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Summary 

The trends of technological development in numerically controlled (NC) 

machine tools present certain difficulties for most developing countries. The 

technology focus has not only shifted to electronics from the traditional 

machine tool itself, where eco1.1mies of scale are importan~, but the success 

is also dependent on system knowledge of the industries where NC machine tools 

are being used. Other ingredients in.achieving success include the capability 

of qlobal marketing where research, and development, and technical service3 

are essential. The financial resources required for the various operations -

in research, in production, in marketing - are also quite substantial. 

The present document outlines the technolo~ical develooment which has led to 

increasingly comple~ systems. Today the NC machine tool is no longer a 

stand-alone machine but rather an integral building block in a very complex 

manufacturing process. The driving force behind technology development for NC 

machine tools may originally have been a desire to achieve high accuracy in 

machine part::.. Although other considerations, such a~ flexibilitv 

to rapidly adjust to iifferent cust~mers or new market needs, have hecome 

::::lei': more important. Another essential factor -.....; the :i-:~a re to 

integrate all manufacturing stages from design to final. processing which has 

become possihlP through the el.ectronification of machine tools. 

The cutting edge for the NC technological. development today includes 

areas such as sensors and ~,attern recognition, communication protocols for 

usinq electronic data and systems analysis in order to achieve the desired 

integration. Thus, the success in modern machine ~ooJs appears to rest en the 

a~iJity to mobili7e substantial financial resources, to carry out advance~ 

research and a keen undP.rstandinq of market n~eds. 
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INTRODUCTION 

Nuaerically Controlled (NC) aachine tools provide a good 

illustration of the pervasiness of IC technology in changing 

the traditional •achine tools. The changes are not liaiteJ 

to the nachine tools theaselves - in which connection we 

are also discussing robots and sensors - but are also 

fundaaentally affecting the aanufacturing industry. Thus it 

is possible for an increasing nuaber of producers to 

envisage fully auto•ated factories where blue collar workers 

are alaost non-existent. There can be little doubt that such 

changes, soae of which have already taken place, have far 

reaching repercussions on both industrialized and developing 

countries. So, we argue that it is iaportant to aaintain a 

perspective which goes beyond the individual product 

categories in which technology change in itself is 

significant. 

For the sake of reference it is worth remembering that the 

developaent and use of NC •achine tools originated in t~e US 

aerospace industry in the early 1950s. This origin partly 

explains the differences in industrial structure for NC 

tools in the US and Japan to be briefly discussed later on. 

Machine tools are power-driven (usually by electric motors) 

devices used mainly in metalworking for cutting and forming. 

The conventional aachine tools are manually controlled or 

use ca•s and gears for automatic operation. The large metal­

cutting •achine tool sector has been subject to important 

technical change and international competition in recent 

years and the development of computer numerical control 

(CNC) is of major importance in this context. Numerically 

controlled (NC) machine tools are controlled by a 

programmable device. CNC machine tools are en advanced 

version using a microcomputer as the programmable device. 
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NC MACHINE TOOL PERSPECTIVES 

In this section we will not only discuss NC •achine tools 

but also robots and flexible •anufacturing syste•s (FMS) 

which include both NC •achine tools and robots. First, 

however, we will introduce selected statistics in order to 

provide a g1obal perspective on NC •&chine tools. See Table 1. 

Table 1 

World •acbine tool production and trade, 1984 for selected 

countrie• (esti•ated in •illion~ of US$) 

Production Trade ------- ------ ------ -----
Total Cutting f or•ing Export l•port 

.Japan 4,474.6 3,709.6 765.0 1,741.0 181.8 

FRG :,803.8 l t 971. 2 832.6 1,967.7 456.8 

USSR 2,953.4 2,296.l 657.3 235.7 1,390.l 

USA 2,412.5 1,722.2 690.2 373.5 1,319.0 

lt~ly 996.0 713.0 283.0 558.0 182.5 

GDR 781.0a 608.6a 172.3a 725.la 105.4a 

Switzerland 714.8 663.8 51. l 672.0 130.4 

France 465.5 376.2b 89.3b 250.1 301.2 

PRC 494.4a 376.2a 118.2a 37.6a 140.3a 

UK 376.9 313.6 63.3 278.6 339.5 

Province of Taiwan 231 • 7 215.0 16.7 181.1 106.2 

India 193.7 161.4 32.3 20.5 132.3 

Republic of Korea lS0.7 132.5 28.2 34.6 29.3 

Brazil 103.6 87.4 16.2 ';.7. 7 l9.3 

Argentina 28.2 15.0 13.2 14.0 33.0 

Singapore 20.8 19.3 1.5 57.4 138.5 

a) Rough eati•ate fro• frag•entary data. 

b) Eati•ated by NMTBA using totals from national 

•••ociations and AM proportional •etal cutting and 

for•ing •hare•. 

trade 

•et al 

Source: 1985-1986 Bcono•ic Hanrlbook of the Machine 

Indu•try. Virginia, NMTBA. 

Tool 

j 

' 
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The total production of both cutting and for•ing •achine 

tools a•ounted in 1984 to ioughly US$ 20 billion, out of 

which cutting tools constituted the •ajor share. See Table I. 

Japan and the Federal Republic of Germany lead nowadays in the production of 
•achine tools, if USSR is excluded, being followed by the 

USA. The People's Republic of China is reported to have a 
very 

See 
sizeable production and this is also true for India. 

again Table 7 for further details. The USA used to be 

the undisputed leader in the •anufacture of machine tools 

but its share has been drastically reduced over the past 
couple of years. See Table a. 

Table 2 

Productio~, exports and i•porte of aachine tools, selected 

countries, 1981 to 1983 (aillions of US$) 

Prawct.ion Ex~orts Imports 
Cot.ntry 1981 1982 1983 1981 1982 1983 1981 1982 
France 809.4 .564.8 560.0 390.4 295.0 295.2 56oS.5 479.3 
India 184.6 182.9 184.0 17. 1 18.2 21.5 86.6 153.9e 
Japan 4,796.9 3,796.4 3,541.1 1,692.9 1,272.5 1,263.6 215.7 22C'.4 
Sweden 204.8 179.9e 156.6e 164.3 138.3 114.5 191.6 151.2 
Switzerland 846.2 816.1 673.6 740.3 714.2 583.6 188.9 157.6 
U< 720.7 61J7.7 398.8 ."177. 7e 477.7 319.0 432.6 408.8 
USA 5, 131.0 3,745.0 2, 132. 7 949.0 57L.i.O 359.1 1,432.0 1,218.0 
fRG 3,953. 1 3,505.0 3, 193.5 2,584.9 2,206.4 1, 9:>J.4 616.4 488.6 
e ~ estimate 

1983 

351.1 

148.5e 

171.3 

129.5 

101.0 

294.3 

921. 1 

452.7 

OriginaJ source: International statistics on machine tools jointly prepared by CECIMO; IMTMA; 
..J.fTBA and ~BA. 

I 

f 
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The availability of sQlid-state controls (the CNC ayateas) 

that turned the aachine tool industry upside down, and the 

aicroproceaaora, developed in the USA in 1972, have had a 

tre•endoua i•pact on the whole sector. larly CNC systeaa bad 

incorporated •inicoaputera, but the •icroprocessor enabled 

increased reliability and reduced coats. Leading US 

suppliers were slow to accept solid-state technology, while 

the Japanese captured the large-voluae-jobbinf aarkets, 

first locally and later on in the USA and western Europe. 

The follcwing land•arks exeaplify how the hardware 
technolog3r in NC controls has changed dra•atically over the 

years. At least seven generations of controller hardware 
can be identified: 

1. Vacuua tubes (ca 1952) 

2. llectro•echanical relays (ca 1955) 

3. Discrete se•iconductor (ca 1960) 

4. Integrated circuits (ca 1965) 

5. Direct nu•erical control (ca 1968) 

6. Co•puter nu•erical control (ca 1970) 

7. Microprocessor and aicrocoaputers (ca 1975) 

Presently, technological innovation - of which IC 

technology, discussed earlier being only one e~a~ple - aeeas 

to have no li•its. Recent Jevelop•ents in various areaa of 

industrial autoaation have created the necessary conditions 

for total, un•anned auto•ation of manufactaring, servicing, 

etc. This points to the necessity of an integrated approach 

towards the introduction of robots and flexible &utoaation. 

However, there exist significant technical, economic and 

social barriers to a brosder application. 

A major share of all machine tools are presently nuaerically 

controlled ones. Thia ia evident from the figures, aithough 

of a frag•entary nature, which appear in Table 3. 
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Table 3 

lnveat•ent i1t •c lathe• aa percentage of inweat•ent in all 

lat•e• in •ajor producing countriea 

Year 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

France 

n.a. 
n.a. 
26 
47 
n.a. 
n.a. 
52 
n.a. 
68a 
78a 
85 

n.a. 
17 
n.a. 
n.a. 
n.a. 
n.a. 
47 
n.a. 
42 
n.a. 
59 

Italy 

n.a. 
n.a. 
15 
n.a. 
n.a. 
n.a. 
50 
n.a. 
58 
n.a. 
n.a. 

Japan 

22 
23 
28 
43 
41 
52 
49 
45 
58 
69 
71 

Sweden 

34 
43 
42 
53 
70 
70 
69 
78 
77 
72 
83 

UK 

n.a. 
n.a. 
19 
21 
31 
38 
47 
73 
79 
66 
83 

a) Export of conventional lathes exceeds production. Consumption of 
conventional lathes is therefore equal to imports. 

USA 

n.a. 
n.a. 
n.~. 

n.a. 
n.a. 
n.a. 
51 
n.a. 
60 
69 
73 

Source: Jacobsson, Staffan: Electronics and industrial policy - the case 
of computer numerically controlled lathes. George Allen and Unwin 1986. 

NC •&chine toola, the aain focus of our discussion, ca~not 

be generally utilized. In order to indicate the boundaries 

we will introduce four categories of production activity. 

1. Continuous-flow processes 

2. Mass production of discrete products 

3. Batch production 

4. Job shop production 

The definition• of the four categories are presented in 

Table 4. The relationships among the four ty~e• in terms 

of product variety and production quantities can be 

conceptualized as shown in Figure I. There is so•e 

overlapping of the categories as indicated in the figure. 

Table 108 liata so•e of the notable achieve•ents in 

automation technology for each of the four production types. 
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Noteworthy in this context is the iaportance of coaputer 

technology in autoaation. Most of the autoaated production 

syste•s i•pleaented today use coaputera. Thia connection 

between digital co•puter and aanufacturing auto•ation aay 

seem perfectly logical to the reader nowadays. However, this 
logical connection has not always existed. 

Many of the achieve•ents in co•puter-aided design and 

•anufacture have a co•aon origin in nu•erical control (NC). 

The conceptual framework established during the develop•ent 

of nu•erical control is still undergoing further refine•ent 
and enhancement in today's CAD/CAM technology. 

Figure I 

Four production types related to quantit~ and product 

variations 

.. 
Cori1u111ous 

flo .. 
P•OCnH'S 

c !----
6 
c 
9 

~ 
c 
~ 

Mn1 
p1od .. c1ton 

Bitch 
productton 

I 
I Job shOJ> 

p<OduC110n 

_____________ _J _________ - -

Product v•1fty 

Source: Groover, Mikell P & l•ory W Zimmers, Jr; CAD/CAM: 

computer aided design and •anufacturing. 
Prentice Hall, 1984. 

New Jersey: 
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1. Continuous-flow 

processes 

2. Mass production 

of discrete 
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Table 4 

Four types of production 

Description 

Continuous dedicated production of 

large amounts of bulk product. Exa•ples 

include continuous chemical plants and 

oil refineries. 

