology centres in the Feueral Republic of
sermany

Technalagy trarsfar supported by federal
Minintry far Eesearch and Terhnology: 7 IM landscape
completed; attar completion of the northern
notwark, romputer-aided manufacturing will nva be
demnnetrated under (nnditinns approvimating artual

<e in 1H lnratinng,

One nf *he ohjectives of the rerent founding
arrvicg as an interfare between the uni ersit, and
the reqginnal ecanomy i to help the latter choice to
be the snlution ot the abbreviation. To satisfy
thie «laim and to provide Lupport where it 15 needed
for companies in the introdurtion and implementation
nt new technolngies, the (IM Technology Tre sfer
(prtre will provide infarmation regarding the
introdurtion nf (IM as a salution strateqy and will
quality and advise users.

The "niversity initially equipped the CIM
laboratary in the Bremen Irnovation and Technology
fentre (Bitz). Ffrom milling aluminium to turniny,

steel. nibbling and reshaping aluminium, weldina,
cutting of thick sheet metal, up to and including
robot assembly and stereolithegraphy, al!
ranufacturing methads applicable tor the regior of
Bremen are already represented here ‘r the aork
process with CAD., MRF and CAP linb<. Steren-
Tivhagraphy intends tn praduces a *hree-dimensiona’
artval-sized sol.? object wit'irut evpensive
irtermediate steps. The CAD madel 5t a preduct %9
be manutactured is used as the initial basis.

Manufacturirg is based on suitable polymers
that are cured selectively ard prednminant!y ®n
layers atong calculated geemetric contours hy means
of numerically contralled energy beams. [In centrac®
to machinirg methods, *his new production pro:ess
has *he advantage tha* it operates with a sina'e
tool! - the energy beam — virtaally without 3my
forces in a purely liquid raw material. Th:
eliminates the long-term. expensive prod:rtine o!f
tonts and fivtures that must be available befor. the
control informatien can be preduced tar the 7H7
marhines trom the 7AD da*a. fallowing the oot
completed set-up period of the "IM Terhnnlos,
Transfer Centre, the additianal phases of
development w111 connert the individual
manufacturing processes to a data networt and
finally ‘ntearate material flow so that
computer-aided planning and design, manifacture asd
as<embly ran be demonstrated in a <ing'e proress.

CIM is a technology that allows fartories ‘o
adopt to changing requirements. However. ane cannnt
buy CIM "otf the rack”. but ratler one needs
snalutions tailored to the tactary. These selytions
must consider the entire manutacturing process of 3
factory. This makes the orientation adui.e that the
CIM centres are to provide all the more important.
Taday, nne still has the chance of designirg (M
oneself. The peaple who participate ncw do rot nead
to have a foreign (IM c:ncept forced down their
throats later. Each of the 1r CIM Techroiogy
Transfer Centres focuses on a different terhnical
area. "{IM in single-series manufacturirg and
assembly” is the hlanket theme of the Bremen M
Technology Transfer Centre. This theme is
particutarly important in -he region of Bremen
ber.ause the production of single-series is very
important here in plant, ship and aiveraft
construction. The Coilege Group o7 Manufacturing
Engineering (today: Scientific Socievy far
Producti.y Technology) provided the impetus.
Starting from the potential in employees and
equipment already available at the many cnllears,
CIM Te~i.nology Transfer agencies have been
constructed at 'f locations. u:stributed over the
entire Federal Republic, since the beginning of the
programms . The newest location is ‘he CIM
Technolngy Transfer Centre «t the kiel Ingtiture of
Technology. FKiel is the only Ins i’ te of
Terhnnlogy ~+ the series of lacations. The Kial
Transfer Centre provides the facilities to represent
alil factory operatinng from order ronfirmatinn with
‘he customer to delivery of parts mac tacturad on
(N (Cympuyter Munercial Control) production machines
from start to fianish. When designing the (IM
components, it was impartant that  in additinn to a
romprehensive Tinking as a (IM total « <tem,
fundtional partial solutions or interfaces can be
demonstrated.

"This applies in particular to the transfer ot
data from the CAD system all the way to the marhine
tnols", says Professor Martin Storm, leader of the
Institute for CAD/CAM Applications, the agenc;
responsible for the Transfer Certre. On arcount of

historical development, the CAD area is partirulerly
An additional focal point was

broad in Kiel.




created in tha areas ot romputer-aided planning
(LAP) and (omputer-aided manutacturing (CAM).

This work area i1ncludes intormation intecratior on
the shop tloor. In trainirg courses, particuelsr
impertance was attached to the total exploitation
nt the ratinpalization patential of an operative
level . designed to b transparent due to shop
infarmaticn systems. in renjunction with
appropriate MRP iastrumentation.

the LIM {entre in kiel will also demeonstrate
start-te—tinish initial solutions within the
framework ot its cvents. Above and beyond this.
howaver. a particular freal pnint 15 the thematir
tonceptualization ot conversion difficul-ies nan
the path to "IM. Because of this. the seminars
mainl; deal with individual {(IM compenents and the
aoprapriate intertaces Yo adjacent elements. In
a.cordance with the project piar of the Federal
Ministry tor Sesearch ard Technology, the CIM-TT
at Kiel 15 active in three areas: demanstration
of the various « IM modules, provisiun ot basic and
special traininag, orientation information.

CIM Technoleogy Transter (entres and their
areas of emphasis

Shop-floor information systems in the CIM
network (Niell: MRP_centered interia.ing of (IM
modules (Hamburg): data bases for LIM t(Berlin}:
analysis and rearrangement of factories
(Hanover): (AD-centrard intertacing ot CIM
modules {Brunswick}: assembly planning in CIM
(Erlangen): CAD/(AM-centred interfacing of CIM
modules {Munich); personne! development and
qualification: networks, commurications
technology (Stuttgart): expert systems in (IM
{kaiserslautern); interfaces (Karlsruhe);
procedures for CIM planning and introducticn
(Darmstadat); CIM strategy as a part of the
company strategy {(Saarbrucken}; simulation in CIM
{Aachen': CIM maaufacturing islands (Bochum):
CIM definitions and CIM basic modules (Dortmund);
CIM in single-series produrtion and assembly
(Bremen). (Cxtracted from VDI MNachrichten,

5 January 1990)

Switzerland to step up CIM R&D programmes

Professor Michel Pochet of the Ecole
Polytechnique Fédéral de Lausanne, Switzerland,
has urged the counir; to offer totally integrated
solutions to manufacturing problems and
productivity. Otherwise, he says, Switzerland
will have purely a service industry, importing
components and software. However, the Swiss
Government has announced its intention to spend
millions of Swiss francs to promote computer-
integrated manufacturing (CIM). The initiative
follows four sucressful "impulsion" programmes
promoting management- information systems,
CAD/CAM, sensor- and building technology.

The decision follows recommendations by the
so-called "Cimex" commission of experts created
in 1987. This reported in 1988 that Switzerland
was falling hehind its main trading partners in
CIM R&D, technical applications and the training
of specialists.

The Cimex programme earmarks SFr A0 million
of the total for the creation of six regional CIM
centres as "pillar< of progress” in this field.

where possible, each centre would interact with a
Tacal yniversity or polytechnic. Each will be
responsible tor applied RED. (IM training schemes,
and technology transfer to smal! ard medium
companies in its region. To the federal and
private funding w'll be added subsidies from the
cantons. At the end of the six-year period the
{IM centres will pass to cantcnal control.
(Evcerpt trom FINTECH-Advanced Manutacturing.

<% January 1990}

IVCCIM Virtna - A Mew Inter-uriversity (Centre for
Compuyter-integrated Manaufacturing in Vienna,
Austria

Vienna University of Technology and Vienna
University of Economics are co-uperatively
establishing a centre for CIM (IUCTIM) . About
ten ditterent divisions of the two universities
are joining the centre coverirg all sectors ot a
virtual model enterprise. Tha endeavour is
supported by Digital, IBM and Siemens as main
sponsors contributing hard- and software and
academic staff in an amount of about 100 miliion
Austrian schillings.

The main objectives of IUCCIM are:
Postgraduate and continuing education as well as
research and development and consultancy for
industry and small and medium-sized enterprises.

The most important and ambitious first
activity is a two year/16 week inter-university
sandwich course in CIM starting 7 January '°3i.
The main target groups of the course are graduates
of engineering or economics and managers from
industry with respective professional experience.
The course contains in introductory modules
fundamentals of engineering and industrial
management. A comprehensive coverage of
CAx—components form the core of the courre
followed by modules on techno-organizational
integration as well as marketing, PPS accounting
and controlling. Project management, assessment
of investments and - last not least - human
resource management are further essential course
modules. To train the participants in "real life
situations" projects and case studies are integral
parts of the course.

The involvement of the two universities
brings IUCCIM in the position to offer to industry
holistic solutions covering all ranges from order
to delivery and from development to production.
IUCCIM combines the technological aspects of CIM
with al)l the . »cessary industrial management and
organizatiun perspectives. The heart of the newly
established centre will be situated at a new site
of the Department of Mechanical Engineering of
Vienna University of Technology. All divisions of
the two universities forming co-nperating parts of
the centre are elements in an electronic network
linking the lorations in different parts of Vienna,

(Manfred HORVAT, Director
University Extension (Centre
Vienna University of Technology
Gusshausstrasse 28

A-1040 Vienna, Austr’'a

Tel: 43 222 58801 €Ext. 403)
fax: A3 222 5054951)

* o a »
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8. APPLICATIONS

CIM for headliner production

In order to improve quality and reduce the cost
of manufacturing headiiners {the lining on the
incide roof of a zar), Forg Motor C(o.'s Utica Trim
Plant (Utica, Mich.) is5 developisng a CIM approach
that ties individual flexible manufacturing cells,
automatic-guidet vehicles (AGVs) and overhead flow
systems, factary-management computers, and a
communication network into a totaily actomated
scheme that begins with the rustomer order cequest
and ends with final chipment. The system will be
t~o to thrce years in development and cost is
estimated to be in the $8-10 million range with a
three-year ROI expected.

Th> CIH-design scheme will control each
component in process. know iks exzct location, and
record and react to SPC data. Accuracy will be
maintained through the control of computers
directing the mechanical components of the system,
thus eliminating manual and human decisicn-making.
Hardware consists of four primary components.

{1} 7four line-process control and diagnost’c systems
performing SPC and providing preduction,
build-schedule, and process—procedure information.
{2) Two cell controlie.~ that co-ordirate and
supervise line control, co-ordinate the line with
material-handling, download and stere robot
programs, collect and manipulate data, distribute
build schedule and projecticns. and art as a
diagnostic system backup. (3) One facrory-
management-computer system that ccllect: and
supports information of the manufacturing-knowledge
data base and performs shop-floor scheduling,
inventory control, quality control, production
analysis, engineering analysis, maintenance
management , and overail supervision of pradurtion
operations and assembly-plant data. (4; One
communicatien network that ties all of the
automation components, assembly-plant data base, ang
computer workstations together. How it all works
was described by Jim Geuld, Senicr Process Engineer
at the Utica plant, during the February Sociciy of
Automotive Engineers (Warrendale, Fenn.) Conference
in Detroit.

The process hegins when the factory-management
system receives a customer order (schedule) and
forwards it to all suppliers for the required
material (either fibre-glass-, pnlyurethane- or
styrene-bhase substrates; badycloth with foum
backing coverstock, and hot-melts and latex
adhesives).

Upon arrival, stock gets an item number and
passes through a bar-code scanqer which alerts the
factory-management computer to register the stock
and pass the information along to accounts
payable.

Stock is then transferred to a holding area and
nnce again passes through bar-code scanners. This
station serves as a checkpoint so if material
registered at receiving does not coter the holding
area it will be identified by the factory-management
computer 3s "lost stock” and tagged as 3 "red" item
for material-randling departmental investigation

AGVs remove stock from the holding arca and
deliver it to the manufacturing area. tach
manufacturing area has a stock warehouse, and the
AGVs will load material here in the off shift for
next-day production. During actual production, AGVs
transfer stock from the warehouse to the rel) and

remaove finished stockh from the cell and daliver it
to a finished-stock warehouse.

