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PREFACE 

~he Association Europeenes des Industries HabiZZements 
(AEIH), in its disaussionfJ with the E.E.C. Cormrission, 
focussed on the probZem of manufacturing cost in the high­
wage countries and the rote that tecknoZogy couZd play in 
reducing the competitive advantage enjoyed by the Z~e 
countries. It is cZear that there are poZiticaZ and 
economic Zimits to the rote which protectionist measures 
can p Zay in ensuring the BUPl)ivaZ of the European appare Z 
manufacturing industry. On the other hand it is NaZissd 
that any breakthrough in techno Zogy which makes the 
industry more capitaZ-intensive and reduces'tabour content 
significantZy wuZd be to the benefit of the high*-'l~Jage' 
country, and that suc~breakthroughs are unZikeZy to 
come about unZess substantial, sums are made avaitabZe 
for research and dtweZopment. Such investments are 
unZikeZy to be made by the ~jpressed industry or its 
relativeZy ~ented suppZier indUstry, but it was feZt 
by AEIH that supporting such research and deve Zopment 
oo.uZd indeed be a ZegitinrJ.te method for Government to 
he Z.p the European industry in a wy which did not depend 
on muZtilateraZ or biZatel'(lZ agreements and did not reZ.y 
on quid pro quos ~ other t~ing bZocs. 

On the in_vitation of [)p Angeto Zegna, Chairnr:rn of the 
International, Committee of AEIB~ Kurt Sal.r!rm Assooiates 
was asked to cormzent on this Zine of thinking. KSA was 
abZe to confim that in the United States sirrri.Zar invoZvement 
of Govemment support might be proposed by the industey, 
and KSA was ab Ze to identify, from its obJn e:x:perience, a 
number of araeas of deveZopment which, if pursued, oouZd 
hoZd out the promise of large reductions in the l'l'ltl11UaZ 
tJJOrk content of cZothing manufacturing pPOCesses, or which 
couZd contribute to other criteria fol' success in the 
marketptace. 

It 7iJa8 on the basis of these discussions that KSA was asked 
to. submit proposaZs for assisting the EEC to identify 
opportunities, so that the Commission wouZd have a basis 
for deciding in what ways it couZd consider this type of 
assistance to the European apparae Z manufacturing industey. 

It was recorrrnended that the ZogicaZ starating point shouZd 
be a "STATE OF THE ART STUDY", which wouZd enabZe aZZ 
inte~sted parties to acquire a common per~ective, and 
which wouZd identify the most promising areas lJJheN 
acce Z.erated deve Zopment might be successful, in contributing 
to the main objective of reducing dependence on manuaZ 
Zabour in the assembZy processes, Ol' of otherwise 
contl'ibuting to competitive strength. 

A 1 



-.· 

That is how the -study came to be undertaken and it attempts 
to up-date and bring together in one p Zaoe the ·l<nlMl.edge 
and eq>erience of techno "logy which is avai 'Labte within and 
to the· appar-et industries of the high-,uage oountries, as 
f~ as the assembLy processes are concerned. · 

It is hoped that .the study atso provides a fizrm basis on 
which to develop the neret "logical step, whioh is to get 
the parrties most interested and capable of devetoping 
new teohnotogy to discuss ways in which they woul.d be 
ab Ze to move fo"PUJO:l'd if the appropriate funding was 
avaitabte. It should also enable the EEC to. deteztmi.ne 
its olAm polioies tOtiXlrds supporting such teohnologi.oa'L 
deve "Lopment in the industry. In any event the authozts 
hope it; stimu.Zates thinking by at l those who ztead the 
report, regardless of the eventual decisions on funding 
teohnology developments. 