Dedicated production of large quar.ti­

ties of one product (with perhaps li­

mited model variations). Examples 

include auto•obiles, applicances, and 

engine blocks. 

3. Batch production Production of •ediua lot sizes of the 

4. Job shop pro­

duction 

same product or component. The lots 

may be produced once or repeated pe­

riodically. Examples include books, 

clothing, and certain industrial ma­

chinery. 

Production of low quantities, often 

one of a kind, of specialized pro­

ducts. The products are often cus­

tomiz~d and technologically complex. 

Examples include prototypes, air­

craft, •&chine tools, and other 

equip•ent. 

Source: Mikell P Groover & E•ory W Zimmers Jr; CAD/CAM: 

computer aided design and manufacturing. New Jersey: 

Prentice Hall Int., 1984. 
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Table 5 

Auto•ation achieve•enta for the four type• of production 

Ce.tegory 

1. Continuous-flow 

precesses 

2. Mass production 

of discrete 

products 

Auto•ation acbieve•ents 

Flow process fro• beginning to end 

Sensor technology available to aea­

sure i•portaat process variables 

Use of sophisticated control and 

opti•izatioa strategies 

Fully co•puter-autoaated plants 

Auto•ated transfer aachines 

Dial indexing aachines 

Partially and fully autoaated as­

seably lines 

Industrial robots for spot welding, 

parts handling, aacbine loading, 

spray painting, etc. 

Autoaated aaterials handling systeas 

Co•puter production aonitoring 

3. Batch production Numerical control (NC), direct nu-

4. Job shop pro­

duction 

aerical control (DNC), coaputer nu­

aerical control (CNC) 

Adaptive control aachining 

Robots for arc welding, parts hand­

ling, etc. 

Co•puter-integrated aanufacturing 

systems 

Numerical control, computer nu•erical 

control 

Source: Mikell P Groover & Emory W Zim•ers 

computer aid~d design and manufacturing. 

Prentice Hall Int., 1984. 

Jr; CAD/CAM: 

New Jeraey: 
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Nu•erical control can be defined as a fora of progra••able 

auto•ation in which the process is controlled by nuabers. 

letters, and syabols. In NC, the nu•bers for• a progra• of 

instructions designed for a particular workpart or job. When 

the job changes, the prograa of instructions is changed. 

This capability to change the progra• for each new job is 

what gives NC its fle~ibility. It is auch easier to write 

new progra•s than to aake aajor changes in the production 

equip•ent. 

An operational nuae;ical control systea consists of the 

following three basic coaponents: 

1. Prograa of instructions 

2. Controller unit, also called a aachine control unit (MCU) 

3. Machine tool or other controlled process 

The program of instructions serves as the input to the 

controller unit, which in turn c~mmands the machine tool or 

process to be controlled. 

The controller unit consists of the electronics and hardware 

that read and inter~ret the program of instructions and 

convert it into the mechanical actions of the machine tool. 

The typical elements of a conventional NC controller unit 

include a tape reader. a data buffer, signal output channels 

to the machine tool, feedback channels from the machine tool 

end the sequence controls to coordinate the overall 

operation of the foregoing elements. Nearly all modern NC 

system• are sold with a microcomputer as the controller 

unit. This advanced type of NC is called computer numerical 

control (CNC). 
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The third basic coaponent of an NC systea, the aachine tool 

or other controlled process, ia the part of the NC systea 

which perforaa useful work. In the aost common NC systea, 

one designed to perfora aachining operations, the aachine 

tool consists of the worktable and spindle as well as the 

aotors and controls necessary to drive the•. It also 

includes the cutting tools, work fixtures, and other 

auxiliary equipaent needed in the machining operation. 

NC •&chines range in complexity fro• simple 

drill presses to highly sophisticated 

machining centers. 

tape-controller 

and versatile 

We will now clarify. the various levels of electronification 

of aachine tools, fro• the traditional machine to a flexible 

•anufacturing systea involving several computer numerical 

controlled •achine tools. 

The siapleat configuration is a 5-axis workstation as 

illustrated in Figure rr: All settings are done manually and 

controlled by a persod who •ust be highly skille~. 
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Figure II 

' 

1a1Jll IA1ll 
MD llOllPllU 

I 

On • lypim s ... m workst•lio•, Ille ..-. ... teol mMC 
In lhrtt orth0&0HI dirrdloM (X, \', ... ZJ "'81i~ 10 ... 
p•rt. In •dditlo•, lhe .. bk ro .. ta a. lk a uls ... lllt 
spindk hHd rot•ln abo.I die A or ..U..181 ••· Tt. 
lool, therdore, c .. contKI Ille ,...,.pilft from die .., • 
side or from •• ••ale; Ille worllpm .nl ... h relhl•-' 
except lo •pproKla lite hUoa. 

Source:~!PY!!r ~!!!&n April 21, 1983, p. 134. 

The next •lage of develop•ent include• the nu•erical 

control and the auto•atic tool changer•. See Figure Ill. 
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Figure III 

•C tolllllOUlll 

' 

SJOllAC£ 

Atl4i•& numrrinil C"Onlrol. lapr rudrr. Hd aulomalic lool 
r•••sn lo IM 5-aais •orblalion nlirvn lhr oprralor of 
m••J limr-con~umin& las"5. Thr sc ronlrollrr pro,idrs 
aulomalrd nis ronlrol as •rll as tool chana:ing in a 
Rq-Kr Kl up b) a punch paprr lapr. 

Source:~~eY!!r P-!!il~ April 21, 1983, p. 134 

By adding a co•puter setup (behind tape reader and data 

display) the NC •achine tool is converted into a co•puter 

numerically controlled (CNC) syste•. See FiJ~re IV. 
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Figure IV 

·­,._..., ...... 

'-Wine a l»diind laP« rndn {na) ••d • dala displa7 
lnminal coatnts ••t NC worltstalio• lo a eotnp•ler 
•111trinD,- CO•lroDt11 (CNC) S)"Sltm. Tht 8TR r~lailt!o put 
.,oarams fro1D Kttnal lapn; lht 01»«ralor do~ ont of •ow procrams lhroa1• lht ltrminal fr.r i•!.lrudir.a 10 lk 
nlllrolltr. 

Source: ~~~29!~~ ~~~jgg, April 21, 1983, p. 134. 

In •ore recent ayste•s the various electronic subsyste•s are 

co•bined into a single unit and the operations of the 

•achine tool are now fully controlled by a •inico•puter or 
a •icroco•puter. See F£gure v. 
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Figure v 

F•lldiolls or lh NC coalrolla and Int •~ comW.. .. 
morr nttal CNC S)"S!rms. Elhtt • minkomp•la •· -.. 8 
•krucompaltt pro•ida ••r coalrol. 

Source: ~2!2!!~r ~~!ii~, April 21, 1983, p. 134. 

At a still hi1her level of electronification, •e•eral CNC 

workstation• can be co•bined with robots, robot cars and 

automatic stora1e •Y•te•s, all of which are, in principle, 

controlled or supported by a central co•puter. See Fi1ure VI. 
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Figure VI 

DI~ WOllllSJAJIOfl SIObCl CMOUSll fOI 
llOlll .. PIOCl SS 

10801 CAllJ 

A rralral computer can mana1r RYrral CNC .. ·orkslalions as well 11S olltrr compoarals suclt as a robol earl or 
1lora1r rarouKI In a dirrd numrrical control (DNC) ronfi1uralioa. Part pro1rams an maialalnrd In a rrnlral library. 

Source: ~Q~2Y!!r ~~!ilDr April 21, 1983, p. 134. 
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In a study carried oqt by the Technical Change Center in 

London, 

does not 

studied, 

2• of 

the authors reach the conclusion that for•al R&D 
play a •ajor role in ~be •achine tool coapanies 

including those in Japan. In •o~t cases, only l or 

sales was devoted to for•al R&D. If product 

develop•ent activities and special "task forces" to work on 

product proble•s are included, the figure is generally about 

twice as great. 

The authors further •ote that of the fir•s in the study, 

only the Japanese fir•s and the two Swiss fir•s allocated 

any forual R&D effort to wbat the authors call "production­

engineering design and davelop•ent", by which they •ean the 

develop•ent of i•proved •an11facturing techniques for the 

production of •achine tools.
1 

However, there can be little doubt that the e•ergence of NC 

and CNC •&chine tools have been driven by •ajor R&D efforts. 

The develop•ent of •icroprocessors, progra•s (software) and 

sensors as well as efforts to drastically change both 

products and production processes are very i•portant 

incentives in this context. 

It is often noted that VLSI circuits provide a focal point 

for a new strength in the industrial process and 

•anufacturing control •arket as well as the consu•er •arket, 

•uch in the sa•e way the auto•obile did over 50 years ego. 

Auto•atic control has already experienced considerable 

change due to VLSI •icroprocessor products that have been 

developed for other consu•er and co••unication applications. 

With the tremendous increase in capital spending for factory 

auto•ation, the IC •akers appear to have increased their 

endeavours to produce special products for control. 
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We will now return to a •ore detailed discussion of the 

basic approaches in NC •achine tools. 

categorization includes the following three: 

1. Coaputer nuaerical control (CNC) 

2. Direct nuaerical control (DNC) 

3. Adaptive r.ontrol 

A co•aon 

CNC involves the replaceaent of the conventional hard-wired 

NC controller unit by a s•all •ini- or aicrocoaputer. By 

progra•s stored in its read/write •e•ory, the saall coaputer 

is used to perfora so•e or all of the basic NC functions. 

One of the characteristic features of CNC is that one 

coaputer is used to control one •achine tool. This differs 

fro• the second type of co•puter control, direct numerical 

control, which involves the use of a larger coaputer to 

control a nuaber of separate NC aachine tools. 

The third control topic, adaptive control, does not require 

a digital coaputer for iapleaentation. An AC systea aeasures 

one or aore process variables, such as cutting force, 

teaperature, horsepower etc. and aanipulates feed and/or 

speed in order to coapensate for undesirable changes in the 

process variables. Its objective is to optiaize the 

aachining process, soaething that NC alone is unable to 

acco•plish. Many of the initial adaptive control projects 

relied on analog controls rather than digital coaputers, but 

•odern systeas e•ploy aicroprocessor technology. 

Advances in coaputer technology have continued to provide 

smaller digital control devices with greater speed and 

capacity at lower cost. This baa per•itted the aachine tool 

builders to design the CNC control panel aa an integral part 

of the •&chine tool rather than aa a separate stand-alone 

cabinet. Subsequently, floor space requirements for the 

machine can be reduced. The use of VLSI circuits in these 
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controllers is of further benefit for both the machine tool 

designer and the aachine user. Fewer coaponenta in the 

controller aakes it easier and less expensive for the 

•achine tool builder to fabricate. Fewer circuit boards, 

which are readily replaced, reduce the burden on the user 

for aaintenence end repair. 

The external appearance of a CNC aachine is very siailar to 

that of a conventional NC aechine. Pert progreas are 

initially entered in a siailar aanLer. Punched tape readers 

are still the common device to inp~t the part progrea into 

the systea. However, with conventional nuaerical control, 

the punched tape is cycled through the reader for every 

workpiece in the batch. With CNC, the prograa is entered 

once end then stored.in the coaputer aeaory. Thus the tape 

reeder is used only for the original loading of the part 

prograa and data. Coapared to regular NC, CNC offers 

additional flexibility and coaputetional capability. New 

aystea options can be incorporated into the CNC controller 

siaply by reprograaaing the v.nit. Due to this reprograaaing 

capacity, both in teras of part prograas ano systea control 

options, CNC is often referred to by the tera "soft-wired" 
NC. 