7he manufacturing area contains individual
production lines or cells. Fach cell is ar
individual entity and incorporates a flexibility to
change to a desired style, colour, mix, and quantity
required by the contrcller.

Also, each cell answers tn the same tactory
computor.

As the substrate enters the cell via power
conveyor, it is 2gain scanned by a bar-cade reader
to alert the cell controller to index appropriate
tooling and program pre-set parameters. The
material enters an unload en.elnpe where a robot
Jucates it to an overheas prck-and-carry system for
delivery to an adhesive-spray station.

At the next station, the substrate will either
be gre-cut by a robotic water-jet culting system or
indexed to a bottom pick-and-carry system foy
passace throngh a curing nven.

The substrate is then transferred to an
overhead pick-and-carry system for transport to the
cover-stock lToau station where it is married to the
cover stock. The cover stock racks. with the
scheduled cover materials, are placed on power
conveyor and fed to 3 sheeter. The material is
then cut to the size of the substrate as determined
by the fartorv-management computer schedule. The
tarkiness of the adhesive will retain the rover
stock until it reaches the lamination station.

Two laminating presses await the covered
substrate from the bottom pick-and-carry system.
The use of two presses allows the system to make
carline and model changes withou' interruption in
the fiow of stock. The press not being used will
have & tool positiored for the nevt model, scheduled
by the cell controlier, to be run on that line, and
each press will include an automatic die-change and
die-preparation station tn facilitate quick die
changes to minimize downtime.

After lamination, the headliner is inde.sd out
of the precs to an index-holding station where an
overhzad pick-and-carry system will ticnsport the
headliner to edgefold.

At the edgefeld station, a robot dispences a
bead of hot-melt adhesive to the barkside of the
gre-tut cuhstrate and turns the cnver material over,
folding it te the backside of the substrate.
Grippers hold the substrate in pasition during
edgefold to avoid any misaiignments cr movement of
part during the oprration. Once this operation is
camnleted, the headliner will he indexed back 97 to
the hottom pick-and-carry system ifuor transpert to
the final-trim station.

Finally, a gantry-type robotic water-jet
cutter, knowiag which part is being cut through
fewdhack from the rell controller, teims the part as
progiammed. iae headliner is then placed in 3
park-out cout-iner (actually the same <pecialiy.
designed shipping contairer) and moved i(hrough
another bar-code station situated alang the power
conveyor line. The stock will be registered with
the cell controller, ard this information will al<o
he forwarded to the factory-management system ior
inventory, shipping, and billing purposes. After
completion of bar-rocing, the power conveyor 4ill
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move the packed container to the end of the ronveynr
and position it tor AGY pick_up.

The AGY will transter the packed <tnck and
transfer it to either the ftinish-stocl warehouse tor
tuture shipments or directly to the cutaving
stock-holding area tor tinal shipment. In either
vase. the stotk is entered inte im ontory and
Tocation is identifiad.

Thke (IM design utilires distributive control
and modular desian approaches which allow for
tlexibility. Future CIM evpansion capaoilities
inr Jude maintenance dispatching. decision support,
make/buy cost analysis. and supplier quality
tracking. The tactory-management-iomputer system
rould petentially support shop-floor scheduling and
inventery-control functions for other areas of the
plant, and in combination with the aytomated lines
and the material-handling system, increased
preductien, reduced labour, scrap. and engineering
rost can be achieved. (Source: American Machinist.
April 1a9m

Using CIF in engine repair facility

At the Soachata repair plant, computers oraganize
everything — estimates, supplying of parts, and
wre - from the moment the jet engines arrive.

The CIM {computer—-integrated manutfacturing)
concept was formerly reserved to mass—production
plants. MNow the repair sector is in gn the fun.
Sochata, a SHETMA subsidiary, has just inauvgurated a
hrand new facility in Saint-Quentin-en-Yve'lines for
repairing airplane engines in which comprters are
aubiquitoy-..

The tarility already has 150 ronsoles *hat
communicate with earh other in a network: there
~i11 be /00 between now and the end of the year.
fwo romputer~, one of which is a Byll DFS 7040,
supervise the whole operation, working in parallel
with compters of the ather Sochata fartory, in
Thatelleraylt, if needed. A specific program,
thr . ~tered Bnaster, was developed tn manaae all the
tasis.  The inspertars une it 35 soon as the engines
arvive in the ingpection shop, when they enter, via
the terminala, the Tist of repairs Yo be made and
the reterence numhers ot the parts.  The computer
immediately figures the cost of the different
nperatiocs and ~honses between vepair and
replacerent of the detertive components. This will
aptimize estimates. [f a part is needed, the
sarehouse, which antomatically, manages 2 800 ~tack
haveo . ia informed the very nevt minute.

Braidon being tast, thia aet-up, whirh is
lintad to the GPAD fcomputer-asaiated product fon
managemeost), eliminates all paperwork. With juqt
thig in mind, Sechata 14 preparing, toarther with
"EM International, to do away with the some
.0 millron pages that make up the technical
documentation of (fM S engines. They will make way
for siv numerical optical disks.  The Tatter will be
able to be consulted via <creens placed throughoot
the difterent shop flanrs, which alsna make extenaive
use ot data-praressing;  the washing and pickling
Vine, faor esample, i+ nperated by a loading robot
that automatically 1ifte the party from bos tn bos.

Thiqa ultimate in computerization will
substantially reduce the amnunt af time engines will
bo out ot serviece, (Source; | ‘Usine MNouyvelle
fnphnologies, Mareh 1990)

The “Cimple” approach to CIM

Experts at General Electric, fanuc Autematinn
Div.. claim that there are two majnr reasons why tke
factory automation market has not arown faster in
the last few years: the perceived high cost of
integrating systems and the fear of failure. Rut
based on more than 15 yea.s ot experienre working on
targe and smail automation projects, GE Fanuc has
built a cache of systems know—l.ow that prcvided the
Fasis tor their Cimplicity systems tor tartory
automation.

Modular hardwdre allows initial systems rost to
be minimized by using only those modules that
satisfied immediate requirements. Then. the
Cimplicity architecture can be expanded to inrciude
new functions by adding modules to the existina bus.

In addition to modular hardware. GE fanuc has
introduced application-specific software modules
that link factory-floor controllers to DEC and
IBM-compatible industrial computers. GF claims that
they provide the advantages cf customized systems
without the bigh cost associated with customization.

Twn IBM-based products include the System 000
Mod=1 [ and the Cimstar I/386. Model [ is a
monitoring and control system tor small to medium
factory-floor applications; {imstar [/386 i< for
targer factory-floor apniications at btoth the cell
and area levels.

Mode! I consists of the Cimstar [/2R6
IBM PC/AT-compatible industrial cemputer and
Cimplicity application software. It commuynicates
with factory-floor controllers for monitaring, alarm
processing, and dati management. [t alsn contrals
ind'vidual manufacturing lines, cells, and areas.
Process variables are monitored continuously and
displayed on colour graphic terminals. The Mnodel |
system includes an 8028C processor, a 1-Mhyte P’M, &
50-Mbyte hard disk. and a 1.4-Mhyte .5 in. dis}
drive.

The Cimstar [/386 rontains 3 3i/-hit AN?AAK
processor operating at 16 MHz with zero wait
states. An 80B37 math co-processor can be added tor
ectensive floating-point applications. RAM memory
availablz ranges from 1 to 16-Mbytes. Thisg
architecture handles data arquisition,
erocess—variable monitoring, and high-speed
graphics., It is fully compatible with a4 wide
variety of IBM PC/AT hardware and softaare.

The proces<or board containg a fentronies
parallel printer port and twn serial ports
confiqured as RS-237 or RS-A27. Optiona inclade an
nptirallyv isnlated RS-V port, mescage Tight | aame
port . nvertemperature <encor, powerfail detector,
and a software-readabie key-awitch. The base unit
tontains a S0-Mbyte hard disk deive with % me
averaqge access time, and a second aptinnal N.Mb,ty
drive that tit< the same hnusing.

Fhe Cimstar DX is the DEC-based industrial
computer for factory-floor automation. four
processnr options are available: MicroVAY,
Feal-time VAX, PDP-11/83 and POE-11/%72,

Applications software includes MicraVMS, Ultroy | and
Vaxeln that are available to systems intearators o
users who need these special features. Standard
snftware modules available are statistical proces.,
control, tonl management, and maintenance
management . Other solutions include DNO, monitoring
and alarm, and cell control.

Cimstar DX computere interact with programmable
rontrollers, DNC, and other intelliqgent rantrollers



on the fartory tloar. Sarial link< inrlode RS-JR0
RS-ilt, ar RS-1'C. Two Voral-ared network optirns
include DEf nat ‘Ethernet and the MAP <tandard ~ith
sither hraadband or rarrier-band widem<. Mase<
stoiage availabre for the DX computer is either

a 4 or 7i-Mbyte hard dri.e. and a 1. -Mbyte floppy
dich drive. [See tigure on p. K1} (Source:
Machine Design. b October 198
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From CIM to IS spelled success at 3M

As part ot its efforts in the life sciences

sector. M nperates a plant in Braokings.
Snuth Daketa, USS, tn suppiy products te the Lealth
care industry. This plant employs 700 peopie. has
11 aress uader root. and contributes sianificantly
s M Health Tarsts §1 bhillion in g!ob:ci sales.

Rronkings' princrpal products are syraical
tapes and drapes. masks. past-operative tapes and
related produ:ts designed to save evpensive hnspital

iabour rosts. speed healing or improve patient
wcifare. The plant man:tartures about
1.000 different prod otz with perhaps 100 ir

production at anry ons *ime.

Tommar. *a atl product lTines is batch pracess
manutarturing, as opposed to discrete assembliv.
Broskings ronverts bulk raw materiais to bulk :olled
awnd~ and then ronverts again tn individual
pasbages, sach as ralls of tape or nperatina roow
drapes.

Keepina up with the corpetitive pressures in
the industry require< a constart flow of new
products. Froduct Tife:ime is now down to two years
An somae items. Management cannot be sure wha! the
product mix will be in three or four years. The
implicatian for management, K “owever, is ¢lear:
flecibility at every level of the operar:in s
mandatery.

From TV to IMS

In the early 19805, ‘he Brookings plant,
already automated at *the pra:ess operation leval
hagan investidating apprraches to compiter
intoqratad manufarturing ¢CIMY . Tust-in-Fime (J[T}
and Tata' Seality Tantral (707} were implemented at
about *hat time, and a feasibility study for o 7IM
approach was undertaben. A this point, the prciec?
was still farused on the engineering side nf plant
information preresaing, eswentially a higher form of
process cantrol,

Around T80, maciyemert widened the horizors of
the prajert tn enrompass the tnral integratine af
All the infarmatian tarhnnlngy the plans.
that time, "CIM' reased t9 he suffiriently
descriptive nf the artivities management had in
mind; the projert recaised a naw name - Intearated
Manufarturing Sy~ temn (JMSH,

i At

ta ju~ -iy the expanded scnpe of M5 ~oery
po.sible area of savinags thet rould be draa from
wa-. identified, Opportunitinas appeared particciarly
promining in the ireas of waste reduction, tacrsasod
marhine ytitization, inventary vadurtica,
claritication of the manufacturing process, improved
04t accounting, better ot *rarking, and faster
installation of new manufarturing systems
Significant productivity improvementis were al<o
prejected for bath hourly and salaried labour.

v

Paybark projectiaons were presented to corpnrate
management. and approved, and, in 1987, the

- &R

cpaditi-ations asre put hatere potent al sygtem
cendars far bids. Implementat or heoan 1S qed |
with enhamremants, 1S 0w AR CUTrIeey Prees ASs

Implementing IMS

Amang the syttem prioritiss, 'irst and laremns®
was single-zuurve data eatry. The dats that
the businzss. terhnical oad adeinistratiue
at Brookings overlaps by R)-7 peo- rent:
no data shou'd ever need to e entered
once, and 211 data should be availabie
applirations.

drius~
Systems
thorefore
than
arracs ai’

more

Niher prigrities included a timilar “'rnak and
tecl" for all applications: sedaiti.a”
interfates to malte the gperatnrs sant 10 nuss

A
Er

.ystem in spite of campetinn recpancibilitioc:  and
ar_Tine edu-ation. so ar aperator in the mid RLE
precess cperatien does not find himherse .t at a
Tess a5 to «~hat to do nest.