The report has been written with fo'U:P readerships in 
mind-

1. THE EEC COMMISSION, which corrmissionsd 
the study as a basis for formu'Lating 
the oZear objectives for develo.pment 
of techno "logy which are necessary if 
it is to rrr:r.ke policy decisions as to 
whether and in what ·directions it 
wuZ.d .suppoPt such development. It 
is hoped that the repoPt CWifies 
what these objectives should be and 
bJi l l therefoPe fonn a basis for 
moving fo'l'tJJard. 

2. THE TECHNOLOGY ORGANISATIONS, 
including apparel, equipment 
rrr:znufacturer-s and techno logy 
or-ganisations at present not 
se'PVing the needs of the apparte 7, 
manufactureP. These finns need 
to undePstand where the reaZ 
leverage is in getting appropriate 
retums on cap1:taz. investment in 
this industPY, and to examine the 
dir-eotions of their rese~ch and 
deveZ.opment effort. It is hoped 

I that this repoPt gives them a new 
point of reference for Pe-.e:rxzlfrlning 
the~r policies, and foP paPticipating 
in any subsequent discussion ~th 
ths EEC and with their potential. 
customers. 
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3. THE APPAREL MANUFACTURING INDUSTRY., 
which needs. to be awa:rae of the latest 
deve topments in techno togy and to rro.ke 
its Pequirements known to those from 
whom they buy techno togy. Management 
in this industry needs at least to 
infLuence techno logical, directions., 
and in so~e cases the Larger companies 
can and tkJ paPticipate in majoP 
deve topments. Management needs to 
review its attitudes to return on 
investment., and to infl,uenoe 
Government on depreciation rutes for 
new technoLogy. 

The Trades Union need to determine 
their own poticies towardS increased 
capita 7, intensity., and most dtJ 
recognise that to survive at att 
the industry may have to become 
smatter in emptoyment terms., but 
in the process become a higher­
adQ,ed-vatue higher-paid industry. 

Management and unions together need 
to infl,uence Govemment whePe there 
is a proper and tegitimate rote for 
Government to p 'Lay., at both the 
EUPOpean and national, Zevet. It is 
hoped the r-eport lJitt hetp to enBUPe 
that such influence is towa.rds 
assistance fora the l'ight things 
which can have significant and 
positive impact on the fortunes of 
the industry. 

4. NATIONAL GOVERNMENT AND APPAREL INDUSTRY 
ORGANISATIONS. Many national governments 
have introduced policies to benefit the 
appare t industry and have set Up 
or-ganisations to hetp them relate to 
the industry's prob tems ~ The officiate 
concemed need to understand where the 
Peat teverage is in terms of ind:ustey 
pePfonnance., and to under-stand the zao Ze 
technology can ptay as wetl as its 
limitations. It is hoped this r-epor-t 
will assist those concerned in this 
task .• 
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Fo~ KSA, it has been a pPivilege to c~· out this studY. 
It has involved work in 3 continents and has ~nvolvsd 12 
members of KSA 's consuZting staff, working out of its 
offices in Windsor, England, New York and Atl.anta, U.S.A. 

. and /Ja1tmstadt, Gerrmany. 

KSA wouZd like to e3:press its appreciation to AEIH, 
particularly to its President MP Gaston Siau, 
and to Dia A'!fJeZo Zegna, and to the officiaZs of the 
EEC in Br-ussels who have helped frame the st~ ' 
requirements and have guided the work.. Thanks aPe 
of course particularZy due, to the 60 or eo o~isations, 
Zisted in the Appendi:x:, who ha:oe given their inputs and 
have shared their thinking with KSA, and to the rmny 
individuaZs in those organisations who qave so geneztOus'Ly 
of their time. . . . 