However, controller functions are not necessarily 

iapleaented in ~oftware - the Japanese have even developed a 

single large scale integration chip for interpolation and 

servo control. The designer aust evaluate such features and 

perhaps provide the option (to the part progra•aer) of 

bypassing thea. For exaaple, the user aay wish to prograa a 

special interpolation scheme rather than use those 
available. 

Adaptive control (AC) aachining originated out of research 

in the early 1960s sponsored by the US Air Force at the 

Dendix Research Laboratories. The init~.al adaptive control 
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syste•s were based on analog control devices, representing 

the state of technology at that ti•e, Presently, AC uses 

•icroprocessor-based controls and it is typically integrated 
with an existing CNC syste•. 

In machining operation, adaptive control •eano a control 

syste• that •easures certain output process variables and 

uses the• to control speed and/or feed. So•e of the process 

variables that have been used in adaptive control •achining 

systems include spindle deflection or force, torque, cutting 

ter•perature, vibration amplitude, and horsepower. Jn other 

words, nearly all the metal-cutting variables that can be 

•easured have been tried in experi•ental adaptive control 

syste•s. The •otivation for developing an adaptive •achining 

syste• lies in trying to operate the process •ore 

efficiently. The typical measures of perfor•ance tn 

•&chining have been •etal removal rate and cost per volu•e 
of •etal re•oved. 

Just as CNC had certair. advantages over a conventional NC 

syste•, there are also advantages associated with the use of 

direct nu•erical control (DNC). However, the DNC syste•s 

that were •arketed in the late 1960s and early 1970s we~e 

extre•ely expensive. Their high cost, co•bined with an 

unfavourable econo•ic cli•ate at that ti•e, caused busine~s 

managers to resist the te~ptation to plunge into the new DNC 

technology. Also, the DNC systems available at that ti•e 

were so•ewbat rigid in ter•s of manage•ent reporting formats 
and hardware requirements. 

The develop•ent of CNC syste•s, together with lower cost 

co•puters and i•proveaents in software, have resulted in the 

develop•ent of hierarchical co•puter syste•s in 

•anufacturini. In these hierarchical syste••, CNC co•puters 

have direct control over the production •achines and report 

to satellite •inicomputers, which in turn report to other 
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coaputers. This hierarchical approach is advantageous 

coapered to the DNC packages offered earlier during the 

1970s. The aain advantage is higher flexibility. The 

information syste• can be tailored for the specific needs 

and desires of the user. This is auch better than the early 

DNC systeas, in which the reporting formats were fixed, 

which could soaeti•es result in en overflow of date being 

provided to aanegeaent. In the saae way, in &o•e cases 

details that aenege•ent nPeded could be ommitted. 

Another advantage of the hierarchy approach is the ability 

to gradually build the system instead of iapleaenting the 

entire DNC configuration all at once. This pi~ce-by-piece 

installation of the coaputer-integLated manufacturing system 

is a more versatile and economic approach. It permits 

changes and corrections to be made more easily as the system 

is being built. It also allows the company to spread the 

cost of the systea over a longer period of ti•e and to 

obtain benefits fro• each subsystem as it is installed. The 

hierarchical co•puter arrangement embraces the DNC 

philosphy, which is to provide useful report~ on production 

operations to •anage•ent in real time. One •ight say that 

DNC hes not really been replaced by thi~ new approach; it 

has si•ply altered its physical for•. This evolution in the 

configuration of DNC 9nd its inclusion of computer nuaerical 

control have resulted in the introduction of the term 

"distributed nu•erical control" for the initials DNC. 

One of the iaportant developments in DNC was the 

introduction of the flexible manufacturing systea. An FMS is 

a group of NC machines \Or other automated workstations) 
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which are interconnected by a •ateriala handling syste•. All 

of the •achines and the work handling syste• are controlled 

by coaputer. Flexible •anufacturing syste•s were first 

introdu~ed around 1970. Owing to the very high cost of the 

syste•a (several •illion dollars per FMS), there were only 

about a dozen syste•s installed by the end of 1980. However, 

FMS offer such a high potential for productivity i•prove•ent 

in batch •anufacturing that the nu•ber of installations is 

expected to grow substantially during the 1980s. FMS 
represents an i•portant step in the evolution of the 

coaputer-auto•ated factory of the future. 

The application of computer technology has a great potential 

for cost-reduction i11 discrete part •anufacturing. This is 

shown in Figure VII. 

Figur~ VII 

Life of the average workpiece in the avera•e (batch-type 

production) ahop 
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average work-piece in batch-type 
shops stays only about 5, of its 
of that 5•, only about 30, (or 
is actually spent as productive 

•et al cutting 

ti•e in •achine 
1.5. of the ove-

ti•e in re•oving 

There are two •ain areas where the greatest i•prove•ent in 

the econo•y and productivity of discrete part •anufactJring 

can be •ade. First, reduction of ti•e of parts in process in 

the shop, and thus of the resulting extremely high inventory 

of unfinished parts on the shop floor, and of finished parts 

waiting for others in process so that asse•bly of the product 

can proceed. Results already obtained with prototype 

co•puter integrated •&chining systems show that they have 

the potential to increase ti•e on the machine to as high as 

90,. The a•ount of idle capital which such an i•provement 

could free up would be enor•ous. 

Indeed, there is a •ajor econo•ic force encouraging rapid 

computer integration of •anufacturing and the eventual 

develop•ent and i•ple•entation of computer integrated 
factories. 

The second area of potentially great improvP.•ent is that of 

percent machine utilization. The 30' time in cut •u~t be 

co•bined with the fact that the average •achine spends 

approxi•ately 50' of its ti•e waiting for parts to work on 

(because of the 95• ti•e in transit). As a result, the 

average machine tool in a batch-type shop is being utilized 

productively (i.e. is a~tually cutting metal) only about 15' 

of the ti•e. Again, results already obtained with prototype 

computer integrated •achining systems show that they have 

the potential to increase •achine utilization to as high as 

90,. The increased utilization of capital, the reduction in 

labour and overhead costs as well as the increases of 
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productivity which such an i•prove•ent could bring about are 

of great significance. Obviously this represents another 

aajor econoaic force encouraging rapid co•puter integration 

of manufacturing and the eventual development and 

impleaentation of computer integrated factories. 

The choice of configuration depends to a large extent on the 

type range and batch size of parts being handled by the 

FMS.
2 

One of the major splits so far bes been into 

prismatic' - that is parts based around cuboid shapes such 

as gearboxes - and 'rotational' parts such as axles and 

shafts. The former are suitable for •achining on advanced 

CNC machining centres whilst the latter depend on lathes and 
cylindrical grinding equip•ent; the aajority of FMS 

installations are for prismatic types, reflecting the 

difficulties in handling rotational parts and their 

relatively lower value. No FMS is yet able to handle both 

prismatic and rotational parts, but this is clearly a 

direction in which future flexible systeas will have to 

move. It is understood that Japanese companies have already 

shown some activity in the area. 

Most prismatic parts systeas make use of pallet-based 

handling. Conveyors are used to move pallets containing 

light wei~ht components and those with short machining cycle 

times, whilst automated guided vehicles are used to 

transport heavier components. Since AGVs are slower than 

conveyors, efforts have been made to develop suitable 

fixtures to enable one pallet to carry several different 

components. This would mean a longer cycle time at the 

machines and compens~te for the speed disadvantage. One 

answer to this problem is the adoption of cube fixturing 

which allows severai components with short machining times 

to be attached to a cube. When this is then palletised and 

presented to the machine tool, machine utilization is 

rapidly increased. One company which had adopted this 
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sy£tea, intended eveptually to produce in exces• of 500 

different parts on a one-off basis, and asseable these parts 

es they =e•e off the FMS, reducing WIP to virtually nil. 

Most prisaatic systeas eaploy autoaatic pallet changers and 

other transfer aachinery; aany use pa,let systeas for tool 

•anageaent as well, often eaploying a tool-changing robot at 

the aachine tool. All FMS in use have soae fora of autoaatic 

tool change and aany have head changing ability on aachine 

tools as well. 

Experience with rotational FMS is less developed but here 

the handling is usually based on conveyors and robot 

transfer to and fro• aachine tools. 

For these, and other reasons, user• of FMS need to pay 

caref·~l attention to identifyina exactly which parts will go 

down the FMS. In turn this •u•t be related to the value of 

the part• involved and how •uch it presently cost• to 

produce the•. Currently the ai• appears to be to •o for 

lar•e, heavy hi•h cost co•ponents. It i• here that the 

principles of Group Technolo•y have beco•e widely applied, 

with a •rowing eaphasis on collectina to•ether 'fa•ilie•' of 

part• which require si•ilar •achinin• operations. 

The result, in ter•• of syste•• configuration, of this 

e•phasis on parts i• that a ranae of solutions have been 

developed. These run fro• •Y•te•s which are designed to 

handle hilh volu•e• but with so•e variety and which •ight 

aore appropriately be called 'flexible transfer lines' 

(FTL), through what •ilht be teraed "classical" FMS with a 

aediu• •ix of voluae and variety, right down to low voluae, 

high variety application• which are bein• ter•ed 'flexible 

•anufacturin• cells' (FMC). Fi•ure VIII illustrates this 

differentiation. 
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Figure VIII 
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The existence and further develop•ent of NC •achine tool is 

significant in itself. So is the emergence of intelligent 

robots since the •id 1970s. However, it is the co•bination 

of NC aachine tools, intelligent robots and various other 

electronically controlled devices which provides a new 

setting for •any types of integrated industrial production. 

In teras of control technology and program•ing, industrial 

robots share much in co•aon with nuaerical control aachines. 

Robots are used for aoving workparts and tools in the 

perforaance of industrial tasks. An iaportant nuaber of 

these tasks are concerned with the loading and unloading of 

production •achines, including NC •achines. The robot and 

the •achine fora an autoaatic work cell, with raw workparts 

being fed into the cell by conveyor and coapleted parts 

leaving the cell by conveyor. All this is accomplished with 

little or no hu•an attention. 

Robots are key eleaents in flexible manufacturing systeas 

which will be briefly discussed after soae general co•aents 

on control. 

Discrete-part •anufacturing equipaent is increasingly being 

described initially by how it is controlled rather than by 

the function it perfor•s. lxaaples of this are widespread: 

CNC-controlled aulti-axis aachining centers, computer­

dire~ted flexible aanufacturing cells, programmable 

controller instructed autoaatic palletizers, computer­

controlled injection aolding aachines, etc. Part of this 

trend is a proaotion ploy in this age of the autoaatic 

factory, but aore iaportantly it represents a fundamental 

change in how •anufacturing equipaent is deai•ned and how it 

is purchased. 
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In the past •achinery was initially •echanically designed 

and then, as kind of an afterthought, the control syste• was 

hung on as beat it could be. But his approach no longer 

suffices withrihe co•plex auto•atic •achinery of today. 

It is becoaini increasingly evident that the availability of 

the aicroprocessor is offering a unique opportunity to 

ingenious designers of industrial control equip•ent. This 

applies to all types of instru•entation and control 

co•ponents including progra•aable controllers, process 

controllers, data acquisition syste•s, sensors, prograa•able 

•otion controllers. 

The industrial robot is a key co•ponent in a total CAM 

syste•. The long tera ai• is 'full co•puter integration'. 

This •eans deve)oping co•patible software for both CAD and 

CAM. It also •ean~ that truly flexible, prograa•able 

automation would be available for the aanufacture of 

dissi•ilar workpieces produced in &•all batches. 

An industrial robot consist• of three eleaents 

aanipulator, controller and power unit. The aanipulator is a 

•echanical structure of joints and linkages which can be 

•oved in various axes. A wrist and gripper can be added to 

the aanipulator to make further •ove•ent possible. One 

i•portant •easure of a robot's versatility is the nu•ber of 

axes (degrees of freedo•) which are under control. 