Teo simplify rrojort maragemen® and suppert. o
single hardrare vendor was souqaqhtc  nne whao
streng ir the area of irdustry-standard
rommenicaticrs and who was rapable ot
irtegrating/conne-tirg mith other vendors’
intt;nmenfé and s,;teﬁﬂ in tise witbip ard hoyand the
ranfines of the plaat.

wt,

The software wvendor Fad to provide
ntf-the-shelf pacbages rather than daselopma-t
assistance tor tuyrn-bey applications.
important at:ribute o! those cir-aues wusl
their ability to be modified edsity, their
configurability. [t M was *o have the abiiit, %0
mocify its plant systems to meet censtanti. cha-
competitive envirgnments, the soflware hal 2 be
instantly recorfiaqurable *n retfert the -oa
conditions.

The mng?
o bhe

boR]

ng

ODiher software vendor selartion criteria
included packages that were easy to use, with tacls
instead of applicrations that would enable in-house
peaple tn build what they nesded as they ~ent alang

Given its remnte Vosation, project management
wanted ramplete ownership attar systom a-coprance,
They thus desided to assian in-plant peapls to
maintain bath the hardware and the <aftaa-e aftar
implementation. For that reassn,
transfer berame » critirally irpartant
managemnnt .

tarhrainrg,

Tanys with

Following a capabilities demanstratina and a
thorgnugh reviews nf ‘the praodurte and persan: =t
inyolved, tho Qrantings team <elerted
Hewlott-Pa-tard and bl Technninay rf
jnint hardware/sottaars coppliere and i
HE Adedra.ied the hudiness ard admiristya!
of IMS using its MM/FM 00N prodacts (Mangtactaring
Marzaemen® and Pradus tinn Management | reapert e’ |

3L lots o
b per Wb

kr AT R4S

ronnineg pn the HP DA misicemprntes ) far o tle
faundatinn. Hilea cancentrarad np She tarirn.-al
Araac with ita Maniteal prodact  an applira*ron

dese'oprent package running nn HE NN Seps oo woen

and R00 - mputers.

Manitral has some particnlarly apt
rharacterictics for M’ Tt o 4
fourth-generatvon, meni-dri.an, uner—castigurabie
software toal that can be used by plant perannnel
from aperatnrs to managers. [t download- pracess
information, setpaint< and specifications to the
plant flnar and provides for clnsed-loop contrnl and
automated statistiral proress control (SP7). Tt
allows process graphics to be created and altered
easily. Tt acresses desired data, manipulates it as

neads




nocessary and displays it ir a variety of desired
tormats - a'l «ithout the need tor proaramming.

Beyond confiqurability. Mo: itrol enabled M to
integrate the Brookings process lines with the
business and adwinistrative systems, through the use
of szveral ksy itndustry standards, including UnixR,
X-¥irdow versior 11, SOL. and (EEE ROZ.3
comaunication protocols. Meonitrol also provided
tully distribited data hase and proce<sing
capahilitizs,

IMS - Beyend functicenal boundaries

Very few companies even consider tying their

administrative systems into their CIK structures.
Typically, UIM projects involve engineers.
production planrers and inventory control pecple.
At Broniings. howsver, IMS allows tie plant manager,
the bumar resource manager. the cost accountant. and
arynie else with the appropriate clearance to access
the irfermation they need.

In many CIM environments. maintenance 1s not
included i the system. At Brookings, equipment to
pe Laker cut of service is planned out in the
rontext of production scheduling. moved on-line. and
performed to the greatest extent possible by the
cperators themseluves. The result is a sianificant
improvement in machine utilization.

irn the manufacturing area, recipes can now ba
downloaded avtomaticallv, eliminating the errors
previcusly caused when operators loaded the wrong
tapes into the PICs, a source of waste in the past.

Training and education is now an on-line
function at Brookings, so management knows which
people are trained on which equipment and to what
level.

D siributed processing

[t is importan® to note that applications
running on one computer may actually be using a data
base residing on another. 1In other words. ali
Monitral applications are fully distributed. In
addition, personnel can interact with an application
running on the administrative conputer in a window
tX-Window} while sim:ltaneously monitoring another
application on a process computer. This means
qreater tiexibility in extendinc and integrating the
manutactiring environment .

The analysis of data/information at any time
during the process and atterwards is easily
arcomplished frea any terminal or PC on the
network. The X.Wirdow terminals and Unir-based
devires also n‘fer the most comprehensive
capabitities for graphics and data manipulaticn,
permitting mu.tiple applirations to be v »wed and
artive “ilauitaneously. There are over
50 terminals . Pfe and engineering workstations
currently on the netwark, and each one has tul!
cffice systems functions (elestronic maii, word
processing, etc.) which further compliement the
analysis capahilities nf the system.

At the Brontings plant, IMS is a process which
rontinues indetinitely rather than a projeit with a
beginning and an end. Brookings people continually
add new enhancements, and the introductin- of new
products constantly drives the additicn ot new
capabilities to the <ystem. Thus, the technoloqgy
transfer that management initially insisted upon has
indeed taken place.

- 59 -

Because it was installed in modular fashion,
benefits became apparent early on in the
implementation. For example, Brookings has already
attained a 4R per cent reduction in rejects on the
first of the plant's three principal process
machines.

In addition. management originally estimated
that the IMS system would pay for itself one year
after implementation was complete. However, the
syste— had already begun te pay back within a3 year
of time implementatien was initiated, with about
10 per cent of the annualized projected savings
showing up at that time.

Management alsc points out that the proces< of
implementing the IMS nas brought sbout critical
insights into the manufacturing process. These
incights lead to improvements which, while nat
dirc:tly relate- *n the managemeit system itself.
might never otherwise have come atnut. (Extractsd
from Industrial Fngineering. february 197

Softwae tor CIM project investment

A software p>chkage called AutoMan allows
investors t. iiclude non-firancial and e-en
non-quantitative criteria in their analysis. for
this reason it is rxpected to be kelpful in
evaluatirg majcr investments for automated
manufacturing where such factors as throughput,
iead time. quality, and flexibility are part of the
picture but de not fit in counvertinnal investment
analysis.

AutoMan was developed by the Hational Institute
of Standards & Technology Center ‘us Compuliry and
Applied Mathematics, under sponsorship of the AMRF,
and with MANTECH support. The Navy, CAM-1, and 3
cersortivm of manufacturing firms were also involved
in the development.

It uses four steps tu mea-.:.e the impact or
potential investments: (1) define the decisian
model by identifying the impact criteria;

(2) establish weights for the categories and
eriteria through pairwise comparisons; (1) rate
investment alternatives with respect to each
criterion; and (1) compute 3 weighted average
rating tor each investment alternative. There ran
be up to seven categeries of impacts and sevrn
criteria per category.

for additicnal intormation, contart
D-. Stephen F. wWeher, AMRF Project, Building 107,
Room A-41%, NIST. Gaithersburg, MG 20897, USA.
(Source: American Hachinis®, HNovembher 198%)
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Unmanned (M moulding shop supplies part,
just in tiwe

Ar eight-machine injection moulding pre . .oting
cel! de.ised by Klockner Ferramat k Desma (¥EDY for
domestic appliance manuf:>rturer AEG's plant at
Rothenburg, federa)l Republic of Germany, ~ill bheqgin
produring pa ‘ts on a4 just-in-time basis for AFG'<
vacuum rleaner assembly operation, located nn the
same site., The system is designed to operate
gynmanned around the rlock. Automatir contral ot all
functions, including changing of materials, moulds.
and plasticatizg units, is fully integrated within 4
romputer network.




Lontrol systems for the equipment are linked
via a bitbus to a Hewlett Packard cell supbervision
computer, which s intearated through a local area
network (LAN) into AEG's existing Ethernet computer
retwork. The romputer-integrated manutacturing
(CIM) concept was chosen by AFG for its ability to
cut required manufacturing capacity. material
Insses, stock level:, and labour requirements, and
to increase operatian tlexibility, while deliverina
higher quality parts on a just-in-time basis.

fell computer handles data

The cell romputer i< responsible for
supervision and control of &Il functions in the
production rell. [t enables the cell te cperate as
part ot AFG < UIM <y<tem. or fully independentl,.
feeess to the computer is gained through five
terminals which 3/1e Incated at bey peints in the
fartory.

[nformation on how many parts of a partivular
type and a particular colour are required is
requ'arly downloaded into the cell computer from
AEG s rentral compiuter. The cell computer ¢ocides
which machines should be used. on the basis nt the
urgent - ot the requirement. availability of machines
and moulds. lowest changeover time, and Towest
matevials loss. Wher a changeover i< required, the
rell computer download. data on the new mould nor
rlasticating unit to the relevant moulding machine
and robot., and to the preheating station. [t issues
*ravel commands to the tool-.hange wagnn, and it
provides instructions on predrying and delivery «f
material *o the materials handling system.

The cell computer collerts and stores
prores<ing data {processina parameters, number of
parts made in a run, material usage, downtime, and
reasant trom earh olement in the production cell,
Any adjustments made to machines by operators are
ol Genued arcording to time, and number of parts
made . Using this data, *he romputer caleulates
nperating protocois for any period from the current
<hitt tn a tyl!! year.

Avtomation of the mould and plasticating unit
changenvers enables a massive reduction in product
shareaver times.  Praduct changenver of all eiqgnt
maetding marhines can be achieved in one 8-hour
f+ - a roansiderahle <aving over mannal changeover
wentemn. The sianifioant reduction in downtime
*har this provides has enabied AFG tn raduce the
rombier af montding marhines 1Y needs from nine *n

bt

The produ:tina 1l comprises twn "SN0-RM
ey tian moniding machines, and i ANDO-KM ynate
tac parallel Vines of fogr.  AlY units are
vatpped with o rabotic part remaval dovices that inad
n tnoan nverhead ronveyor system running hetween
Yiae bt 10as, A groand Tevel | oan agtomatic warnon
e ln tranaporty monlde and plasticating unitsg
Liteenn a atovage unit . a preheating <tation, and
he moglding machines,

sy

freripheras equipment integration

The materials handlinag system, <upp!lied
by folartronic Reinhard, Friedrichsdorf,
fod. Rep. nf Germany, incorparates a series of
“ontralized <ilns, feeding twin hoppers on sach
marhine via a vacuum line {(AF(G proresses arnund
seven atandard cnlalurs, and a higher number of
Tow-run "aperial” rolours).  The maulds and
plasticating units are fitted with Stauhli
IBayreuth, fed. Rep. of fiermany) multicoupling
wystems for electrics, water and hydraulirs.
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The robats, supplied by Remak_. a subsidiar; ot
KFD, are <ervo-driven, and have an advanced teach-in
tacility and movement control: the operator enters
co-ordinates for each of the three awes. but eonly
one velnrity. relating to the resnlved dire Vina nt
motion of the robot. This rontrasts with systems in
whi:h velocity has to be resolved alona earh of the
axes ot movement. Equally, the robot moves
simultaneously along three axes. reducing *ime taten
to achieve a uiven movement by up *o 40 per cent.

Robots remove the sprues from the mculded
parts. Three paraliel ceonveyz— belts run bhetween
the marhines. Vhe robots plare the partc as any are
of the three. A series of sensors prevent the
robots from plarirg parts on top of ore atnthes

One wage~ running ¢ a track hetween the Van
rows of machines changes bkoth moulds and
plasticating units. It has a maximum Toad-bear:n:
capacity uf 6 t. and can hold two moulds, which
enables it to change moulds at the machine wirhaut
having to return to the storaae bay half wa, *hrauah
the preocess. However. it accep’s enly one
plastirating unit at a time.