The study was managed and the report prepared by 

Stephen Webb 

Stuart D HoZlander 

fo.r KU/lf SALMON ASSOCIATES 
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B. SCOPE METHODOLOGY AND GUIDE TO THE REPORT 



8. SCOPE, METHODOLOGY AND GUIDE TO THE REPORT 

The objective of this study, as agreed between KSA and the 
EEC Commission has been "to provide a point of departure 
from which it wiZZ be possibZe to identify [ruitfu"L avenues 
for resea:Pch and deve Zopment which might be acce 'Lerated by 
injection of EEC funds". The study has been "l'estM.cted 
to assembZy and finishing operations in the manufactuPe 
of appare"L. It excZudes autting and finished goods 
handZing". It. was also agreed that the study shoul~ 
"encompass technology being used or ·deveZoped in the 
United States., Europe and Japan". 

To achieve these objectives it was necessary to visit three 
types of organisation : 

. 1 . 
1. The major manliJ.faciturers of assembly 

(stitching) and finishing equipment 
supplying the apparel or shoe 
industries. 

2. Some higher technology companies 
and research insti~utes from which 
the equipment manufacturers are 
drawing their technology. 

3. A few major international apparel 
manufacturers who were known to 
have major technology developments 
of their own. 

The objectives of these visits were not only to establish the 
current lines of technological development, but also to assess 
their potential impact on the labour content of apparel 
products. Th~ ·study was to be "primari"Ly concerned on"Ly ~th 
deve"Lopments that can have a substantiat impact on r-educing 
tabou.r content across a bl'Oad range of products". It was not 
to be concerned with developments that are highly product­
specific, unless principles are being applied which have 
more general application. 

In pursuing the technological developments and research being · 
used by the equipment developers the study was to be "conoemed ' 
unth identifying Zines of deveZopment which azte "Like"Ly to tea.d 

/ to· radical, approaches" but it was agreed to 11e3JCZude 
fundamental, r-esearch from the study". 

The methodology adopted and the structure of this report have 
therefore been designed to deal with five key questions, as 
follows 

8 1 
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1 WITH WHAT PERSPECTIVE AND BY WHAT 
CRITERIA MUST TECHNOLOGY'S 
CONTRIBUTION BE JUDGED in the Zight 
of the issues facing the aprxnae Z _ 
rranufacturing industey in the high­
cost countnes. 

2 WHAT IS THE CURRENT STATE OF THE 
ART lUith regar-d to the techno"Logy 
appZicabZe to the assembZy ofapparet 
products ? 

3 WHAT IS THE POTENTIAL IMPACT OF 
TECHNOLOGY on the appar-el, 
rranufacturing industey ? 

4 IN WHICH AREAS OF TECHNOLOGY IS 
THERE PROMISE OF SIGNIFICANT 
"BREAKTHROUGH" in ter'l'fls of 
achieving a substantial, 
competitive advantage foP high­
wge cost appare 7, producePs, OP 
of contributing signifioantZy 
to meeting the success cntena 
of the individua Z rrr:rnufacturing 
entePpnse ? 

5 IN WHAT WAYS COULD THE DEVELOPMENT 
OF- "BREAK!rHROUGH TECHNOLOGY" BE 
ACCELERATED, and fJJith bJha.t pnoPities 
and through bJhat mechanisms might 
Govemment he Zp, at the EUX'Opean 
ZeveZ ? 

Each of the fi.ve sections of the report have been written 
to try to answer each one of these questions in turn. 

It is in~vitable that a report of this nature contains 
considerable techni~al detail which will be of most 
interest to the apparel manufacturer and supplier of 
technology.. The Commission, and officials of national 
government or its institutions, will be more concerned 
with the main issues to which technology might contribute 
(Section 1) and the recommendation for action (Section 5). 
It is considered that an understanding of the significance 
of technology and its potential impact (Section 3) is 
essential to the justification of any attempt to accelerate 
the pace of change. 
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Section 2 describes the current State of tbe Art in detail 
and Section 4 distills from this the recommended directions 
for development, bearing in mind the potential impact and 
the criteria which must be met. These two sections demand 
that the reader has some ~sic understanding of the 
apparel as~embly process and an interest in the technical 
nature of the problems which will need to be solved. · 

For those who wish to first acquaint themselves with the 
conclusions of the report there follows a brief summary of 
these. 