The controller can be as •odest as a si•ple pneu•atic logic 

system or as sophisticated as a aini-co•puter. Si•ple, non­

servo robots operate against •echanical stops and li•it 

switches. The advanced servo-controlled devices e•ploy 

feedback instru•entation which tells the controller when the 

robot gripper bas reached the desired point in space. 
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The power unit can be pneuaatic, hydraulic or electrical. 

Pneuaatic drives are used aainly for siaple, non-servo 

robots. Their speed and positional accuracy are difficult to 

control but they have the advantage of reliability and 

low cost. Hydraulic drives aake use of coapact aotors and 

cylinders which generate high power levela. Positional 

accuracy and repeatability are both susceptible to fine 

control. llectrical drives are generally used for hifh 

accuracy applications involving light loads. They drive 

stepper aotors, servo-aotors and solenoids to produce highly 

sophisticated control capability. 

It seeas clear that the liaitations today are in the areas 

of systea desifn capability, process knowhow, and econoaic 

justification and are not a function of control equipaent 

availability to satisfy application requireaenta. Provided 

the knowhow and money are there the control equip•ent is on 

the aarket to perait process and aanufacturin& plan~• to 

accoaplish just about anythint they want to achieve in ter•s 

of advanced autoaation. 

Robots have beco•e in recent years a reality for users in 

•any countries. The application of robots provides already a 

practical way of solving proble•s of labour productivity, 

increasing quantity and speed of •ass production, •eeting 

higher qualitative deaands, replacing hu•ans in dangerous 

work etc. This situation is found, though, alaost solely in 

industrialized countries. The availability of sophisticated 

•iniaturized and relatively cheap hardware, due to the 

develop•ent of •icroelectronics, is the •ost i•portant 

factor influencing the wide diffusion of robots. Serious 

technical problems, however, re•ain to be solved, such as the 

need for 

- continuous innovation of robot •echanis•s to ~er•it higher 
operationaJ speed, •anipulation of heavier loads, increased 

accuracy, reliability and safetey, easy maintenance, etc.; 
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suitable vision, tacticle, 

located on or close to the 

- rapid developaent of appro~riate software tools, both 

standardized packa1ea for universal tasks and interface with 

the whole ayate•. 

The close links between producer and users of robots will 

becoae increaainfly iaportant as production and aanufacture 

of aany products will undergo aajor changes. The further 

developaent of robots and their increasing availability at 

lower coats are likely to have a aajor iapact on asseably 

operations as well as product design which can be suaaarized 

in four •ajor categories. 

First, electronics will becoae aore iaportant both in the 

aanufacture process and in the products to be aanufactured. 

Second, the joining of various co•ponenta within a product 

will be aodified and siaplified in order to accoaodate the 

robots. Third, the nuaber of parts in a product will 

continue to decrease. Fourth, the design of a product will 

increasingly beco•e autoaated with an closer link between 

design and aanufacture. 

The total stock of industrial (prograaaable) robots had at 

the end of 1984 reached alaoat 100,000 according to recent 
3 

research. Japan bas a very large share with about 64,000 

units followed by the USA with 13,000. Sweden has an 

iapressing figure of 1,900 and West Geraany 6,600 robots. It 

•ust be stressed that this survey includes only progra•aable 

robots while other statistics, aainly eaanating fro• Japan, 

include all types of siapler devices which have auto•atic 
functions. 

The Japane•e classification has five categories 

1) a slave aanipulator teleoperated by a huaan aaster; 
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2) a li•ited-aequence •anipulator (further claaaified into 

"hard-to-adjust" and "easy-to-adjust" categories); 

3) a teach-replay robot; 

4) a co•puter controlled robot; 

5) an intelligent robot. 

It is only the last one which is usually referred to as 
robot. 

Table 4 

World robot population 

working DO. robots 
no. robots population per 10,000 

Country Dec. 1984 x 1000 workers 

Japan ·64,000 20,000 32.0 
Sweden 2,400 1,350 17.7 
Belgiu• 859 1,350 6.4 
Germany, Fed. Rep. of 6, 600 11,500 5.7 
UI 2,623 5,500 4.8 
France 3,380 7,700 4.3 
USA 13,000 30,000 4.3 
Spain 518 1,350 3.8 
Italy 2,700 7,800 3.5 

----------------------------------------------------------
Source: Steady growth for robots in 1984. I~~ 1!~Y!!r!~! 

B2~2!, March 1985, p. 30. 

The table above shows that so far, the introduction of 

robots has had very little i•pact on the overall e•ployment 

situation. 
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The industrial structure is characterized by a large nu•ber 

of co•panies and it has been esti•ated that in 1983 there 

were so•e 250 in 3apan (including 80 which produced robots 

for their own use only), approxi•ately 50 in the USA and 

probably the sa•e nu•Ler each in western and eastern Europe. 

The nu•ber of fir•s on a world-wide basis with external 

robot sales can thus be esti•ated to be about 300. 

There can be little doubt that in the future the •anufacture 

of robots will be concentrated to a relatively s•all nu•ber 

of producers which are handling the •ass •arket. The reasons 

are •anifold. First, the technological change is rapid and 

the •anufacture of robots requires considerable R&D 

resources to stay co•petitive. Second, there are 

considerable economies of scale to be reaped in production 

as well as development and •arketing. The application work 

required fro• the custo•ers is very knowledge-intensive and 

cannot easily be •astered by s•all co•panies. So, even if 

s•all co•panies may maintain their niches, the rapidly 

growing •arket for robots •ay in the future be captured by a 

s•all nu•ber of co•panies. 

Al•ost all applications have until quite recently been found 

in a couple of sectors, •ainly the auto•obilc and electric 

machinery industry. In light of this it is not surprising 

to find that a nu•ber of the large automobile manufacturers 

like Volkswagen, Renault, Fiat and BMW in Europe and General 

Motors in the USA have started their own manufacture of 

robots. The major uses for new industrial robots are spot­

welding, painting and machine tending, which a few years ago 

covered almost 75' of all new industrial robots. It is 

noteworthy that assembly robots hardly existed in 1980 but 

they were expected to capture 14~ of the market in 1985. 

The reason for this is the following. Many manufacturing 

processes have ove1· the past two decades become automated. 
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In the future, very high invest•ents will be required in 

order to achieve further i•prove•ents. At the sa•e ti•e, 

technical •easures like asse•bly robots, have becoae 

available to auto•ate s•all batch production and attention 

is increasingly turning to parts handling, asse•bly and 

robots technology. 

The robot industry is a high-technology industry which in 

so•e respects differs fro• other coaparable high-technology 

industries such as •icroelectronics and teleco••unications 

industries. These differences ste• •ainly fro• the fact that 

the develop•ent of robotics, to a higher degree than that of 

the above-•entioned areas, is based on the integration of a 

•ultitude of t~chnologies fro• a variety of industries 

•achine tools, co•puters, process control, sensor technology 

and software, as well as various kinds of application 

knowledge in welding, painting, asse•bly etc. 4 

The robot industry is a very young one. The first co•mercial 

use of industrial robots - as they are now co••only defined 

- date• back to the be1innin1 of the 1960s. However, it was 

not until the •iddle of the 1970s that ouptut reached a 

level which warranted the consideration of the industrial 

robot industry as a separate entity. Before that ti•e, only 

very few co•panies were achieving yearly sales in the order 

of as •uch as 10 aillion dollars; orders were received only 

interaittently fro• a very thin custo•er base. 

For several reasons, the inception of the 

industry can be said to date back to the 

1970s: 

industrial-robot 

•iddle of the 

(a) The results of the R~D work carried out in the period 

1960-1975 began to be ready for com•ercialization; 

(b) New •icroelectronic co•ponents became available, 

' 
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especially the aicroprocessors (developed during the early 

1970s) which for• the basis of today's powerful and cost­

effective control systeas; 

(c) Ti•e is required for potential use~s to assess the 

technology and acquire the necessary knowledge for its use. 

Not until the •iddle of the 1970s did the large auto•otive, 

electrical and electronics •anufacturera co••ence planning 

long-ter• and large invest•enta in robots. 

Since the second half of the 1970s, the robot industry has 

seen very rapid growth. In ter•s of value, as well as of 

units, average yearly growth of robotics has exceeded 30,, 

attracting the entry into the business of both new and large 

established fir••· Accordin1 to several forecasts, the high 

growth rate of robot installations is likely to continue, at 

least throughout the present decade. See Table 4 for 

infor•ation on present stock of robots. 

Industrial robots have been applied to a areal variety of 

production tasks. For purposes of organization, we will 

divide the applications into the following seven categories: 

1. Material transfer 

2. Machine loading 

3. Welding 

4. Spray coating 

5. Processing operaticns 

6. Assembly 

7. Inspection 

The use of robots has initially been concentrated to a 

li•ited nu•ber of tasks of which welding and spray-coating 
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within the automobile industry have been pro•inent. In order 

lo realize the full potential of robots we will below 

provide a list of incentives which indicate a •uch higher 

intensi~y of robot use. Before doing so, however, we will 

refer to an OECD survey which indicates that the high growth 

rates which the robot industry has experienced in the past 

is expected to continue. See Table 5. 

Table 5 

Expected diffusion of robots in selected countries 

(no. of robots) 

1981-85 1985-90 

Country 1981 1985 1990 ' ' 
Japan 9,500 27,000 67,000 30 20 

USA 4,500 15,000 56,000 35 30 

Sweden 1,700 4,100 8,300 25 15 

FRG 2,300 8,800 27,000 40 25 

UK 713 2,700 10,000 40 30 

France 790 2,100 6,500 28 25 

-----------------------------------------------------------
Source: OECD Industrial Robots Their Role in Manufacturing 

Industry. 

Let us examine the incentives for the development of 

intelligent robots. 

(A) Social incentive•: The most important incentive for 

developing robots should be social - replacing humans, who 
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perfora undesired jobs, by aachi~ ~. Japan, for exaaple, is 

planning to eaback upon a large-scale progra• for the 

developaent of robots operating in hazardous environaents. 

The ranking of robot developaent should thus be ordered 

according to job undesirability. i.e. jobs that are: 

1) lethal - e.g. in a high radiation environaent; 

2) haraful - e.g. paint spraying. handling toxic cheaicals; 

3) hazardous - e.g. co•bat. fire fighting; 

4) strenuous - e.g. lifting heavy loads, visual inspection; 

5) noisy - e.g. forging, riveting; 

6) dull - e.g. sorting, assembling. 

(B) Technoeconoaic incentives: The second aost iaportant 

incentive for robot developaent is reducing the 

manufacturing cost of products and improving their quality. 

1) Current liaitations: in spite of the strong social and 

econoaic incentives aentioned above, onl~ a very saall 

fraction of the entire human work force in the world has 

been replaced by industrial robots. Furtheraore, it is 

estimated that the growth rate of the total nuaber of 

industrial robots (excluding teleoperators and liaited­

sequence aanipulators) will rise from 2,000 per year in 1980 

to 40,000 per year in 1990; these figures correspond to a 

yearly replaceaent of about 0.003-0.006% of the total blue 

collar work force in the industrialized countries. Such a 

low rate of growth of robot population has resulted 

primarily fro• the limitations of today's industrial robots. 

2) Future capabilities: the best way to overcoae the 

limitations of today's "muscle-only" robots is to provide 

them with intelligence, i.e. adaptive sensing and thinking 

capabilities. Such intelligent robots will be able to 

compete •ore effectively with not only blue-collar workers 

but also white-collar workers. Most industrial coapanies 

have not yet agreed with th is observation but they wil I aeree 
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hopefully not too late, when the threat of worldwide market 
competition becomes unbearab!e. 