A1l moulds and pltasticating units have
elertronir identity tagc that are read by an
induction uait on the wagon. The data orn the tag
is vross-checked with the data in the production
pregram to ronfirm that the wagon is pi-king up ths
correct uynit. C(hangeable arippers for the rahnt<,
stored above the moulding marhines, are <sim:lart,
coded.

The nagon has two spezds - a normal runring
speed and a <lower, aporoach specd. Safet, feat.re-
include infrared <ensars that *riqaer a poesr
cut-out it factory pe:sonnel inadvertently come
within a set distance of the wagan. Ffurther <afety
ieatures include touch-sensitive bumpers, alan
eonnocted to the cut-out tacitity  and emeragend,
stop buttons orn each rarner ot *he wagon. [f *he
waaan stops through a triggering of any of these
alarms, the prngram stored in tne wagon is not In<?*

During nermal rur- ira. the wagrn is in a rest
position, rennected to the prewarming station.  The
cell compater downloads instrurtinne on tand
changeovers to the wagon via *he prewarming
station. A3 a safely measurs, the wagnn repeats
back te the computer the infarma*ion vt recr.veq.
Thea, at a time calculated by the rell romputer, the
~aa0n fetches a tonl from the wtnrag. area. and
Inads +* into the preheating statinn in readiness
for tne produstian chanas. The preheating phase o
raltulated tn run 50 that *he tonl i< read; tn he
innerted intn the rachine just as the machine

finishes its current job.

The wagnn Inads and unloads moulds direcrty 22
their staraae pasitinn.. AFG bas arcand 1 maald-

tor use in the <ol . most tnr variags modeis of
varuum cleaner, plas o limited roamber af moglds $or
ovrns and other AFG produrts - byt anly T4 pasitan.

are directly arcesaible ta tip wagqon, tools held -n
remote areas dare hrouagh! alanaside the tracey in
advance on a tool-change table. for the
plasticating units  there are four stovage plaras.
The plasticating units are taken fram the wrann and
put into storage by -rane, since qpace renstraint -
dn not permit an automathrr racking nystem,

Retaining a human element
Although the system is the most highly

automated yet devised by KFD, the numan element i-
still ingispensable. A1) parts are rherked by eye




far surtace impertertions, before thay are sent to
asse~bly. The guality control personnel have
iwdividual tercinals intn which they report on ea.h
item insperted. Data is ted into the TIM system.

- 61 -

automati-ally Touged in the cell computer.

And at the manual packing station, personnel
enter data on rejects through individual
terminals. Regular quality control reports ara

entered by the QU statt. (Klnckner Ferromatit
Desma GmbH, Riegeler Strasse .

D-7R31 Malterdingen. Fed. Rep. of Germary)
tSource: Modern Plastics International,

April 1990)

Automatic. and manual quality control measures
are used. It *he moulding machine registers a
part that i< gat ot specification - owing ‘o
processing parameters falling outside set
limits - the part is automatically diverted to a
scrap bin. The details nt tne incident are
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9. MARKETING

LIM system integrates factory

Work (ell Marager provides real-time operating
information from production equipment o~ equipment
<tatues, accept and reject rates, production counts,
and quality measurem2ats. Factory managers can
access an overview of the entire factory and zoom in
mn a particular machine or operation. Machine
:oerators can acrcess real-time statistical
process—controtl (SPL) functions and are notitied
when 3 preblem occurs or i< about to occur. Work
ell Manager communicates directly with programmable
toaic contrellers and other third-party devices and
ronnects with other plant computers via LANs. The
CIM =system consists of ane or more MicroVAX
computers. a software core. and up to 12 optioaal
standard software modules, and is available as a
stand-alone product or part of a turnkey package.
wort (eil Manager prices start at $US 35.000;
tuernkey system prices range trom $US 200,000 to
$ijS 100.000. (Morthern Research and Engineering
Corp.. 33 Olympia Ave.. Woburn, MA 01801, USA}.
(Source: Machine Design. 2¢ February 1990}

CAD pathway to CIM

A new version of the CIMCAD design and drafting
sottware package provides a low-cost approach to
fu'l CIM. Costing ltess than £3,000, it is available
under Unix on the full range of Sun, Hewlett Fackard
and Solbourne workstations. The manufacturer’s

pricing policy enables CAD buyers to look beyond
basic PC-based systems to a comparably priced CIMCAD

paclage which can be evpanded. with grawing
app]i(ations. to CAF, in!e”igong documentation
produrtion a=d tull TIM.  (Source: Metalaorking
Froduction, mid-Marei 1090)

Integrated bench-top machiras simed at low-rost 7IM
training

Boxford's new flevible manufacturing oystem for
training appiications is claimed to give fuyll
tacilities tor introducing computer—integratsd
mancfacturing with bench-tup machine units, at a
starting cost of £21.000.

The Boxford 160 TCL CHC stant bed lathe,
196 VMC vertical machining centre and a siv-a«is
robot which make up the system can be operated with
central control or used independently. /Source:
Machinery and “roduction Engineering.
¢ February 1330)
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Reyngrd Racing Cars is investing in a
computer-integrated manufacturing system fram
CIMLUINC. s a first stage, three Sun Spare
4/110 workstations, running CIMCAD and TIMCAM
software have been installed and eventually there
will be link: to computer systems throughout the
factory. (Scurce: Machinery and Production
Engineering, 2 February 1990)

s & o o
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10. PUBLIVATIONS

NI DO

kepublir ot Korea. Report of training in
computer atded design techniques

Seerensen, M. Vienna. I98%. 38 pp_. qgrarhs.
diagrams. UMIDO publication. E.pert report on
trai ing orogramme< in computer-aided desian held
in Rapubiis nf korea — covers (1) lectures and
training given at a tecrhnological institute (FAIST
toncerning:  uce of acquired seflware pachane:
avpert <,;stems: teature tecrhnnloay: an integrated
graphic evehangs system (IHESYD (AD and +AM
modeling techniques: (Y romputer integraterd
margfar tering tunctiona . Recommendat inns,
diagrams, li<* at dorument<.  Additional
reterances:  computer program< . computer-aided
manutacture, models.

FMEREOMSIN T, BRESCTIA, TTALY

Manutacturing systems enginesring proyramme at the
Asian [n<titute ot Technolngy (AIT). Banagtnk.
Thailtand. Fival r-port.

Vienna, 1188, » pp., tables, diagram.
Aesictanie tnoa technnlegiral institute in Thailand
tn setting up A programme for engineering desian
#ith apecial reterence o computer-aided
martactiye - cnlere 11 project nl\ju(!ivuc and
implications for regional development
t>y euplgtion of the industrial enaineering
diaripiine; Jonmpnter-inteqrated manutacturing

svstem< (F M5y 1) factary actomation and
industrial enginecera: (1 the institutional
frameanrd I project articities and outputs;
N praoject anpats, Inb decrriptions, diagram,

hudaet tables, anneves.

Future TIASA publication~

Volume 12 7 IM - Revnintinn in Progress,

Ayres.

Ynlgme [T (1M - Terhnnlaay Survey and
farecant ., R.U. Ayres., MF . Marchant | and Y. Ranta,

ode .

Ynlume I11: (M Adnption and Ditfysion,
R Ayres, W, Haywood, and . tehijnv, eds.

Volume [V CIM — Feonomic and Sacial
Implications, R.AI. Ayrea, P. lDohrinsty, W. Haywand,
b ootino and B Juseovatrh, eds,

tfubtication ptans far Volume Vi ([
Managerial and firganizational Impliration,,
1. Beenant . 1P FYtlien, R Tarkumar, . Kn:ar and
1. Ranta, ede. . are yeot tn he ootablbiched )

The TINSA projert an compater-inteqgyated
manufactyring will have been angoing tor foar years
At the time ot the Iuly 1'VI0 caonterenre.  Duyring
this time researchers from around the warld have
investiqated all asprcta ot the probiems and
potentialitien ot the roneopt

The project has heen truly international,
rovering rountries from both Fast and We-t | with o

particular emphasis on rtountries with fairly
well_-developed industrial eccrnomies. It is hoped
that future work at ITASA will al<n include ar
analysis of how TIM is affecting. cr is likely to
affect, developing or 'ess-developed countries.
(Publishea by Chapman & Hall, london.’
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frends and impacts of computer-integrated
manufacturing

J. Ranta, Editor, Januvary 1989, WP-873.1.
Fraoceedings of the "Und TIASA Annual Werkshop on
(IM: Future Trends and Impacts”. TR0 July 1988,
Stuttgart, Federal Republiv of Germany and "The
11453 Workshop on Yﬁthno]qgi(al Fartors 1n the
diftusion of CIM Techrologies”, Jd4-J7 May 1938,
Fraague, CSFR.

International Institute for Applied Systems
2~alysis ([IASA), A-236) Laxemburg. Austria
Faw: (02736 J1213, Telex: 079137 iiaca A

PCs for engineering

Simulation and analysis tools, elertriral
CAE/CAD software, plotters and digitizers,
data-acquisition and control devices, and sottware
develnpment tools are amnng the featured praducts in
this comprehensive SZ-page catalogue.
Instrumentation, signal-procressing and analysis
devices, data-communirations bnards, vnice
synthesizers, agraphics and mathemaiics software, and
project-management systems also arp shawn. listinas
give in-depth application data, selection
quidelines. and prices. PERX. 1730 S. Amphlett
Blvd., San Mateo. CA 04407, USA.

PL share source

A 1.-page brochure describes several shareware
products available for PC-XT and FS/2 systems,
Introdiuction explains shareware roncept nf trial
runs and low registration fees. |istinns give hrisf
decriptions and operating requirements for FAD,
drawing, curwe digitizing, modeling, data base.
spreadsheeting and word processing programs.
Mathematirs. statistics, ftinancial proaramming,
rommunications, and utilities alsn are ravered
Prafessioral Shareware Source, Ro« U/ RT Fant
fFearia, I 61611,

IM produrts quide

"CIMPLF, berause TIM should make things <impla”
presents 113 hoobs, coursen, videntapes, -eminare,
and ronferences related to computer-inteqgrated

manufarturing.  Introduction parbage, management
qroup. and planning sections nfter apecialized
information at a nlance. Dther <ertiong deta:’

FAD/CAM/CAE, factory.flooy computers, networking,
JIT, and other partinent topics. Society nf
Manutartaring Fngineers, Box 930, Dearborn,

MI ARI21, USA.




Computer-integrated testing

Edited by Allen Buckrayd. NY: Wilev, 1989.
104 pp.. USSHA.A5.  RIN.ATTT TSIRR.6 A2-10970.
ISBN 0-471-504R6-b

Contents: [ntroduction to CITV. Computer-aided

design. Case studies. Miscellany of extras. [Index.

Note: Computer—integrated testing (CIT} 1s
viewed as an essential aspect to computer-integrated
manufacture (CIM). Papers are ir*anded to aid
senior engineering staff invelved with CIT to
mavimize henefits of implementation. Chapter
reterences included. Appropriate for academic and
research-level enagineering collections.

Software and 7 IM module

Set of brochures on application software tor
users ot IBM midrange computers includes information
on business planning and control system (BPCSY, a
completely integrated HRP Il <oftware system that
performs manufarturing. financial, data collertino,
distribution, and decision functions. Also covered
is SSA's CIMPath support module that allows BPCS
application software to be tied directly to
machinery on the plant tlaor via CAD/CAM equipment.
System Sottware Associates Inc., 500 W. Madison.
Chicago, IL 60606, USA.
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Intelligent design ideas

Systems for design, envineering, and
manufarturing integrate the product cycle and are
said to save time and money. A colourful 20-page
brochure concentrates on information management.
specificaily tk ough integrated auvtomation.
mechanical design functions, drafting optiens,
testing without prototypes. and analysis modes.
Factory-floor automation, factory planning, and CIM
integration alsn are stressed. Intearaph Corp.,

' Madison Industrial Park, Huntsville, AL 35807, USA.
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Lomputer-integrated manufacturing handbogk

Hunt, V. Daniel, MY: CTnapman & Hall, 1088.
322 pp.. USEST.S0. 670.47'7 TS155.6 B8-2575.
1508 0-417-01651-6

(ontents, abridged: The need for computer-
inteqrated manufactaring. Desrription of MM system
elements, Appliration of CIM. Planning for CIM
implementation. Nperatinn of CIM. Computer-
integrated manufacturing "echnology assessment.
Projected trands in (IM technology. US industry
perfarmance. Assessment of world-class
rompetition. Index.