For those who wish to read the whole report, .it is recommended 
tbat they take the sections in order so that the loqic of the 
five key questions ~s followed. 

For those who wish to absorb the reasoninq behind the 
recommendations, but do not wish to wrestle with the · 
technicalities of apparel manufacturing, study of Sections l, 
3 and 5 should suffice • 
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C. SU~Y OF CONCLUSIONS AND RECOMMENDATIONS 

The basic conclusion of this study is that: 

If the technoZogy which is now avaitabZe is 
deveZoped into-the corTect p:racticaZ appZications 
and then harrnesserJ, to the impor-tant Zevemge 
points in apparaeZ rrr:m:ufactu!ting~ it can rrr:zke 
a significant impact on the perfornr:mce and 
competitiveness of the individuaZ Tlf'J.nufacturer 
and thereby cr-eate competitive advantages for 
the apparaeZ manufacturing ·industry in the 
.high-cost countries. 

The sise of the advantage enjoyed by the tow· 
cost coun·tr-ies is such that technology atone 
can in no way be regar-ded as a panacea~ but 
it can and must be used to erode the_ significal'lb9 
of that advantage if the industry is to 8Ul'Vive. 

As a result of evaluatinq the current.state of the att 
of apparel manufacturing technology, t~s report first 
concludes that there aie in existence technologies at 
various stages of development, both inside and outside the 
traditional suppliers o£ technology to the apparel 
industry, which can dramatically reduce the labour content 
of apparel products and contribute significantly to other 
key success criteria including: · 

cost reduction 

quality improvement 

customer service 

product innovation 

risk reduction 

job enhancement. 

It is demonstrated that given certain assumptions reqardinq 
the impact of future technology on the profit mechanics. of the 
tY,pical apparel manufacturer, inves~ent in technology will 
be able to improve corporate performance and/or will·enable 
products to be manufactured at more competitive prices. 

One of the reasons why technology has not in the past made 
the contribution which can now be foreseen is that equipment 
on the market has, on the whole, tackled only a small part 
of the key competitive elements and the amortisation periods 
are therefore often unacceptably l~ng. ' 

c 1 



The study also concludes that there are significant 
barriers to progress because of the traditional attitudes 
and current lack of confidence which influence many 
apparel manufacturers• investment decisions. There is also 
a major barrier in that to develop the technology which is 
nee4ed will take considerable resource, beyond the capabilities 
and fiscal constraints of the manufacturer and most of the 
traditional supplier industry. It is considered that Government 
at the European level can play a vital role in overcoming these 
barriers. 

The present structure of the industry is also seen as a 
barrier to progress, but is believed that technology will 
in any case increase the'trend towards large more capital~ 
intensive companies, while at the same time contributing to 
the competitiveness of the smaller firm. 

The study identifies a number of key·task areas which must 
be tackled by the technology supplier if the proposed 
criteria for future development are to be met. These are: 

full cycle automation 

full sequential automation 

alternative processes (such as mouldinq, 
full garment knitting, non-woven 
technology and plastic forming) 

improved management through computer 
technology. 

Within these areas a number of critical elements have been 
'identified which must be at the heart of the next generation 
of development projects. They include the early development 
of: 

versatile ply pick up and place 
devices 

alignment devices 

acceptable ri~idification processes 
that are reversible and can be applied 
selectively 

an automatic sewing machine head which 
is demountable and incorporates self­
threading and omni-directional 
capability. 
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The report concludes with a framework for discussi9n of 
recommended actions whereby the EEC Commission can:: :;. 
consider its legitimate role. The recommendations 1 can 
be summarised as follows: 

1. Publication of the study 

2. Organisation of a steering group and 
working party 

3. Articulation of the EEC's strategy 
for the E~ropean apparel industry 
for the period 1980/90, including 
the role and targets of achievement 
for technology 

4. Organisation of symposia to enable 
interested parties to develop 
consensus on viable directions 
and projects. 

5. Determination of a budget for 
assistance in the development of 
apparel manufacturing technology 

6. Request for and evaluation of 
proposals for research and development, 
applications of existing but as yet 
uneconomic technology, and educational, 
promotional and legislative actions. 