(C) Socioecono•ic proble••: Development of intelligent 
robots •ay raise many problems, the major one of which is 

national une•ployment. Obstruction of the development of 

intelligent robots by the labour unions will only worsen the 

unemploy•ent problem because other countries. especially 

Japan, will proceed with such development and, as a result, 

foreign co•petition will become stronger. 

The technical approach to intelligent robot development 

should be based on application of artificial intelligence 

(AI) techniques to robotics under four engineering 
constraints: 

1) high reliability - the robot must be robust; if it fails, 

it should be able to detect the error and recover from it or 
call for help; 

2) high speed - the robot should be able to perform its 
functions as fast as nec~ssary; 

3) progra••ability - the robot should be flexible (able to 

perfor• a class of different functions for a variety of 

tasks), easily trainable (for new tasks or •odification of 

old ones), and intelligent (able to perceive problems and 
solve the•); 

4) low cost - the cost of the robot should be low enough to 
justify its appJication. 



Clearly. these constraints may conflict with each other. For 

exemplt. increasing the robot speed or lowering its cost •BY 

also lower its reliability. A trade-off, therefore, must be 

engineered for different applications according to the 

significance of each constraint. 

As shown above, a robot system may be divided into 

effectors, sensors, computers, end auxiliary equipment. 

Robotics R&D topics associated with these major functional 

components include manipulation (of arms), end-effectors, 

and mobility; sensing (in general), noncontact sensing, end 

contact sensing; adaptive control (which utilizes sensors to 

monitor and guide effector actions); robot programming 

languages and •anufacturing process planning (whir~ generate 

task specific co•puter programs that are executed Jy the top 

level and lower level controllers). 

From the technological point of view, the development of 

industrial robots is moving towards: 

- A rapidly increasing degree of sophi~tication, especially 

with respect to control system and sensors (e.g. •echine 

vision); and 

- The integration of i~~ustrial robots with other computer­

control led •anufacturing equipment. This will require 

extensive development work in the area of syste•s control, 

interface and co••unication. 

To retain its position in the technological forefront, a 

company must •eke very heavy investments in R&D. In the USA 

it has been estimated that in 1982 the total su• spent on 

R&D by the A•erican robot manufacturers amounted to $26.5 
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million, or 19~ of the value of total ship•ents. Few other 

industries are likely to have such a high degree of R&D 

intensity. 

The decision of a •anufacturer when making his selection 

amongst the above-mentioned strategies is generally 

dependent upon his financial, technological and •anpower 

resources as well as on the existence of international 

subsidiaries of the parent company for marketing purposes. 

Within this framework each strategy is evaluated with 

respect to: 

- investaent costs: R&D, capital investment and aarketing; 

- market size and aarket growth; and 

- competition. 

Investment cost is a very heavy item in the cost picture of 

a robot manufacturer, especially if all three elements 

listed above are included. One would therefore be tempted to 

conclude that the obvious strategy oto select is the 

manufacture of general-purpose robots intended for a 

multitude of applications requires extensive investment in 

process knowledge and the development of peripherals and 

accessories for each type of application. Thus, the 

economies of scale that might be achievable with respect to 

the basic robot unit might therefore be lost owing to the 

increased costs of the development of each proce3s 

application. Thia can of course be offset if the 

manufacturer has the capability of effecting large-scale 

production for each application area, a situation likely to 

occur only if the manufacturer has a strong international 

market. 

In view 

robots 

of the above, 

will probably 

the production 

be mostly 

of general-purpose 

confined to large 

manufacturers with international outlets whilst s•eller and 

medium-sized independent manufacturers will mainly 
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concentrate on the manufacture of either special-purpose or 

value-added robot systeas. 

Owing, on the one hand, to the fact that the robot industry 

is an emerging industry having strategic iaportance for the 

development of total industry and, on the other, to ghe 

large size of the necessary R&D investments, most European 

Governments have set up specific R&D programmes for robot 

development. 

The investment for sales and service organization and 

marketing, is extremely costly, especially if it is 

undertaken ona wide international basis. Only the very large 

robot manufacturers have financial and manpower resources to 

engage in such investment. Smaller and medium-sized firms 

are therefore usually obliged to concentrate either on 

regional markets and/or joint-venture or licensing 

agreements with foreign firms. 

Finally we will provide a few comments which indicate the 

future role of robotL in •ore integrated flexible 

manufacturing systems. 

Robots are often key constituents of FMS. They can be 

interfaced with CNC machine tools in a machine cell, where 

their task is to load and unload workpieces. In more 

amLitious applications, robots can figure in full blown FMS 

layouts under DNC, where a master computer - which may be 

located remote from the factory - passes instructions to 

robots, conveyor system and CNC machine tools. In this type 

oi application, the possibilities for unmanned aanufacture 

of sma1! batches of varying workpieces becomes economically 

feasible. 5 
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The further introduction and diffusion of NC aachine tools 

depends aore on further developaent on prograas (software) 

and conceptual changes of the production process, than any 

developaent, per se, of the NC aechine tool. However, there 

is little doubt that various types of sensors aay facilitate 

and enable aore efficient and aore closely integrated 

production processes, in particular when robots are to be 

utilized. 

Sensors are key elements of control systeas since they give 

the inforaation about the state of the process. Sensors are 

more iaportant for robots than for the other NC aachine 

tools discussed earlier. 

The development of sensors for ·~asuring coaposition and 

product quality has resulted in considerable progress, in 

the past few years. There has also been considerable 

developaent of saapling techniques. Because of its 

innovative character, it is difficult to predict the 

develop•ent of future sensors. Developments should, however, 

be watched closely because availability of new sensors will 

invariably lead to new pus•ibilities for autoaation. 

Engineers have alw~ys tried to design sensors to be as 

selective as possible in their sen~itivity and to produce a 

nice, tidy linear output. This can aean choosing an 

unsatisfactory type of sensor, or trying to clean up the 

signal in a central processor. For example, engineers prefer 

to install thereaocouples rather than se•iconductor 

thermostors to measure changes in temperature. The 

theraocouple is awkward and less sens!tive, but it produces 

a linear output. The new approach, which still has to make 

the transition from laboraotry to industry, involves putting 
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a proce•aor on the aenaor. 

There ia con•tant debate about whether a robot aboald ha•e 

tactile aenain& or viaion aenain1. or •aFbe both. Yiaion ia 

1ood for parta identificatio• a•d acquiaitio•. whereaa 

tactile technique• are better for part• inaertion. So robot• 

can use both typea of senai•I· 

With the •ovea to increase autoaatioa of factories. 

developaent of robot•. eapecially intelli1ent robot•. haa 
drawn keen intereat fro• induatry. Control ay•te•• and 
aechanical technologiea have led to adva•ced robot 

capabilitie•. lut for takin1 robot• to a aore advanced atep 

in which they can aove o• the baaia of the work to be do~e 

and the environaent of the workplace. rather than siaply 

followin& preproaraa•ed inatructiona. aensora will be 

indi•pensable. Yiaual aenaora are aaon1 t•~ aoat iaportant 

for •ore advanced robots. 

. 
With viaual aen•ora. recognition deciaiona are performed in 

a preproceaainl unit that draw• the eaaential infor•ation 

fro• i•a1e data obtained by uain& a caaera to for• the ba•i• 
for a deciaion within predeterained paraaetera. On the basia 

of theae para•eters, the aain procesaor •akea the final 

deteraination and the controller drives the •oveaent of the 

sy•tea. 

Vi•ual reco1nition sy•te•s take over fro• bu•an in three 
ba•ic function•, viz, discri•ination, position and 
orientation detection, and inapection. 

The baaic coaponent• of a aachine vision systea are the 

following. The aensor, aoat coaaonly a televiaion caaera, 

acquires an iaa1e of the object that is to be reco1nized or 

inspected. The di1itizer convert• this iaa1e into an array 
of nuabera, representing the bri1htnesa value• of the iaag~ 
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at a grid of points; the nu•bera in the array are called 

pixel•. The p~xel array_ ia input to the processor, a 

general-purpose , or c~sto•-bui_l t co•puter that anal yz~s the 

data and •a~es:~he ~ec~ssary decision•·. (idehtifying th~ 
. ' . . . 

object, detecti~g flaws). The processor •ay also have so•e 

degree of control over the sensor, tbe object, or the 

environ•ent; it •ay, for exa•ple, b~ --able to r«>cus or adjust 

the gai~ . on the ~ensor, slow down the •ove•ent of the 
obje~t past the sensor, or vary the illu•ination. 

Recognition ~ys~e•s of vario~s de~re~~ of sophistication 

have bee~ developed by a very large nu•ber of fir••· Many of 
. . . . . . 

the basic 2-D vision techniques h•ve been incorporated 

such syste•s. The •ajor li•itation on these syste•s 

co•putation ti•e. 

Machine vision has not yet achieved the power 
'. . .. ~ 

into 

is 

'and 

flexibility of hu•an vision, but it ia i•proving 

continuously and can already perfora very well in various 

restricted environ•ents. Aa the cost of co•puter power 

continues to drop, the range of pr~ctical appiications of 

•achine vision will continue to' expand . ... . 

One area to watch ia all types of ap~lications which require 

extre•ely high •easure•ent aensitivites. Fibre-optics 

sensors are already setting so•e new levels in •easure•ent 

sensitivities. The posibilitiea to replace co•plex 

•echanical and electronic sensor devices with little more 

than a piece of glass or silica is not only attractive, but 

•ay solve •any applications proble•s. 

When deter•ining the appropriate •onitoring concept, several 

considerations •ust b~ taken into account, such as the 

required data for the •onitori~I function and how it should 

be recorded and processed. The •onitoring strategy will 

deter•ine the solution with regarda to the para•eters and 
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the sensor principles. 

The task is the collection and transfer of encoded 

inforaation and r.ignals fro• one place to another. Wire 

cabling perfor•s this task by •eans of its conduction of 

electronic voltages and currents; 

basically electronic inforaation 

fibreoptics conveys this 

in the for• of optical 

signals - light •adulated in aaplitude, phase, frequency, or 

polarisation. Bundles of glass, silica, 

can also trans•it entire i•ages with 

capacity. 

or plastic fibres 

little loss of 

All fibre-optic sensors can be classified into one of two 

classes according to their aode of operation; 

* Extrinsic •ensors: 

In such sensors, the fibre itself is passive, and is used 

only to trans•it light froa ~ne location to another, e.g. 

fro• a light source to the sensing location and/or fro• the 

sensing location to a detector. The fibre plays no role in 

the actual sensing itself; sensing results fro• non-fibre 

related effects, such as reflected or scattered light, 

interruption of a light beam, etc. Any influence of the 

fibre itself on such sensing is undesirable and will lead to 

inaccurate sensor response. 

* Intrinsic •ensors: 

In this case, the fibre itself is the active element, and 

propagation of light through the fibre is used not only for 

signal trans•ission, but for quantifying the parameter to be 

measured. The phenomenon to be measured or parameter to be 

quantified •ust influence fibre characteristics in some way 

so that the light flux transmitted by the fibre will be 

altered fro• the quiescent case. The received signal •ust be 

related to the •easured quantity in soae unaabiguous way. 
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These two basic sensor types aay be coabined to fora hybrid 

sensor devices and systeas for the siaultaneous •easureaent 

of two or •ore external paraaeters by a single sensor bead. 
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llPIRil•CI I• DIYILOPING A CAPABILITY I• •c MACBlll TOOLS 

A ••all nu•ber of developing countries includini India and 

China, and several NICa have ventured into the develop•ent 

of NC machine tools. 'lbe Republic of Korea and the Province of Taiwan prove 

to be quite successful cases. partly learning lessons from Japan. 

However, we will use the experience of Argentina as a •ore 

relevant case to highlight the proble•s facini a developing 

country. 