Mote: Provides an onverview of the field of

computer~integrated manufacturing in an accessible
fashion. Orqganized in four parts, discussing system
fundamentals, 7IM application, technology
assessment, and world-wide rompetitiveness.
Includes a qlossary of terms, names and addresses of
CIM/CAD/CAM organizations, Lihlingraphy, and Tist nof
arronyms and abbreviations. Appropriate for publir
and academic libraries.
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Lomputer and information sciences - 3: proceedings
Edited by E. Gelenbe., E. Orhun and E. Basar.
Commack: HMova Sci Pubs, 1989 73 pp. SIU5.
001 QA75.5 BA_16390. ISBM N-41713-623-0

Contents, abridged: Computer networks.
Modelling and simulation. Artificial irtelligence.
Computer applications. Data base systems.
Robotics. Computer architecture. CAD/CAM. Irdices.

Mote: Cantains papers trom around the world on
a variety of current issues in computer and
information science. The primary forus i< the
appliication of computers in eduration and the
vapplication of artificial intelligence
techniques to build knowledge-based systems" 1a
areas as diverse as medicine, education. image
processing. pattern recognition, decision support
and simulation. Includes numerous araphs, rharts
and diagrams. For special and research lihraries.
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AutoCAD: the complete reference

Johnson. Melson, Berkeley: Osbhorne Mclraw,
1989. 837 pp. $39.95 620. T3R5 BO_1S1120.
[SBH 0-07-881d6H3-4d

Contents, abridged: Drawing. Editing. Test
and fonts. Working with menus. [Introduction to
AutoLISP. Programs in AutolISP. AutoLISF tunrtion
reference. AutoCAD command reference. [Indes.

Note: A comprehensive quide to AutoCAD
(Release 10). Autodesk Inc.'s computer-aided design
software. (Covers fundamentals such as installing
AutoCAD and learning program basirs. Alsn explores
advancod features like writing your awn programs in
AutoLISP and customizing AutoCAD for individual
applications. Appendix A includes a complete list
of AutoCAD commands for easy reference. Ffor
academic and public libraries with collections in
computer science and for individual users of AutolaD.
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Putting expert systems into practice

Bowermar, Robert G. ang David E. Glover. HNY:
Van Mas Reinhnld, 1988. 102 pp. 3$17.95.
006.3°3 QA76.76 871229 . ISBHN 0-A42-/0R17-1

Contents: Understanding expert system<:
technology and capabilities. why Al e<pert systems
do not have intelligence. Recngnizing knowledqe in
order tn selert an application. Stratenies for
selecting expert systems tanls:  features and ather
requirements. Expert system shell tools - product
analysi< hy feature. Specialized hardware and
programming environments far evpert systems.
Know!edge capture and codification, Integrating
expert systems into MIS and CIM environments.
Penple roles in creating the productinon espert
system. Conclusions and future trends. Inde..

Mote: Goal is to pravide practical guidanre
for the implementation of e«pert systems in two
types of corparate enviranments: management
infarmation systems and computer—inteqrated
manufacturing. Stresses strateqic design and
planning rather than academir programming or
reviewing current implementation methods.
Concentrates on general features of production
application of expert systems to enable readers to




apply principles to new materiai. Discusses
development of expe:t <ystems chapter by chapter.
Written for exerutives, project managers, and
snfteare enuineers. FPrereuyuisites are bacharound in
commervial or industrial computing and some
theoretical knowledge of expert systems. Includes
biblioaraphy. For research level c(ollections.

CIM - The Data Management Strategy (in 4 parts)

O0lin H. Bray. Pulished by Digital Fress in the
US, and distributed in the UK by John Wiley and
Sons. } Oldlands Wav. Boanor Reais. West Sun<ex
POCS OSAL 10 .50,

Fart one evamines the importance of CIM in a
comprehensive manufacturing strategy: part two
addrecses data management technology: part three,
the core of the book. describes individual CIM
tunctions and builds a generic inivormation model to
support each function; and part four discusses some
key intearation issues.
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Computer aided design in composite material
technology

Edited by C.A. Brebbia, W.P. de Wilde and
W.R. Blain. NY: Springer-Verlag, 1088.
560 pp.  US$IB. 670.1718'0285.

TAI18.9 88-70183. [SBN 0-387-19024-4.

Contents: Laminated analysis and design.
Software for composite material technology.
Computer simulation of filament windina and other
processes. Thermal analysis. Structural behaviour
and identification. Manufacturing processes and
quality control. Impact and wave propagation
problems. Numerical methods.

Note: Publishes 3R of the papers, edited and
with references, presented at the ist International
Conference on Computer Aided Design in Composite
Material Technology, April 1688, Southhampton, UK.
Main theme the application of computers to the
analycis, design and manufacture of composites and
structures. For research level collections.
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Computer-integrated manufacturing:
and challenges

current status

NATO Advanced Study Institute on
Computer-Integrated Manufacturing: Current
Status and Challenges (1987: Istanbul,
Turkey)

Edited by . Burhan Turksen. NY:
Springer-Verlag, 1988. 668 pp. $101.50 (NATO
ASI Series. Series F, Computer and Systems
Sciences; Vol. 49). (670.47'7 15155.6 8R-?8161,
ISBN 0-387-50220-3.

MNew directions.
Models toward

(Contents: C(urrent status.
Management of uncertainty.
integration. Indices.

Mote: Publishes 21 papers that review the
current status of ([M (Computer-Integrated
Manufacturing). Specifir topics considered include
computer-aided design ((AD) robotics, artificial
intelligence applications in industry, aggregate
producrtron planning, fuzzy set and fuzzy logir

N

methodologies. and flexivle manufacturing systems
(FMS).  For graduate and research level collections
in manufacturing engineering.
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CIM - Technolggie im Maschinenbau — Stand und
Perspektiven dar betrieblichen Integration. Expert
VYerlag. Ehningen bei Boblingen, 1989,

(Book written in German dealing with the
"factory of the future" whereby the emphasis is
being put on CIM).
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Research Centres Directory 1990

14th Edi.ion, Peter 0. Dresser and Karen Hill,
Eds.

A guide to more than 11,700 university-related
and other nonprofit research organizations with
continuing research programmes in the science,,
medicine, humanities or technology.

Indexed by research area and title. Gale. 1990,
2 volumes, 2,062 pp., hardcover, $290.00.
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The GEC research lavoratories 1919-1984

Clayton, Sir Robert, and Joan Algar,
Piscataway: [IEE, 1989. 438 pp. $80.
(Distributed by PPL Dept/TEEE) (IEE History of
Technology Series; 10). 621.31'042.

ISBN 0-86341-146-0

Contents, abridged: Origins, philosophy and
organization. Six decades of research. Lighting.
Commynications and electronics. Semiconductor
materials and devices. Engineering and technolosy.
Heating. Glass and refractories. Metallurgy.
Chemistry and materials characterization. The
1939-1945 war. Statistics and quality control.
Indices.

Note. After the first world war, determining
that British industry should never again be
dependent on German science, a group of British
industrialists set up the GLC Hirst Research
Laboratories. Originally established to do research
on lamps and glass, programmes gradually expanded to
cover electrical applicances, electronics, and
telecommunications. An institutional history for
Tibraries supporting programmes in the history of
technology.

L

The McGraw-Hill electrical engineering materials
reference guide

Edited by H. Jayne Beaty. NY:
Various pagination. $38.50.
89-12554. ISBN 0-07-004196-2

McGraw, 1990.
621.3 TKAG3

Contents, abridged: Materials research.
Carbon and graphite. General properties of
insulating materials. Insulated conductors,
Insulated gases. Mica and mica produrts.
Plastics. Insylating varnishes. (nating powders.
Wood products. Index.

Note: Definitions, formulas, physiral
properties of conductor, magnetic, insulating and




structural materials trem the new interdisciplinary
tield ot materials science. Intormation drawn from
McGraw-Hill Standard Handbook tor Electrical
fngineers. Ffor working electrical engineers.
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Electronics research centres: a world directory of
organizations and programmes

2nd edition. Essev: Longman, 1989, 573 pp.
$325 (Distributed in the USA and (anada by Gale
Research Company). 621.381'072 TK7855

I5BM 0-58.-03601-b

Secand editinn lists approsimately
1,000 research and technelogy laboratories in over
7% countries. Includes industrial centres, official
and uyniversity laboratories which conduct research
in surh areas as electronic engineering.
telecommunications, and computer science. Listings
arranged by country provide name of research centre,
address, telephone, director, activities, and
publications. A subject index as well as a tities
of establishments index provide access to listings.
for science and technology ariented collections.
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Materials research centres; a world directory of
organizations_and_programmes

3rd edition. Essex: Longman, 1989. 790 pp.
$325 (Bistributed in the USA and Canada by Cale
Research). €20.1'1'072 TA404.7

158N 0-582-03687-3

Contents: Argentina through Zimbabwe. Titles
of establicshments indev. Subject index.

MNote: Provides details for over 5.000 research
and technology lshoratories in 80 countrie.
Profiles industrial rentres, official laboratories,
and major university and technical colleae
laboratories involved in research in industrial
chemisiry and chemical process engineering,
hydrocarbon processing. refining technoloay,
metalluray, synthetic materials and fibres,
composite materials, and fine <hemicals.
Arrangement is alphabetical by country and
alphabetical by organization within country.
Fntries give title in original language and fnglish,
address, telephone number, telex address, facsimile
numher, product range, affiliation or parent
nrganization, name of research director, departments
and division and respective heads, number of
araduate research staff, annual expenditure, scope
ot activities, publications, and liaisans. Indexes
are provided for organization name and subject.
Intended as a source tor administratnrs, scientists
and engineers, technical consultants, marbet
tesearchers, and others. Appropriate for research
level rollertions and special libraries.
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Ferrouys physical metailuray

Sinha, Anil Kumar. Boston: Butterworth, 1980,
RBIR pp. $95. 667" .1 TNEDY BB-1916T.
1SRN 0-409-9012317-3

(ontents, abridged: {ron ~ carbon alloys.
Recovery, recrystallization, and qrain growth.
Pearlite and proesutertnid phases. Bainite,
Isothermal and continuous cooling transformation
diagrams. Hardening and hardenability.

— b -

Tharmomechanical treatment. Detects in headt-treatad
parts. Index.

Hote: A monograph tocusing on thenretival
aspects of physical metallurgy. with in-depth
coverage of ferrous allaoys (nanferrous alinys ars
given less emphasis). Aims to introduce “the study
of the interrelationships amona phase diagram,
free-erergy-tomposition diagram, kinet:r< ot phase
transformation, microstructure, property. and
processing tor better understanding the behavicur of
metallic materials". Assumes an introductory level
knowledge of materials science, matalloagraphy.
crystallography and physics.  Intended audience
includes practicing engineers. designers,
researchers, upper level underaraduates and
teginning graduate students studyirg terrous
physical metallurgy. phase transformations e
solids, or heat treatment i ferrcus alloys.
Comprehensive chapter reference lists and detaiiod
subject index enhance usetulness. For arademic and
research level engineering coilection~.