7. Development by the working party 
of criteria for project viability 
and a methodology for evaluation, 
management, co-ordination and 
budgetary control of individual 
projects. 

8. Formulation of policies and mechanisms 
for assisting the industry, including:· 

funded research contracts 
f.unded application contracts 
demonstration of prototypes 
patent acquisition and licensing 
comm~~ication activities 
legislative initiatives 
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The study concludes that the rate at which the 
apparel industries in the high cost countries 
are declining and the rate at which low cost 
imp~rts are increasing notwithstanding the 

-MFA, are such that there .is a danger that the 
size of the industry in individual countries 
could redwe to the point where viability is 
threatened. This could happen on present 
trends within a time-scale of the same order 
of magnitude as that required to develop 
practical technology with the impact needed. 
Without that impact it could reasonably be 
speculated that the threshold of viability 
could be reached during the last·decade of 
th~ century. Given the necessary resource, 
technology can help to reverse the trend within 
~ lO year period. 
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S E C T I 0 N 1 

TECHNOLOGY IN PERSPECTIVE 

With What Perspective and by What Criteria MUst 

Technology's Contribution be Judged in the L·ight 

~f the Issues facing the Appare 7, Manufacturing 

Industry in the High-Cost Countries? 



1. TECHNOLOGY IN PERSPECTIVE 

In this section of the report~ the reader is given a 
perspective from which to judge the importance of ths ' 
apparel industry~ the key faotors which affect the 
strategy of individual rrrznufacturers and henoe the 
contribution which technology might make to the key 
success driteria as well as its limitations. , 

It will be seen that technology alone'cannot ove.roome 
the disadvantages of high-tJXJ.ge economies or ensure 

-survival of the industry~ but there is tteason to 
believe it has a majott contf'ibution to make. It is 
suggested that the nature and scale of the pttoblem 
is such that Government has a legitimate role in 
supporting the acceleration of technological 
deve topment. 
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The manufacture of apparel products is labour intensive 
and relies on the manipulative skill of sewing machine 
operators. ·As long as this remains the case, the high 
wage, high social security, high fringe benefit economies 
have a built in competitive disadvantage in the production 
of apparel. 

What is the size of this disadvantage? 

In the high wage economies there is a labour force in 
the manufacture of apparel and knitwear of approximately 
2.7 million people* (of which 1.1 million are in the 
current EEC countries). The weighted average annual 
cost of each member of this labour force is approximately 
$12,000. In the main apparel-producing less...(!eveloped 
countries (excluding COMECON and China), the average annual 
cost of each member of the labour force is approximately 
$2,000. Thus the cost of the high-wage apparel manufacturing 
labour force is higher than an equivalent size labour force 
in the LDC's by approximately $27,000,000,000 per annum, 
an amount equivalent to the total apparent consumption of 
apparel in the USA in 1976. 

The current and potential apparel labour force in the 
LOC' s is of course much larger than that in the developed 
world, and·the impact of China will increase the size of the 
disadvantage with its average annual labour cost of near 
$600. It would be ludicrous to suggest that an advantage 
of this size can simply be offset by the application of 
technology. It may, however, suggest that substan~ial 
efforts are worth making to erode the significance of that 
advantage. 

To determine what efforts are worth making it must be 
established to what extent technology can contribute to 
helping the individual firm deal with the key issues 
facing it. So first it is necessary to identify these 
issues. It is a necessary condition for all future 
technological development that, if it is to be viable, it 
must contribute to meeting those .criteria which are 
critical to the commercial success of apparel manufacturing 
enterprises. 