The present decade is characterized by the rapid diffusion 

of •icroelectronics in industry. This ~ili lead to increases 

in labour productivity and to significant changes in the 

structure/organization of jobs. The linkaie of aechanics 

with electronics is so•eti•es called "•echatronics". It 

deals with the appalication of advanced technologies, such 

as •icroelectronica, to ~chieve greater efficiency in the 

design, production and operation of •achinery. Robotics is 

believed to be the lesdina aechatronic principle. Robotics 

see•• to be a typical exa•ple of the natural convergence of 

autoaatic control and infor•ation technology in the field of 

factory auto•ation. We will now describe this chan1e in a 

few developinl countries and we will start by lookin1 at the 

Araentinian case. 

NC aachine tools (NCMTs) constitute tbe auto•ated •achine­

buildina technology that has received the widest diffusion 

in Araentina during the last decade. The technoloay is in 

use not only in larae firas producina oil equip•ent, nuclear 

equip•ent, ships and heavy electrical equip•ent, but also in 

•ediu• and so•e ••all fir•• producinl a1ricultural 

•achinery, 

esti•ated 

pu•ps, valves and auto parts. However, it is 

that less than 100 establish•ents are e•ploying 

this technoloay. 
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The diffusion of auto•ated •achine-buildin« technologies in 

Argentina took first place in the late 1970s, when the 

econo•y was characterized by a bias in govern•ent policies 

against thP •anufacturing indus~ry through overvaluation cf 
the peso. 6 This •ade i•ported goods relatively cheap and 

wages, in dollar ter•s, far higher than what •ight be 

regarded as "nor•al" in a se•i-in~ustrialized country. In a 

study co••issioned by UNCTAD, the author presents the 

following hypothesis: at first, the •ain reason for 

introducing NCMTs was linked to the need to replace skilled 

labour in the context of industrial rationalization in order 

to be able to co•pete with i•ported goods. However, once the 

above-•entioned econo•ic situation ended in early 1981, as a 

result of a reversal of the economic policies carried out 

since 1978, another situation prevailed in which do•estic 

fir•s would have little incentive to introduce this 

technology. 

The •otivations of the Argentinian user fir~s 

introducing NC •achine tools do not see• to concur with 

is found in the industrialized countries. In spite of 

special characteristics of the Argentinian econo•y at 

tiae of introduction of the technology, Nr.MTs continued 

be installed afterwards in a situaiton of relatively 

for 

what 

the 

the 

to 

low 

wages and this indicates that capital-labour substitution 

has not be~n the main reason for the ado~tion of the 

technology, as is the case in the industrialized countries. 

Large users fabricating complex equipment, acquired NCMTs 

for technological reasons. The product to be •anufactured 

makes the use of this technology almost iaperative. In this 

context it is important to note that in these cases the 

technology is introduced not in a rationalization context 

but in connection with changes in the product •ix to include 

more complc~ ite••· For smaller users, reduced labour costs 

have been acl•ieved via shorter machining ti•es, and in this 

way so•e capital-labour substitution may take place, though 

! 

I 
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not with the intensity seen in the industrialized countries. 

When analysing the diffusion of NCMTs, local production of 

these devices cannot be overlooked. Proxi•ity to the 

supplier and the reputation of the indigenous producer in 

the do•estic •arket are factors that have facilitated the 

purchase of this equipaent by •ediu• and s•ell fir•s. 

Despite the s•all scale of production and given the fact 

that key co•ponent ite•s such as the electronic control unit 

are i•ported, prices of locally •ade lathes are not very 

•uch higher than i•ported lathes. 

The pioneer fir• in this field hes entered into the 

aanufhcture of •ore advanced lathes and machining centres 

under licensing agree•ents and a newco•er has eaerged with 

NC equipaent of its own design. This indicates that 

Argentina's production of NCMTs is gaining aoaentua. Given 

the critical situation of the balance of payments because of 

the debt burden, it is clear that i•ports of NCMTs will be 

more restricted than in the recent past, making domestic 

production of this equipaent a profitable venture. In view 

of this fact, the degree of protection to be given to 

doaestic producers, the duration of such protection and the 

extent of domestic participation (including regarding 

electronic coaponents) are key issues on which policy 

decisions have to be taken. In other words, the difficult 

question that needs to be answered is to what extent and for 

how long user industries, and the economy as a whole, should 

pay the costs of strengthening domestic production in this 

critical branch. If the tariff protection and the degree of 

local participation remain at the current level, another 

important issue is to what extent this domestic effort is a 

step in the right direction for the creation of an 

internationally competitive industry. 

Regarding CAD, although some diffusion has already taken 
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place in Argentina a few large firms, the high cost of the 

technology and its relative underdevelopment have prevented 

a •ore significant diffusion. The experience of the user 

firms see•s to be rEther encouraging with respect to the 

technical advantages of the technology. However, the 

economic justification for using CAD/CAM for drafting and 

design is rather dubious in a country with low wages, unless 

other benefits can compensate for this situation. 

It is neverthele~s likely that CAD/CAM will continue to be 

diffused in the future, and there is so•e scope for 

indigenous production of software. The possibility of using 

some cheap CAD/CAM systems for programming NC machine tools 

should be explored because this is an area in which the 

domestic market will certainly become significant. 

Robot technology, which basically replaces unskilled workers 

in repetivite operati~ns, is being introduced in Argentina, 

though in a very limited manner, in metalworking industry. 

This in spite of very low wages of unskilled labour and the 

high level of unemploy•ent in the country in recent years. 

The introduction of the automotive producers is linked to 

the transnational character of the parent fir•s to which the 

Argentine subsidiaries belong. Another important factor is 

the coa•itment of these TNCs to use robot technology not 

only in the industrialized countries but also in the semi­

industrialized countries, even in those countries where no 

significant export operatiosn are envisaged. The way in 

which TNCs have been proceeding in this field clearly shows 

that the technological logic of the design and production 

process of new car models prevails over the economic 

conditions of the host country. This reduces the room for 

manoeuvre of the host countries in obtaining better 

technological and economic conditions in TNC operations. In 

the Argentine case, this situation has been aggravated by 
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the co•plete freedo• with which the co•paniea have been 

developina their technoloaical activities and the poor 

export perfor•ance of the auto•otive industry. 

A different aspect is that a leadina new technology is 

introduced into a country not for reasons linked to labour 

costs but with regard to consistency of product quality and 

the i•prove•ent of working conditions. T~is clearly leads to 

the possibility of indigenous develop•enls in this field. 

The efforts •ade by Araentine •etalworking co•panies and by 

the French •otor car co•pany, though having a different 

ra~ionale, are an indication that there is roo• for the 

develop•ent of a technology policy in this area. Under the 

present econo•ic conditions, robots should receive less 

priority than NC •&chine tools and CAD/CAM. 

We will now turn our attention to robots by •entioning the 

recent development in the Republic of Korea. To stimulate development of 

auto•ation equip•ent, the lorean govern•ent has sponsored 

two projects for robot develop•ent; one is being carried out 

by Daewoo Heavy Industries (DBI), and the other by Sa•sung 

Precision Industries (SPI). These co••panies are •e•bers of 

two of the biggest groups in Korea, which have annual sales 

in the region of US$ 5-7 billion. It is noteworthy that the 

Koreans leave the work to industry, whereas the Taiwanese 

for exa•ple, carried out the original develop•ent in 

government laboratories. 

It is generally agreed that DBI is leading the other Korean 

co•apnies towards the production of general-purpose robots, 

but when it co•es to actual installations, Hyundai Machine 

has produced a nu•ber of spot welding robots which are 

already in use at Rundai Motors' newly extended plant at 

Ulsao. Production on the new line started in January 1985, 

and sales of the new Pony car started two •onths later. 
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To develop a wider range of robots, the Hyundai group has 

meanwhile set up a consortiua, including the shipbuilding, 

engineering and electronics companies.' Hyundai Machine will 

be the manufacturing unit. Hyundai Electronics Industries is 

currently deciding whether it should develop its own robot 
~ 

controller and CNC, or find ~ licensor. 

Gold Star Tele-Electric produced an educational robot, 

similar to that developed by Mitsubishi Electric for some 

time, but owing to lack of interest, production has ceased. 

Gold Star Tele-Electric also produced five manipulators for 

withdrawing mouldings fro• injection moulding machines. 

These are used in-house, but at present there are no plans 

to produce this type of robot on a larger scale. The company 

has started a feasibility project for an assembly robot, but 

the company experts do not expect there to be any market for 

robots in Korea until the 1990s. This view is echoed by 

Samsung Precision Industries. The main explanation for this 

situation is that local labour costs are approximately US$ 

3/hour including large fringe benefi~s. 

Thus the Republic of Korea is not likely to be a fruitful market for robots 

for another five years or so. However, by that time, the 

•ain industries in the country will have developed a range 

of prototypeg, and will be in a good position to dominate 

their home market. 

The entrance fee for entering into robots has become quite 

high. It is currently estimated that approximately 100 

manyears are required by any robot manufacturer in the 

industrialized countries in order to develop a robot up to 

the prototype stage. This amounts to roughly US$ 10 million 

and does not include any marketing costs. By using existing 

components and drawing on the earlier designs it may be 

possible to reduce this amount by about 50' for a major 

modification of an existing robot model. 
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As discussed earlier, there are ~wo prerequisites - which 

are to a considerable degree contradictory - for achieving 

success in the robot business. On the one hand, there is the 

need for heavy R&D invest•ent, which in turn provides 

incentives for internationalization in order to achieve a 

larger production volu•e over which the R&D cost ana be 

distributed. On the other hand, as internationalization 

requires large invest•ent in •arketing and the establishment 

of service and installation organizations, it might justify 

concentration on certain regions or certain •arket segments. 

There is, however, a third approach, which most robot 

manufacturers have adopted: the achieve•ent of economies of 

scale through partnerships, joint ventures or licensing 

agreements with various co•panies on different markets. For 

the licensor the advantage lies in the fact that his R&D 
costs will be _partly rei•bursed without his needing to 

invest in foreign market organizations (provided of course 

that the licensee is successful). The licensee has at the 

same ti•e the advantage of not having to invest in R&D for 

robot develop•ent and is able to concentrate on value-added 

activities &nd aarketing. 

From reading robot news in the Japanese econo•ic press in 

the early 1980s, the i•pression was created that the robot 

menuf~cturers are increasingly drawn into a close of 

reldtions of joint developaent, joint •anufacture and joint 

marketing. However, this was at the ti•e partly an i:lusion 

due t~ false reporting but aainly due to a preoccupation of 

many manufacturers in Japan to establish internaitonal 

outlets for their products. The reason was that many of them 

are small or very siaple and •oat of the• lack the proper 

distribution channels for robots. Today the situation is 

quite different with a few powerful robot consortia been 

recently foraed. The most i•portant i• the partnership 
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between General Motors in the USA and Fanuc in Japan. 

However, the robot manufacturing sector includes a fairly 

substantial number of small companies which cooperate in a 

complex network of supplier links. 

Some general conclusions regarding the iaportance of 

international cooperation in the robot area can be drawn 

from current experience: 

(a) Most licence agreements are drawn up between west Europe 

or Japanese manufacturers (licensors) and American 

manufacturers (licensees). At the same time, several west 

and et least one east European manufacturers have purchased 

licensing rights from Japanese manufacturers. There are some 

examples of licensing agreements signed in he direction 

opposite to that described above. 

(b) Only the more important robot manufacturers, affiliated 

to large international enterprises, have 

international sales subsidiaries. 

established 

(c) Amongst this group of robot manufacturers, only a few 

have established foreign robot manufacturing subsidiaries. 