L

The beginning of the use of metals and alloys:
papers

International Canference on the Beainnina ot
the Use of Metals and Allgys (Ind: 1336
Cheng-chou shih, China})

Edited by Robert Maddin. Cfambridge: MIT fr,
1988. 393 pp. $5%. 6HOT.Q07 THIE 2709300
ISBN 0-262-13232-X

Contents, abridged: Early metalluragy in
Mesopotamia. Early copper metalluray in Oman. Tell
Edh-Ohiba'i and the southern Mear tastern
metalworking tradition. Early metallurgy in
Sardinia. Early nonferrous metailurgy in Sw~eden.
Prehistoric metallurgy in South-fast Asia: some new
information from the excavation of Ban Ha Di.
Archaeological investigations into prehistoric
copper production: the Thailand Archaeometal!luray
Project 1981-1986. Early £ast Asiar metalluray:
the southern tradition. Science and magic in
African technology: traditional iron smeltina in
Malawi. The metallury, of the iron bloomery in
Africa. Characteristics of rasting reveaied by the
studv of ancient Chinese bronies. netalluray of
ancient west Mexico. Traditions ann styles in
rentral Andean metalworkina. [Ioder.

Mote: A fascinating review of merallurgicoal
history from its earliest beginninas, AS0A-7000 A7
farusing on a numbar 3f areas of the warld ircladirg
fastern and Western Equrape, the Middle £ 1
South-East Asia, "hina. Japan, Mexico and the
Andes . loteresting interdisciplinary mi. of
Aeientis L, engineers, ar:haeologisnts and histariang
preser pdpers on such topics as ore deponitts and
mining, the heginning of metalluyrgy, ancien® alloys
and alloy development, the develgpment of early iran
and steel and archaeometric techniques. Reference
biblingraphies and intsresting tabies and phutos ot
artifarts and excavatinons. Univeraity and reaearch
Tevels.

Metals handhook Vol. 16 Machining

Preparnrd under the divection of th. ASM
International Hanubook Committee. ‘ith
edition. Metals Park: ASM, 1989. 99 pp.
3111, 669 TAARD 7R-14734. 15BN 0-87100-022-0




Contents: fundamentals ot the machining
proress. ‘utting tool materials. Cutling tluids.
Traditional machining processes. Grinding. honing,
and lappinag. HMontraditional machining processes.
Hiuh—prndurfivity machining. Machine controls and
computer applications in machining. Machining ot
specitic metals and alloys. Metric conver<ion
quide. Abbreviations and symbols. Index.

Note: Updates the 8th edition (1967) with
vomprehensive inlormation on current machining
technoloav. Also provides a comprehensive
description ot the evolution of machining
tachnalogy. Seventy-eight a ticles, of which 0 are
new to the present edition, cover all aspects of
material removal. Heavily illustrated and including
a detailed subject indev. An essential reference
tor all manutarturing collections.
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Cast reinforced metal composites

International Sympnsium on Advances in (ast
Reinforced Metal Composites (1988: Chicago.
[ IR

tdited by S.G. Fishman and A.K. Dhingra.
Metals Park: ASM, 198R. 413 pp. $85. 6A9
TAA81 RA-N71737. 15BH 0-87170-336-.1

Contents: Fundamentals of cast composites.
Squee:ze casting of metal composites.
Micro-structure/property relationships of cast
compo:ites. Mechanical/thermal behaviour of cast
romposites. [Triboloay, damping, corrosion and
evosion af cast composites.

Note: Pyblishes 58 referenced papers preseated
at the Symposium. Researchers and technicians from
arademe and industry discuss cast composites. The
initial overview article reviews historical interest
in metal romposites. For research level collections.
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Proceedings

[nternational Symposium on Advances in
Refractories foar the Metallurgical Industries
(1st: 1987: Winnipeg. Manitoba)

fdited by M.A.J. Rigaud. HNY: Perqgamon, 1988,
27 pp. B0, (Proceedings of the Metailurgical
Snriety of the Canadian Institute of Mining and
Metallurqgy; Vol. ). 667" B2 THGTT.S BT-3,788.
[5BH D-08-03-R719-9

"ontents . abridaed:  Steel industry
rofracteries .. what nevt., (omparative thermal
ranductivities nf silicvon rarbide refrartories. The
ane ot basic refractories in modern steelmaking
practices. The applicatinn of dolomite refractories
in ladle refining turnaces. Refractorv selecting
for non-ferrous smelting applirations. Retrartories
testing: the usefulnesc of the rotary slag test.
itevelopment of monnlithic steel Tadle at Gary
worke.  The development of *he rotary valve tundish
tlTow control -ystem. Indicos.

Note: Fublishes 23 of the 7?5 papers presented
at the first international symposium on the
subject. five main themes are covered:
refractories for iron and steelmaking;
refractories and ladle refractories;
smelting refractories;

basir
non-ferrous
refractory conrretes and
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testing; ladle and tunish refractories. for
research and level collections in metalluray.
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Metal torming and the finite-element method

Kobayashi, Shiro. Soo-Ik Oh and Taylan Altan
MY: Oxford U Pr. 1989 177 pp. $AS. (Mhfard
Series on Advanced Manufacturing: J}.

671 0724 YS213 B8-11995.  ISBN 0-173-50110Z-9

Contents, abridged: Metal-torming processes.
Plasticity and viscoplasticity. The finite—eslemant
method - Part 1. Plane-strain probiems.
Sheet-metal forming. Compaction and forging of
porous metals. Three-dimensioral problems. [Indes.

Note: Fills a gap in the bod; of literature on
metal forming by focusing on the application of the
finite—element method (FEM} to model forming
processes. Emphasizes applications based on (low
formulation (as opposed to solid formuslation).
Intended for use by graduate students and
researchers. Will also be helpful to practicing
engineers with a background in FEM who wish tn apply
it to the analysis of metal deformation processes.
(hapter references. For academic libraries.
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Strength of metals and alloys (ICSMA 8)

International Conference on the Strength of
Metals and Alloys (8th: 1988: Tampere.
Fintand)

Edited by P.0O. Kettunen, T.K. Lepisto and

M.E. Lehtonen. NY: Fergamon. 1989. 1503 pp.
$400 (set). €20.1'6 TA4H0 BB-17862.

1SBN 0-08-031801-1

Three-volume set publishing 230 papers
presented at the conference. Technical in nature,
the discussions cover dislocations, plastic
deformation, strengthening mechanisms, cyclic
deformations and fatigue, plastic deformation at
high temperatures, fracture, modern strengthening
method. in steels, and boundaries and interfaces.
References included. Far research level rnllactiong.

» * s e

Handbook of polymer science and technology Vol. 1:
Synthesis and properties. Voi. 2: Performance
properties of plastics ang 2lastomers. Vol. 3:
Applications and processing gperations. Vnl. 1:
Composites and specialty applications

Edited by Hichnlas F. Cheremisinoff., HY:
bDekker, 19819, /B3 pp. /4 pp. 664 pp, RO pp,
respectively. $185 each. K627 QO33R RI-IGAT,
[SBN 0-8247-8173-2, [38BM 0-8.17-8174-0,

ISBN 0-R247-8004-3, ISAN D-R247-8021-73,
respectively

A four-volume comprehensive and authoritative
source that unifies the theory of polymer srience
and practical manufacturing concepts.

Polymerization kinetics, reactor design, and
analytical methods used to study and chararterize
polymer molecular/chemical structures are discussed
in volume 1. Physical, structural .~nd compositional
properties of elastnmeric materials and plastice are
emphasized in volume 2. The 14 chapters of volume 3
consider end-use processing operations employed in




the handling and manufarturing o rubber and plastic

articles used in consumer-oriented app'ications.
The final volume is deveted teo end-use properiies
and applications of encineering plastics. polymer
blend< and ailnys. and polymer composites. Ffor
srience and enginesring ~ollections at the
univer<ity and research levelx.

Functional polymers

Edited by David E. Bergbreiter and
Charles R. Martin. HNY: Plenum Pub. 1989.
J¥6 pp. $59.5G. 6KA.Y TPI0B1 89-3913C.
[SBN 0-306.-43703-X

Contents: Control of phase structure in
polymer blends. Function:) uses of styrenic block
copolymer. Electrochemically controlled release of
ion< from polymers. Recent advances in self-doped
conducting polymers and arylenevinylenes.
Functional polymers. Ffunctionalized
poly(alkyl/ariphosphazenest. Synthesis of gold
containing tun tionalized polymers. Acid-base
rhemistry at polymer-solution interfaces. Index.

Mote: Represents the proceedings of the Sixth
Annual Texas A & M Industry-University Co-operative
(hemi<try Program Sympasium on Functional Polymers
held on 22-24 March 1988, The macromolecules under
discussion have properties significantly dependert
on the functional group substituents. The papers

- 68 -

reflect new developments in the field and the
potential for industrial applicatiens. FPhote-
re-pons’ve polymers. polymer blends. electronically
conduct ve paly-ers. and biomedical pelymers are
among topics considered. Ffor university level
coliections.

Mechanic -1 behavirur of materials-V: proceedings of
the Fifth International (onterence, Beijing, China.
3-6 June 1987

2 vols. Edited by M.G. Yan. S.H. Zhany and
Z.M. Zheng. 1lst edition. NY: Fergamon, 1988.
1451 pp. $415 (set). 620171 TAAI7.6 RI-TO0T.
T<8N 0-08-034912-%

Publishes papers presented at a torum intended
“to bring together continuum mechanics specialists.
meierial scientists and engineers to discuss current
engineering problems, thereby gaining a mutual
understanding and promoting and enhancing
international co-operation.” Five themes are:
material aspects of fracture in engineering
practice: fatigue criteria and material
characterization; environmental effects on fracture
and fatigue; high-temperature defurmation ard
faiture: mechanical properties and enuineering
applications of composite and nan-metallir
materials. For research level collectinns.
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11, PAST EVENIS AND FUTURE MEETINGS
ON UIM AND O)ifR MATERIALS

The Autotact "Hi conterence and exposition on
computer-inteyrated manutacturing (CIM)
(3 Qrtober - [ MNavember 198D Detroit, USA). The
avent's newast attractinn was “Partprerchip tor
integration” | a ~tate.ot-the-art multivenaor evhibit
teaturing real tactory produstion ot a partion of a
eore Tawn aarden It takes the production
p.oeess from enginesring desian through
manotastoring, assembly . and inspertion.
Malite 1L .. arted as the systems
mntegqrator ter Partnership. Team Yeaders ine huded
Pigital Equipment Carp. . Marlborn MA:  IBM,
Raton. bl Frime Computer . Matick, MY Sur Micen-
systems Do o0 Mountain View, (A;  and Tesas
Inctrument«< Tno .. Dallas. TY.  Team membors
providring equipment and <er.icec tor Fartnership
aore AVAD, Byidageaator . M1 Barr<Brown, Tucson A
COE Blerteanie, State follege, PA: fimline Ine.
ETE frave Village, T Comm/Scora Ine o, (3tawha,
Pl Btteitive Management Solutions, Milwankeo, WI:
Ceneral Fiemington, MJ: Interme:
Withita, ¥S: Octal “orp.,
Optigraphics, San Diego, tA;
indtanapolis. 1N.

trarctor
Derre fech
Sorviees,

Booa

Instrument |
Fynnwond, WA MR,
Monntain View, (A

and Fritsher tapp |

Corp.,

Morve than 00 +ompanies displayed praducts in
R 000 <q. 1t of evhibit space ar Autetfact. An
evtimated I 000 enaineering professionals were
venected ta view the latest advances in

compater-inteagrated manufacturing.

fanterence seene: The Autotact 'R% conterence
ottered 61 sescions (including *he Partnarship
presentations) that torused on integration for
campetitive atiantage  for the first time, the
sessinns were seqmented intn <i1x areas:
eanufar taripg engineering, product enginesrving, high
technnlody, computer s atems, management and
finance, and <att technoloagy. Thirty-three
technical programs covered topirs from warkstatinns
fo ranutarturing-resouree planning (MRP) tn sensars,
nachine vision, and robotics. Twenty-five tutarials
with practical suggestions delved into topics such
s actiticial intelligeoce. simulation, networking,
salid modelling. change. and just-in-time (JI1).
Three toram, on governmenl qlabal competitiveness,
and the Partnerh<ip ovhibit gave attendees
additional insight into using ( M,

The sonterence warn sponscred by the Socinty ot
Hanufactaring fngineers (SHE) and the (omputer and
Antomated Syatems A<cociatinn of SME (FASA/SMF) .

Planning ahead:  ME will broaden *he scape of
Aitafact 10 197 . The Robots 11 Conterence and
Vicion "0 Conterence will join Autolact when it
10 -1% Howembor 198 at Detroit ' Cohn
fonference/fvhibition (ontye,

ronvenss

Internationsal and the (TH wat ey
nt Washington Univerzity conducted o Computer
Integrated Manufactaring (CIM) fonference

SO0 May 1990 i St Taaie, UGA. The programme

Ficher fontiol-

Additional infnrmation on the schibitione anag
All canference activitieng at Autafact iq available
from SME, Bov 940, Desrbarn, M[ AR17)
(314-271-1500) . (Extrarted from Machine Design,
76 Octoher 1089)

disrussed automating and integrating the
manufartaring process, Finting factory rilcor
operations to a company's strateair planning,
matketing, finance, distribution, and purrha<ing
tunctions. For detaiis, contact the { [Mentar at
Washington Univer<ity in St Loni< at

[INRY) K0 T SR JR08 15 7% % 0

CIM: Revolution in Progress, T-1 July 10
Pavenburg, Austria. '(h(}.}!\i:rd hy: | BT
International Institute tor Applied Sy<tems
Analysis, A-Cih] Lavenburg. Austria.

Tol: (BJ2) 7182170, fas: (000 T1R0 e
Telew: 029137 11asa ay.
Thi< conterence was the culmination ot a

four-year research programme <tudying tour
wlement< of the current industrial revolution,
These (hangas have been carried forward by rapid
develapments in microelectronics | compulers and
sottware, with roncomitant changes in managerial
philosophies.

The researrh has examined the impacts ot ¢ [M
in the tollowing areas:

(1) Technnlogical develapments;

(7)) The diffusion proress;

{3} Managerial and nrganizational insues;
-1y The economic and <orial implicvations.

The work within IIASA was primarily funded by
the MNational Science Foundation ot America, though
individual resoarch projerts were rarrvied out and
fuaded by different organizations in 19 countries,
trom both East and West.

IM fdy_ation

IBM recently selected the Institute of Advanced
Manufarturing Sciences (1AMS) and the University of
Cincinnati's Colleae of Applied Science as the
Cincinnaty CIM centre, one of IBM's Higher [ducation
(IM “entres. [BM'< CIM in Fducation involves a
ronsortium of 48 (olleqes and universities, whirh
are committed tn C(IM education and to restaring
United States industrial competitiveness.

fThe Univer<sity of Cincinnati's (nlleqe ot
Applied Scienre will use the new computer hardware
from [BM to offer (IM seminars and tourwes tn the
manuylacturing community, while the College of
Fnagineering will perform RED artivities. (Extracted
from Americen Machiniat, Hovember 1997

Adugnced production technologies in mechanical
engineering

Fiecible automation in
manufacturing: managerial approaches to advanced
tecknologies;  physical nlanning and design of
flovible manufacturing systems; wmodern
manufacturing technologies and organization;
education and training for professional personnel:
new approaches to flexible maintenance in
enqineering. Commencirg date: September 1990,
19, Duration: ? weeks,

Shart deseription:

Qualifirations:




Nancgers, enaineers;

I T

master's degree. preferably in

mechanical, electrical enuineering, production

eronomics: At

Orga. izer:

Teast & vears of experience.

English.

UNTIDN-C zechoslovakia Joirt

Programme for Co-operation, Metallic Industries.
[norga Institute, Letenstd 17. 118 06 Praaue i,

tzechoslovakia.

1990

20-42 Junse
Amsterdam, the
Hethervlands

‘% lune -
16 July
kKharacpur.
India

S0-21 Augqust
5an Francisco,

USA

CA-26 Auqust
Sydney.
Australia

16-19 September
Montreal,
Canada

18-20 September
Vienna,
Austria

/5-28 September
Stuttaart,
FR:

21-2R8 September
Jaareh,
Yugnesiavia

J6-719 Septemher
atuttgart
FRA

24 Drtober
Stuttgart,
FRG

2 e e e -

Internaticnal Conference on Advanced
&Aluminium and Magnesium Allcys
(nrganized by the ASM Eurocpean
Council and its Technical Committee.
rue de 1'Orme, 19 Olmstraat.

B-1040 Prussels, Belgium)

QUIP Short Term Course an Principles
and Technology for Frocessing ot
Advanced Materials (oraanized by
Materials Science Centre. Indian
Institute of Technology.

Kharagpus 721-302, India.

Telex: 0Z1-2760 IIKG IMY

Third Electronic Materials and
Proressing Congress (sponsored
by The Electronic Materials and
Processing Division of ASM
INTERMATIOMAL, Materials Park,
Ohio 11073, 1SA)

1990 Australian Space Development
Conference (Mational Space Society
of Aus+tralia, Parrish Conference
Organization Pty Ltd., P.0. Bov 787,
Patts Point HSW 2011, Australia)

International Conference on
Fabrication of Particulates
Reinforced Metal Composites
{Sponsored by ASM INTERNATIONAL and
the National Research Council of
Canada)

EUROPA-SEMINAR — "Production with
Precision” (yearly seminar organized
by Dipl. Ing. G. Menzel,
Europdisches Informations [nstitut
fiir Fertiqungstechnik und
Automation in Wasserburg, FRG)

Eurncomposites and Hew Materizis,
exhibitign. (ontact: GEturopean
Assnciation for Composite
Materials, 2 place de la Bourse,
23076 Bardeaux Cedex, Franre

fonference, "Reartive production of
polymeric goods™. Contact:

Hrvoje Marakovic, Society of
Plastics and Rubber Engineers,
Garicgradska 6, P.0O. Box 119,

41001 Zagreb, Yugoslavia

Furocomposites G0, Exhibition

of Advanced Composites and MNew
Materials. Contact:

Mr. Frkhard Schlecht, Stuttoarter
Messe~ und Korgressgesellschaft mbH,
Am Kochenhof 16, 7000 Stuttgart 1,
Federal Republir of Germany

Reliability of Advanced Materials:
Design and Failure Analys<is
(Sponsared by ASM EURDPE and
VDI-W)

ied Qctoker
Kensingtoyn,
Londen, W

5-11 Qctnber
Foliedro.
Caracas,
Venezuela

2.9 October
Pala‘s des
Congres.
Brussels.
Belatum

8-10 October
Detroit,
Michigan, USA

8-11 October
Detroit,
Michigan, USA

8-11 October
Detrait,
Michigan. USA

16-17 October
Kongresshaus,
Baden-Baden,
FRG

17-18 October
Brussels,
Belgium

17-18 October
White Haven,
Pennsylvania,

18-19 October
Opatija,
Yugoslavia

22-26 October
Birmingham,
UK

25-27 October
Seattle,
Washington,
USA

Z9-31 October
Manchester,
LK

79 October -
3 Movember
Sydney,
Australia

Contersare, "impact of Plastics
Technolegy on Fackaging”. fontart:
Dr. BRrian Simmons. Lesearch Manager.
Packagina Ghvision, Fira. Randalls
Road. teatheri.cad. Surrey KIID JRU. Uk

A-ipltast 90, Piastics Exhibition,
Contact: AVIPLA, Multicentro
Macaracuay, risn 7. 0f. 9,

1060 Cz2-acas, Venezuela.

Compalloy furope '9C, Concress on
compatibilizers and reactive pnlyrer
alloying. Contact: Schatland.
Schotland Busirecs Research, Inc.,
Conference Services, Princeton
Corporate Center, Three Independence
Way, Princeten. M) ORR40, USA

Mear Het Shape Manufacturing for
the Automotive Industry (Sponsored
bv the Materials Shaping Techn.
Division of ASM THTERNATIONAL)

MATERIALS WEEK '40 (Sponsored by the
Technical Division of ASM
INTERMATTOMNAL)

Sixth Annual ASM/ESD Advanced
Composites Conference and Exposition
{Sponsored by ASM INTERMNATIOMAL and
the Engineering Society of Detroit)

Conference, "Liquid {rysta! Folymers
in Practice". Contact: VOI-
Gesellschaft Kunststafftechnik,
Postfach 1139, 3000 Disseldorf 1.
Federal Republic of Germany

Conference, feroplas '90. C(ontact:
Anne Weston, Corporate Development
Consultants Ltd., 3 The Plain,
Thornbury, Bristol BSI12 2AG, UK

"Plastic Waste Management - Recyrling
and its Alternatives”. Contact:
Robert Zeller, Akzo Engineering
Plastics. Woodfern Road,

P.0. Box 625, Neshanic Station,

NJ 08853, USA

Cunference, "Polymeric Materials of
Peduced Flammability". Contart:
Hrvoje Marakovir, Society of Flastics
and Rubber Enugineers. Garicaradska 6,
P.0. Box 119, 41001 Zagreb. Yuagoslavia

INTERCERAMEX '90. International
Ceramir. Plant, Machinery and Supplies
fxhibition. TNTERCEFRAMEX,

P.0. Box 107, Broadstone,

florset BHI8 BIQ, UX

A3rd Pacific Coast Regional Meeting
of the American Ceramic Society
{Department of Materials Srience and
Engineering, University of
Washington, FB8-10, Seattle,

WA 98195, Far: (206) S42-3100,

COMPEX '90 - Seventh BPF Keinforced
Reinforced Plastics fengress
{Interbuild, 11 Manrhester Square,
London WIM HAB, 1K)

AUSPLAS - Australia s International
Exhibition for the Plastic and Rubber
Industry {Exhibition House Pty. Ltd..
193 Rouse Str., Port Melbourne,

VIC 3004 Australia)




S e tober -
. November
tos Angeles.
fabyt . USA

Hovember
Faris,
France

a-9 Hovember
Barcelona,
Spain

5-7 November

Backbay Hidton,

Boston, MA
1SA

-1 Movember
Sarajevo,
Yugoslavia

E2-17 Navember
Birminghan,
K

13-18 “luvember
Harumi fair—
around, Tokyo
Japan

14-16 MNovemher
Most nw .
1ISSR

19-22 Novemher
Mational Exhi-
bition Centre,
Birmingbam,

UK

/0-73 Novemher
Singapore

/0-21 November
lyon,
france

26-79 Hovember
Haqgoya,
Japan

/1-30 November
Strashourq,
france

/8 Hovember .-
1 Decemheor
Beijing,

P.R. of (hina

I T

[STEA:  International Sympnsiom tor
Testing and Failure Analy<is.
Expo<ition (Sponsored by

ASM THTEFRNATIOMNAL)

PRONIC .. Trade Exhibition for
Enaineering and Materials of the
Electronic Industry (S9SA,

65 av. Udouard-Vaillant,

F-2100 Bouloune Billancoyrt .
Francad

Equiplast "0, Plastics Exhibition
tontart: Feria de Barcelona.
Avda. Reina M.a Christina s/n,
08001 Barrelana. Spain

Conference, "Injection mouiding

for the 19%<" . {ontact: Bob Munn,
University of Lowell, 1 University
Avenue. towell,  MA 01854, USA

International Plastics and Rubber
Fair (fentre "Skenderija”. Ul. Mive
Sekolavia bb, YU-T71000 Sarajevo.
Yugostavia)

IMTERPLAS - International Plastirs
and Rubber Exhibition (Plastics &
Rubber Institute, 11 Hobart Place,
London SWIW OHL, UK)

JFA0, 13th Plastics and Rubber fair
Contact: JP Fair Association,
Ginza-Yamagi<hi Bldg.. £-10-6 Ginza,
Chuo-ku, Tokyo 104, Japan

International Conference on
Compnsite Materials. (ontact:
NIIGrafit ¢, Electrodnaya St..
Moscow 111524, 'JSSR