In this context the major companies are the following: 7 

ASEA 

Unimetion (Westinghouse) 

Fujitsu Fanuc 

Cincinnati Milacron 

USA, France, Spain and Japan 

UK 

USA (joint venture with 

General Motors) 

UK 

' 
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{d) Besides undertaking some direct export sales, •ost of 

the •ediu•- and s•aller-sized robot •anufacturers export 

either through joint ventures or sales/•anufacturing 

licensing agree•ents with foreign fir•s. The cost of 

establi£hing s~les and service subsidiaries on international 

markets are seldo• ju~tified for this group of 

manufacturers, taking into account both the strong 

competition and the low sales volume. When discussing trade 

in the robot industry, it is necessary to consider not only 

the volume of direct sales but also the transfer of royalty 

payments derived from licensing agree•ents. There is a very 

dense network ~f joint ventures and licensing agreements 

amongst the world's robot manufacturers. See Figure IX. 
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Figure IX 

International industrial cooperation o• robots 

(As of April 1985) 

SourcP. Journal of JapanPsP TradP & Industry, 198~ no. 4, p 37 

• 
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POLICY ISSUES 

The characteristics of the market and an ability to uo!erstand that 

situation is critical for formulating and 

policies and company technology strategies. 

implement in~ technology 

We will finally refer to the conclusions of an analysis of 

the demand structure and the technological change.8The author, 

Mr Franco Malerba, states that the effects of the structure 

of demand on the rate and direction of technological change 

have characterized not only the se•iconductor industry but 

also several other industries. These effects have been 

particularly relevant in the specialized equipment supplier 

industries, such as machine tools and CAD. Malerba takes as 

an example the case of the electronics-based NC machine tool 

industry, where Japanese firms focused their innovative 

efforts on this technology for the do~estic automobile 

industry, while American firms focused their innovative 

~fforts for the domestic aerospace industry. The consequence 

was that the Japanese industry innovated in small, low-cost 

NC machine tools while the American industry innovated in 

larger and more expensive NC machine tools. In the ~ese of 

CAD industry, the military aerospace demand in the USA 

affected the rate and direction of technological change dnd 

the international competitiveness of domestic firms 

differently than civilian demand in Europe. 

There are significant effects of the changes and diversities 

in demand structures on the rate and direction of 

technological change which point to the importance of the 

linkages and interdependencies among sectors in the study of 

technological change. Malerb~ says that if an industry is a 

specialized supplier or a science-based industry, changes 
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and differences in the structure of deaand will reflect the 

evolution of various user industries over tiae and across 

countries. It is iaportant to note that such an evolution 

may affect the rate and direction of technological change in 

the specialized supplier or science-based industry through a 

wide range of channels. 

Malerba stresses that it is essential to understand the 

effects of the structure of demand on technology change 

since it is of a different type than the demand-pull effect. 

While the demand-pull and technology-push terms refer to 

factors that affect the rates of technological change across 

sectors and over time, the structure of demand refers to a 

factor that affects the rate and direction of technological 

change ~i!hi~ a single sector, given certain sectoral 

technological opportunity conditions. 

Malerba concludes t~at when attempting to influence the rate 

and the direction of technological change in a specialized 

supplier or science-based industry, public policy should not 

only act on the supply side but should also pay attention to 

the demand side and eventually use public procurement or 

intervene in user industries. Policies on the supply side 

which try to replicate successful policies adopted in the 

past or chosen by other countries, aay prove unsuccessful if 

the structure of demand is different. 

However, it is important to understand the linkages between 

demand structure and industrial structure to be created. In 

this respect some of the NICs show a very different picture 

from that of India and we will conclude by referring to a 

presentation made by C Edquist and S Jacobsson. 9 
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In reply to the question raised as to why certain countries have made 

phenomenal progress in the field of electronics it was suggested that 

the fundamental difference between objectives and the industrial framework, 

governing the development of industry in general, must be recognized. 

It was stressed that the objectives, philosophies and t;e industrial 

framework "are largely determined by the size, security, environment, 

couanunication needs, economic structure and factor endowments, 

technological strategy and educational resources of each country".9 

It was implied that -art of the differences in 

performance can be explained by the fact that the objectives 

are different in India compared withthe other countries. The 

DoE report states: 9 "Ne have adopted a strategy for 

development of the electronics industry which sP.eks: 

- to maximise the enormous resource which our huge domestic 
market constitutes; 

- to ensure indigenous production of as much as possible of 

electronic equipment for our strategic defence, 
communication, 

- to achieve 
space and ato~ic energy needs; 

technological self-reliance (not in terms of 
shutting out foreign technology, but in inducting it where 

necessary and then adapting and developing it appropriately 

while meeting the technological needs of our strategic 

electronic products maximally indigenously) to use the 

technological and industrial capacity built to meet domestic 

needs, as the spring-board for our exports".ll 

In sum, we would like to stress that no country can succeed 

in developing a capability in technology intensive products 

if it over 1 ooks the role of the market Some deve 1 op i ntt 

countries ha~e such huge market that they provide a 

potential resource for domestic developing or inviting 

foreign companies to bring their technology into partnership 

' 
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entrepreneurs. Other export-oriented 

opt for alternative approaches basing 

the•selves on external aarkets. 

Now, we will indicate a aore fundamental concern about 

developing an indigenous technological capability in high 

technology sectors. For many developing countries, and in 

aany sectors, it •ay be aore essential to develop a 

capability to use advanced technology, rather than to 

establish a cRpability to aanufacture products which embody 

or are based on the aost advanced technology. The ~arlier 

description& of trends in the manufacture of NC machine tools 

clearly show the very considerable barriers 

which exist for entering into this technological field. 

At the sa•e tiae, it has becoae evident that developing 

countries cannot re•ain outside this technological 

revolution. This is clearly illustrated in machine tool 

aanufacturing which provides an interesting example of the 

iapact of new technologies on the economies of scale. UNIDO 

notes in a report froa 1984 that prior to the introduction 

of NC, aany machine tools were relatively standard items.10 

Markets could be thus won by price and cost reductions 

resulting from large-scale production. As the new 

technologies developed, however, the value-added per item 

became significantly greater so that smaller-scale 

production could be profitable. On the other hand, R&D costs 

have risen rapidly, yielding scale economies to those 

businesses which could spread their overheads over large 
production runs. 

The UNIDO study also argues that in a number of sectors or 

subsectors, the optimal scale of production has been 

j 
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expected to be shifted down~ards. This would open up wider 

possibilities for industrial production in developinc 

countries, ai•inc in the first place at the do~e•tic •arket. 

the reasons for thia are •anifold. Nev technologies, such as 

CAD or robotics affect a larce range of industrial sectors. 

Branch specific technological breakthroughs have taken place 

in sectors such as iron and steel, fertilizers and seg•ents 

of pulp- and food-processinf industries. It is expected that 

similar breakthroughs can take place in the petroche•ical 

and textile industries. Jn sectors such as agricultural 

machinery, building materials and bicycle aanufacturing, 

small scale solutions than can be proaoted and applied are 

available es alternative to traditional technologies. 

The changing econoaies of scale for various industrial 

sectors are not yet well understood. However, 

t~chnological developaent, particularly in 

electronics, microprocessors and coaputer-based support, has 

drastically pushed the level of opti•al scale downwards in 

soae sectors. Other technological trends, e.g. in the areas 

of iron and steel and fertilizer production, have introduced 

a new diaension to the scale proble•• in those sectors. 

Siailar breakthroughs aay be expected in other sectors. The 

obvious problea for developin& countries is to participate 

in and get access to this technol~gical developaent. Thia 

can only be gained by getting access to the advanced 

technology fro• the outside. The linked size of aarket and 

the lack of a dynaaic change in aoat •arkets as well aa the 

technological and financial barriers, clearly indicate that 

a gradual approRcb will be necessary for •ost countries. 
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CONCLUDING REMARKS 

In this report we have tried to indicate technological 

trends in the •anufacture of integrated circuits and in the 

oenufecture of NC •achine tools. where new technologies are 

conditioned by the preceding developaent in IC technology. 

However. it should be borne in •ind that advanced NC machine 

tools exeaplify only one, although iaportant, application of 

IC technology. Equally i•portant is the software 

developaent, the developaent of analytical tools, concepts 

and progra•s. These enable the efficient use of NC machine 

tools in such an integrated way that the manufacturing 
process is completely changed. 

Twenty years ago, it would have been possible to set up a 

small plant with several aachines dedicated to making a few 

products, and manufacture these products year after year 

making only minor changes. This approach to manufacturing is 

no longer as simple. Pressing issues such as global 

competition, demand for large product selection, requirement 

for greatly iaproved quality, shortened product life cycles, 

r.anufacturing cost, and profit squeeze are the main factors 

influencing the rapid growth of flexible and computer 
integrated aanufacturing. 

The use of computers in manufacturing enterprises was in the 

past concentrated in the adainistrative departments. This, 

among other things, facilitated cost control and sales 

efforts. The earlier discussion has clearly shown that the 

development of electronics and its inclusion in the various 

stages of the manufacturing process itself, has reached such 

a level that it may in fact be po~sible to merge the 

information-processing functions with those of production 

control-functions. This new situation is simplistically 
illustrated in Figure X. 
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Figure X 

Interactions between infor•ation-processing and 

production-control functions 
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Source: C.A. Hodson "Co•puters in Manufacturing"; ~£i~n£~, 
vol 215, February 1982. 
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The rise in the interest in robotics, as well as all 

segments of factory auto•ation, has focused attention on the 

overall problem of controlling and integrating the various 

elements of a fully automatic factory. A robot, for example, 

is only one element in the arsenal of euto•ation tools to be 

integrated into any properly designed and coordinated 

manufacturing automation syste•. 

Auto•ating a process involves supplying controlled motion as 

well as the ability to monitor the process and activate or 

deactivate various elements of the process as it progresses. 

Robots are capable of these functions but they are often 

also overkill if ell that is required is simple movements 

and turning some switches on and off. 

Drawing on the experience within robotics, end e more 

refined understanding of automation objectives, en ideal 

automation control system should be mod~lar, expandable, 

simple, and quick to implement end modify. The modular 

control system could be kept smell and si•ple, or expanded 

and replicated for larger, more involved projects. Primary 

consideration in the system design are to be simplicity, 

cost, and •odularity. 

In the editorial of the December 1985 issue of ~Qgi~Q! 

ggg!~~~r!~g it was argued that the important technological 

changes are to be found in the control industry. The opening 

up of distributed control systems will allow inclusion of 

products of any manufacturer leading to great improvements 

in the solution of specific control probleas. 

However, the necessary recognition that control is control, 

whether control for the process industries or control for 

discrete parts manufacturing, will prove to be a fundamental 

change in control industry marketing attitudes that began in 

1985, it is argued. 

I 
I 
I 

. I 
I 
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A new era for control systea design and marketing was 

clearly established by the greet interest that arose during 

1985 in General Motors' manufacturing automation protocol 

specifications (MAP). More then 100 companies, including 
both manufacturers and users of control systems, 

participated in the latest MAP users group meeting. 

In the new era based on MAP, distributed control systems 

will routinely include a wide mix of control products made 

by many manufacturers, all sharing data with each other via 

MAP-conforming local area networks. The controls marketplace 

will be all new end strange for years to come, even to the 

old-line suppliers, as e direct result of the sudden 

acceptance of the MAP data utitlity concept. 

The stage is now set for computer integrated manufacturing 

(CIM) which could cover the whole range of activities, from 

design through to implementation and delivery of the 

product, finishing only when the final payment is made by 

the customer. However, the rapid technological changes and 

the increased wear and tear on plant caused by increased 

utilisation demands a rapid return on costs. What is then 

CIM? We will try to explain this by using information from 

an article which published in the ~~~rif!B M~£bi~!!!· 11 

Computer integrated manufacturing combines human end 

computerizes functions. The report "Computer Integration of 

Engineering Design and Production" defines CIM as a 

manufacturing enterprise in which the following criteria ere 

met: 

* All processing functions and related managerial functions 

are expressed in the form of data. 