Interplas '90, Plastics and
Rubber Exhibition. (ontact:
Richard Duckett, Interplas '20,
Sales Manager, Reed Exhibition
Companies, Radcliffe House,
Blenheim Court, Solihull,

West Midlands B91 28G. UK

Met1lAsia - Asian International
Machine Tool and Metalworking
Show (Singapore Exhibition
Services Pte, Ltd.,

11 Dhoby Ghaut, 15-09 Lathay
Building, Sinagapore 0127)

EXPOIHERM - International Exhibition
of the Sciences and Techniques nof
fnergy (SEPEL, FUREXSHR, B.P. AT,
F-69682 (hassieu (edex,

France)

Thivd International Polymer
Conlerence {IP( Secretariat, Society
of Polymer Science, 5-17-8 finza,
Chuo-ku, Tokyn 104, .Japan)

1996 Strashourg fali Meeting nf
(F-MRS; Furopean Materials Research
Soriety - C . R.MN. B.P. 20, F-67037,
Strashourg-Cedex. France)

(HIMAPTAS -~ International Fxhibition
for the Rubber ard Plastic Industry
(Adsale Fxhibitinn Servicres,

21/F1 TungWay Commercial Building,
109-111 Gloucester Road, Wanchai,
Hang ¥ong)

1-9 December
Bryscels,
Belgrum

1991

3-16 January
Kharagpur
frdia

10-11 January
8irmingham,
UK

6-10 Februery
Istantul,
Turkey

20-21 february
Bruessels,
Relgium

£-10 March
Manila,
Philippines

12-13 March
Ziirich,
Switzerland

12-14 March
London,
UK

27-30 March
Wanchai,
Hong Kong

30 April -
1 May
Landon, UK

1-2 May
Ann Arbor,
M, USA

6-11 May
Mifan,
[taly

29 May -

4 June
Diisseldorf,
FRG

A-1 June
Montpellier,
france

[UREKA -~ International Fair for
Innovations, Research and Industrial
Rengvation {(Fnire Internationale de
Bruvelles A S.B.L., Parc des

Expositions, B-1070 Brus<els, _elgium)

Winter school on "Electronic Materials<

fechnolouy” (oruanized by Materials
Science Lentre Indian Inst. of
Technolouy) Kharagpur, 721 302 India

Conference, "Is Plastics Packagina
Rubbish?" Contact: Kay Royle.
Rapra lTechnology ttd.. Shawbury,
Shrewshury. Shropshire SY4 ANR, K

Plastics-Turkey. Exhibition.
Philip McFean, Overseas Exhibition
Sarvices Ltd., 11 Manchester Square,
London WIM SAB. UK

Compounding 91, "Polypropylere -
Mew Directions in (ompounding for
the 1990s". Contact: Anne Weston,
Corporate Development Consultants
Ltd., 3 The Plain, Taornbuyry,
Bristal B512 2AG, (K

Asian (eramics. Ceramics Association
of the Philippines, 2/F Standard Bld.,
151 Pasec de Roxas, Makati Metro.
Manita, Philippines

Bonding and Repair of Composites
(RAPRA Tech. Ltd., Shawbury,
Shrewsbury, Shropshire SY4 4NR UK}

Conference, "Plastics Recycling -
Meeting the Challenge”. Contact:
Mrs. Sian Tanner, Conference Dept..
The Plastics and Rubber Institute,
11 Hobart Place, London SWIW OHL, UK

Exhibition, Interplas Asia '91
Contact: C(ahners Exhibitions (HK)
Ltd., 2808 Office Tower, Convention
Plaza, 1 Harbour Road, Wanchai,
Hong Kong

High Temperature Intermetallics
{Institute of Metals, 1 Carlton
House Terrace, London SWIY S08)

16ih Annual Automotive Materials
Symposium by the Materials Society
{Metallurqgy Dept. GM Researrh Lab.,
30500 Mound Rd., Warren, MI 4090
USA)

Plast '91, Plastics and Rubber
Exhibition. Contact: Fnfiplast,
P.0. Box 24, 20090 Assago MI, Italy

PaPro '91, Internaticnal Packaging
Trade tair. (ontact: HMNOWEA,
Postfach 52 02 03, Stockumer
Kirchetrasse 61, 4000 Diisseldorf 30,
Federal Republir of Germany

Second turopean Technical Symposium
on Polyimides and High-temperature
Polymers, CORUM. Contact:

Pf. Marc J.M. Abadie - LFMP/MAO -
University of Montpellier II, 34095
Montpellier Cedex 2, france

Contact:



Report on Performance and Results of the Science and
Technology Workshop (ELADI)

This is an excerpt of a report based on the
animated discussion that took place in Oslo, Horway
on 27-30 June 1990 a* the Sixth General Conference
of the European Asscciation of Development Research
and Training Institutes. The subject chosen by the
convener was: ADVANCED MATERIALS, THE RESTRUCTURING
OF EUROPEAMN [NDUSTRY AND DEVELOFING ECONOMIES.
Ofticial participation came from the European
Communities, UNCYAD, UMIDO. OECD, ACP group of
States and other institutions.

Participants tried to examine how the new
technologies can be transferred, adapted, originated
and learned in a developing economy milieu.
Skill/knowledae and investment barriers have been
noted perhaps as two crurial impediments barring
developing economies from entering successfully the
general race in new technology development. Wider
1ssues of cultural - rognitive resistance and
political social barriers inhibit the possibilities
of originating or diffusing new technologies.
Successes and failyres in the acquisition of new
technologies by developing economies are the ways of
building further knowiedae in this area.

The main objective of the workshop is to
achieve an understanding of the impact of new
advanced materials on industrial development. The
sessions dealt with the following issues: (1) the
material revolution; (2) the extent of influence of
this revolution-on the restructuring of European
industry; (3) the impact of the material revolution
on the economies of developing countries and
(1) specific policy recommendations linking, if
possible, the first three topics.

The material revolytiun

A critical threshold of new advanced materials
is considered as 3 crucial enabling tecknulngy in
the competitive wish of nations to stay ahead of
other nations. A related objective is the desire by
the leading industrialized countries such a< members
of the European Communities, Japan and the U.S.A. to
reduce their dependence on "strategic” raw
materials. A study by the IMF has shown that since
1900 with the exception of the two world wars, the
quantity of raw materials necessary to produce one
unit of product has decreased on average by
1.25 per cent. In the case of Japan, for the same
quantity of product, the necessary raw material
input diminished by 60 per cent between 1973 and
1984.

The increasing importance of such an enabling
technology as new advanced materials in the world of
the 1990s i< clear in terms of its putative
advantage in costs, perfarmance, innovative
capability, competitiveness and a whole range of
cultural and political advantages. In the workshop.
there was no dispute on the significance of new
advanced materials for eccnomic growth and
rompetition. There were different views regarding
the classification of materials as new advanced
matericls (NAM). Which materials belony to NAM and
which rot? What is the taxonomy that would be
useful in grouping certain materials as NAM? In
what sense is the concept of the "material
revolution” useful? Some stressed that
microcircuitry, photonics and software engineering
are the three distinct developments which have
helped to bring about a material revolution. Others
stressed metallir alloys, advanced ceramics, special
polymers and composites - drawn from all of the
others - to constitute or include the

romponents/aspects ot NAM. There was also
discussion on whether or not the e-tent of the
diffusion of MNAM should not serve as a more arruyrate
criteria than the novelty of the new materials
themseives.

The other critical point which emerg.d in the
discussion was the envirommental renstraint an
developing new materials. Performance and quality
should include passinc an environmental test.
Materials whose creation and use resc¢lt in
generating pollution should be requlated.

The restructuring ¢! furopean industry

Mr. Lakis Kaoundes (University of Sussex.
Brighton, UK) gave a broad overview ot developmants
in new advanced materials (MHAM) and its impact on
European industry. In the 1970s and 19R0s, European
industry has been restructuring and shitting towards
high-value added, knowledge-intensive productinn.

At the same time, this restrurturing process has
been increasingly dominated by diffusion of
micro-electronics based automation technologies
across both new and traditional or declining
manufacturing sectors. The materials revolution
affecting as it does both traditional and monolithir
materials and new advanced materials is coming to be
recngnized as a major new technology of critical
importance to European industry in the world markets
of the 1990s. New advanced materials (HAM)
scientific and engineering capabilities can
facilitate further technical changes in high-
technology sectors such as micro-electronics,
teleconmunications and aerospace. confer competitive
advantages in the global market place and inflyenre
the future path of employment, industrial arowth,
trade and balance of payments for national economies
and the European econumies as a whole.

Hence the issue of MAM and the strengthening of
domestic materials scientific and processing
capabilities is emerging as a central determinant of
the competitive position of European vis-a-vis the
Japanese and the United States economies ind will
underlie policies in the areas of transfer of
technology, protectionism and trade unions.
will atso have repercussions in the economic
relations between developing economies and Europe.

NAM

Ms. H. Teulon (CERNA, Paris, france) attompted
to link post-fordism to tha development of new
advanced materials. The old dynamism was cost-
cutting and price competition. The material
revolution has given rise to a combination of
flexibility and mass production and is characterized
by contradictory developments in economies of scope
and economies of scale. The movement from raw
material - transformed material - part - product is
accompanied by increasing economies of scope and
decreasing economies of scale. Variety of functions
of component parts improves quality. Volume and
productivity gains remain as in the Fordist mass
production system together with improved quality and
functional variety and flexibility. In this case
mass production itself becomes flexible.

Impact_ on_developing ecqonomies

The primary objective of the science and
technology workshop was to understand how developing
c.ononies can insert themselves in the produrt cyrle
of interrelated clusters of new advanced materials.
Once the point of whether the developing economies
should enter the advanced material revolution is
accepted, the nuxt crucial issue is to identify
possible points of entry from the research phase of
the material cycle to the pradurt.
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Palicy recommendations
The workshop rearhed a broad agreement on the

UNEDO approach of helping and enabling developing
rountries to arquire thenretical and practical
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Materiais Assessment and dpplication fentre:
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trepds in materials science and engineering. stun,
the materiala reconries of deeloping cauntyriec | oo
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institutions, profes<ional <ocietiec and roperte
trom the develeopi g world.
fertilization ol ideas and practices amang many
tountries in the materials fiecld.

This enahles the crnnn-

Conclysion

The workshop resnlved that MAN would become
increasingly critical for the economies nt bath
developing and developed rountries and is bourd to
influence policy issues and discussions in the
19Ms. It also underscored the need to continue the
"new technology and development” theme with the
other new technologies surh as biotechnnlngy,
information technology and photonics together with
the environmental issues of the 1990s. It further
decided to set up a network of researrhers in the
new technology and development areas.
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Advances in Materials Technology: Monitor
Reader Survey

The Advances in Materials Technology: Monitor has nouw been published since 1983.

. Although 1ts mailing list is continuously updated as nev requests for inclusioa are
received and changes of address are made as soon as notifications of such changes
are received, [ would be grateful if readers could reconfirm their interest iam
rezeiving this nevsletter. Kindly, therefore, answver the questions below and mail
this form to: The Editor, Advances in Materials Technology: Moanitor, UNIDO
Technology Programme at the above address.

Computer access number of mailing list (see address label):
Nage:
Positien/title:

Address:

Do you wish to coatirnue receiving issues of the Advanzes in Materials Technology:
Monitor?

Is the present address as indicated on the address label correcc?

How many issues of this newsletter have you read?

Optioanal

Which section in the Monitor is of particular interest to you?

Which additiona! subjects would yo: suggest be included?

Would you like to see uny sections delected?

Have you access to some/most of the journals frowm which the information contained
in the Monitor is drawn?

Is your copy of the Monitor passed oa .to friends/colleagues etc.?

Please make any other comwents or suggestions for improving the quality and
usefulness of tais newsletter.
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Reader's comments

We should appreciate it if readers could take the time to tell us in
this space what they think of the 2lst issue of Advances in Materials
Technology: Monitor. Comments on the usefulness of the information and the
way it has been organized will help-us in preparing future issues of the
Monitor. We thank you for your co-operation and look forward to hearing from
you.