* This data can be generated, transformed, used, moved, end 

stored by computer technology. 

* This date moves freely between functions throughout the 

' ,. 

' 

I 



- 64 -

life of the product. The objective is that the enterprise as 

a whole have the information it needs to operate at maxi•u• 
effectiveness. 

Information in a CIM system is extracted fro• fully 
automated segments of a process for use in controlling, 

planning, or modifying inputs into the process. Thus, a 

system that hes both an objective end a means of detecting 

deviations from that objective can take corrective action to 
decrease the deviation. 

It is argued that adoption of CIM technology is essential to 

the maintenance of recovery of competitiveness by US 

manufacturers in domestic end world •erkets. This argument 

would in all likelihood be equally relev,nt for companies in 

other industrialized countries. The companies that are about 

to invest in product-design or manufacturing-process 

technology must be aware of the potential benefits of CIM. 

Competition in manufacturing can only become more intensive 

and companies that do not IH •e into CIM may face a dim 
future. 

At the heart of CIM technology is the coordination of the 

data used throughout the manufacturing process - from the 

perception of the need for a product, through its 

conception, design and development, production and 

marketing, to support of the product in use. 

A US national committee, referred to in the article, states 

that a majority of US manufacturers will not be able to 

remain commpetitive in product quality timeliness of 

delivery, and cost unless they use CIM. Therefore, 

cooperative efforts among companies are needed in the US to 

develop a broader base of US industry to achieve CIM. The 

Dept of Commerce's R&D Limited Partnership program may offer 

a useful mechanism for forming consortia. 
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Finally, trying to summarize the developments in the 

manufacturing industry by quality, we will quote Professor 
p 

Astro•, one of the leading Pxperts on process control. -

The development of microelectronics will continue, leading 

to the production of very powerful components for computing, 

communication, and graphics. 

Software will continue to be a bottleneck, although large 

programs are initiated to improve software production. 

Future process control systems will be distributed with man­

machine interaction based on high- resolution color graphics. 

The substantial improvements in computing and storage 

capability will be used to simplify engienering and man­

machine interaction. There may be increased use of symbolic 

processing and artificial intelligence techniques, like 

expert systems. 

The process knowledge will continue to increase. The process 

control systems themselves are excellent tools for process 

studies. This will be enhanced by incorporating computer­

aided engineering tools for data analysis modeling and 

identification. There might be so•e examples of new 

processes, which are developed by combining traditional 

process design with control design. 

Much can be accomplished with available sensors. New 

possibilities for automation may be generated by invention 

of new sen~ors. 

The increase in computing power will lead to increased use 

of adaptive control and optimization. Systems that 

incorporate ideas from artificial intelligence may appear 

both for diagnosis and intelligent control. 
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The scope of the systems will expand from instrumentation. 

through process control. production planning, office 

automation. and aanagement information. The problem of 

communication standards will hopefully be solved. 

There will be changes in organization end job 

use of the new technology will 

structures. 

Efficient 

organizations. Process control will be less 

society at large. 

require 

affected 

new 

than 
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PROCIDURIS FOR RITRllVAL or lllLIOGRAPBIC MATIRIAL 

Two international online databases have been pri•arily 

identified as •ost relevant for this study: INSPBC and 

COMPENDEX. 

INSPEC (Information Services for the Physics and Engineering 
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published in the areas of co•puting, control, electrical 

enginee~ing, electronics, physics and infor•ation 

technology. The current annual growth of the file is of more 

than 200.000 records. 
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in the fields of engineering and technology as well as 

biotechnology. Thia database was started in 1969 and 

contains presently nearly 1.5 •illion records. The file 

increases about 90.000 references a year. 

Both databases •entioned above are accessible via ESA-QUIST 

systea. The 1$A Jnfor•ation Restrieval Service is a database 

host organization foraing part of the luropean Space Agency. 

There are 11 •e•ber countries participating in this 

progra••e and headquarters are located in frescati, Italy. 

The network contains over 105 files including both 

bibliographic, fact and patent databases. 

With the equipment available to us we have been able to get 

access to ESA either through DATAPAI (directly via the 

Swedish telecoamunications systea) or through SUNIT lines. 

' 



- 75 -

This latter alternative can be used with direct co•puter 

connection to the university's co•puter center, but since 

the location of the Research Policy Institute lies outside 

the network area, we had to use a aode• for co••unication. 

A tentative online search was set up in Nove•ber 1985 in 

order to get acquainted with the ESA network and the QUEST 

language syste•. The descriptions used for ite•s 

identification were the following: "se•iconductor", 

"integrated circuits", "gate arrays", "se•icustoa", 

"technological trend" and "economics". Several abbreviations 

were aslo used: "IC", "ASIC", "VLSI". In order to get an 

overview of related terms, a text analysis was done with 

respect to words' frequency. 

The resulting references were printed out on line i~ a 

format including all bibliographic information as well as 

abstracts. 

In January 1986, a so•ewhat aodified search with aore 

precise descriptions was carried out in both INSPIC and 

COMPENDEX. Again, ESA-QUEST was used as database host systea. 

Keywords were identified by Jon Sigurdson, and Yael Taagerud 

elaborated these with help of the INSPBC thesaurus. This 

volume is of great help when constructing a search profile 

since it has very good cross references to 

related/broader/narrower terms. Since the pri•ary result of 

the search, based only on keywords, was too large, we 

liaited it to the years 1984-85. This was done on the 

assumption that the technologies of interest undergo 

continuous developaent, and therefore recent articles are 

most relevant when analysing technological forecasting and 

economic trends. This was also the reason why we aainly 

concentrated on journal articles and conference papers 

rather than books. 
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The results of these searches were printed out in a for•at 

includin& bibliographic data. The searches were then saved 

in the network ao that we would be able to return lo the• 

later on. After a review of the titles, we selected a number 

of references, and printed the• in a format including an 

abstract. (This was •ade possible by re-entering the saved 

searches). 

Several articles were selected for full retrieval and we 

obtained •ost of the• fro• the University Library in Lund. 

Since the journal collection covers many of the issues of 

interest to us, we found •ore •aterial of relevance while 

looking for these articles. 

Another useful source of infor•ation was a standing search 

profile which we had at the Royal Institute of Technology in 

Stockhol•. The Information and Docu•entation Center (JDC) of 

this Institute has established an Information Retrieval 

service for subscribers who wish to obtain continuous 

coverage of entries in ESA files. The profile is processed 

every two weeks, when IDC receives the records fro• ESA. 

This service, called EPOS/VIRA is unique in Scandinavia. 

The jo~rnala which were not available in Lund were located 

with help of the LIBRIS co•puter syste•, which is a Swedish 

database for literature jncluded in all University libraries 
~ 

and •any research/industry libraries. Thus, we could, for 

exa•ple, obtain very i•portant •aterial fro• the libra~y of 

the Swedish Defence Research Agency in Linkoping. 

The articles herewith obtained together with •aterial 

acquired earlier on by the authora, constituted the fra•e 

for this paper. When looking into issuea related to new 

advanced technologies, t~ere are always plenty of technical 

de•criptions of the latest develop•ents. These aspect• could 

' 
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not be overlooked 

consideration short 

and therefore we even took into 

articles/notices in the various 

electronics journals. 

Those journals included also articles of an overview nature 

which the authors of this report could then coapile with the 

in order to create the ground for a policy-oriented study. 

~!~f!r2n!~! ~~~h (or ~!~£!rQn!f! as it has changed title 

several times during the past years), has a good coverage of . 
general issues related to the semiconductor industry. It 

presents an annual economic perspective in a series of 

special reports which showed to be very useful. 

Another important source was the journal §21!~ ~!~!~ 

!~£hn2J9g~. Here we found several articles covering many 

aspects of the technological trends. !~g frQ£~~~!ng! is also 

of great value in this respect. Articles analysing different 

economic aspects of the latest developments are also 

published in §~~!f2n~Yf!Qr !~!~rn~!i2n~!- Many references 

were also made to Yt§! ~~~!g~ which is also en erinent 

journal on certain issues of this report. 

For the 

handbooks 

material 

definitions of teras we also turned to ~arious 

and books. The authors have co•piled the present 

with the hope to further analyze relevant issues. 

To this end country cases of the se•iconductor industry 

were partly covered by thus analysing the constraints and 

consequences especially for developing countries. For this 

purpose we carried out a search in TBXTLINI database which 

includes material of less technical character and aore 

economic& oriented n2lure which resulted in interesting 

references to •aterial about the state-of-the-art in 

aicroelectronica in varioua countriea (e.g. Malaysia, 

Singapore and South Ko~ea). 

I I I I 

' 
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Very valuable material, •ainly about the Indian and Korean 

cases was obtained also fro• colleagues who are carrying 

out research on relsted issues at the Research Policy 

Institute in Lund. Thia aaterial included, a•ong other 

things, i•portant inforaation of statistical character. 

Since these researchers are well acquainted with the 

developaent of the •icroelectronics industry in developing 

countries, we also hope to draw benefits from their co•ments 

on this report for future revision. 

In the beginning of the 1980s, UNIDO initiated a systematic 

effort to review and analyse the •icroelectronics sector and 

its i•plications for developing countries. Various reports 

were produced within different program•es such as the ~t~t~ 

gf .!h~ !r! !~r!~! gn ~ifrg~!~f!rgn!£!· This series presents 

a description and analysis of the •icroelectronics sector in 

various countries. 

Also the UNIDO/ECLA Expert Group has produced several 

reports dealing with the aicroelectronics industry and its 

i•plications for developing countries. 

Reviewing some of these reports •entioned above we found 

that they are interesting each in its own way, but 

unfortunately, there see•• to be no proper integration of 

the conclusions of all studies done by UNIDO experts up to 

date. Therefore, we regard all earlier UNIDO efforts as 

important for our study, since they set the point of 

departure for fruitful discussion and future development. 

A successful effort by UNIDO to disseminate information and 

sti•ulate discussion about •icroelectronics is the 

MICROELECTRONICS MONITOR. This newsletter has a pleasant way 

of presenting different issues related to the 

microelectronics industry. The Microelectronics Monitor is 

published regularly presenting the trends in technological 
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innovations, but it also has special issue• 

concent~ate on •pecific related subject• . 

which 

•••••• 

When approacbin• the aubject of NC aachine toola, we afain 

had auch assistance fro• varioua people. Mr Staffen 

Jacobsson'• well docu•ented knowledge of this field was a 

areal resource. We alao consulted people workinl at the 

Dept. of Production and Material• Engineerinl at the 

University of Lund. 

The journals studied for this section were partly identified 

after a database search in COMPINDEX and INSPIC. The 

keywords used were as follows: "industrial robots", 

"nuaerical control", "NC", "CNC", "aachine tool", "control 

ayate• CAD", "controller", "proceaa coaputer control", 

"CAM", "aanufacturin1 coaputer control", "•oftware". 

Major journal• for thi• technolo1ical field were I!~Y!!ri!! 

Bgh2!. ~2D!r2l l!l!D!!!iDI• A!!!!~I! ~!~b!!i!!· Groover ' 
Zia•er•' book on CAD/CAM baa been a valuable reference 

voluae. 

1111 ha• proved to be a very useful •ource for 
both re1ardin1 technical descriptions 

diacuaaion. 

inforaation, 

and 1eneral 

Thou1h not •'way• aentioned aa notes, sources of inforaation 

re1ardin1 NC aachine tools technolo11 are liated in the 

biblio1raphy. 

I 
,1 
J 
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