The apparel manufacturer who can only compete in western 
markets on the basis of price in price-sensitive sectors 
of the market is doomed in any.case. To succeed, the 
apparel manufacturers must have a marketing strategy ~sed 
on design; fabric selection, quality, image and appeal • 

* 

• 

USA, Canada, Japan, UK, France, Germany, Italy, Denmark, 
Holland, Austria, Finland, Norway, Sweden, Switzerland. 
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Because the manufacturer goes to the consumer via complex 
dis~ribution channels the manufacturer must also provide 
unique value packages to the distributor, in terms of · 
achievable margin -certainly, but perhaps IJX)re importantly 
to compete with imports, in service, reliability, flexibility, 
$hort lead-times, and trade-marketing support activities 
such as new collections, innovative merchandising., 
promotion at the· point· of sale, and efficient distribution. 

·Given these essential criteria for success, the most 
I productive manufacturers will also win on their ability 

to hold, and to help their retail customers to hold 
consumer-sensitive price points." So ~nimisinq cost 
and maximising productivity is ~portant in all segments 
of the market. The point is that, while price may not 
always be decisive, the high-cost country's apparel 
manufacturer is vulnerable to low-cost competition to the 
extent that the labour content is high .. Th~ same technology 
is available to both areas of the world, but the more the 
labour content can be reduced as a result .of technology, the 
less of a competitive advantage is enjoyed by the low-wage 
producer,. 

Furthermore, it is the thesis of this report that 
technology is not just a tOol for cost reduction. It 
is also a tool for quality improvement, for raising the 
level of customer service, for product innovation, for 
risk reduction and for job enhancement. In other words 
technology is a major weapon in the fight to be successful 
in the marketplace, and it has its role in the small as 
well as in the large manufacturer. 

It has often been mooted 'in political circles that the 
battle cannot be won on the basis that sale of Western 
high technology to the lesser developed world requires 
a sacrifice of labour-intensive capacity. The low-wage 
countries have skilled operators in large numbers and 
they have all looked to apparel manufacturing as a large­
s,cale provider of employment in the early stages of their 
development. Hong Kong, Korea, Taiwan, India and now 
China all have growing capabilities and motivation to 
develop apparel manufacturing for both domestic and 
export needs. There is no technology available which 
could be applied now which would dramatically alter 
the labour-intensiveness of this industry, thus giving 
the Western economies a productive advantage, although 
the productivity increases achieved in the last 10 to 
15 years have moved in this direction. 
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So while at first si9ht it may appear tba~ ~vestment in 
apparel manufacturing tecbn~logy is ignorinq:the political 
and international trading real.£t.L~s-;:- ·-the:);'e are in. fact a 
number of imperatives which require:·&!Vtt-lo~d_ economies 
to keep an apparel manufacturinqca.pabiiity. 

First,_ there is a strategic need to be able ··to- clothe 
the nation in the event of- -economi.~ or mil~ tary war~ 
Second, the erosion of apparel manufaCturing l~a~·to 
the erOSiOn Of UpStr_$am teXtile man\lfaCt\U'ing' aS ·well 1 •. 

employing an additi9hal 3~7 millio~-~~!~~ iJl-:::the. ___ :· __________ _ 
developed eco~mies •· Thi:(d, t,here>·:~s a. balance of-- - _ 
payment reqUirement in so~·oountr~es that lack of -
domestic apparel.manufacttirinq c~etitlvene.-·can 9~ly 

· make worse. Fourth, the retail ;in(lustry will ~in any_ . 
case suck in imports, if it canndt get :What th~ consumer 
wants £.rom the domes~ic market.· Finallly, th•te is a 
social imperative in that this industry provi~s jobs 
on a large scale - jobs that traditionally haVe appealed 
to women, who increasingly need to·work or wish to ' 
exercise their new-fbund freedom to dOi so. 

However, as l~gistics artd communic4tio~ become easier, 
·and lower-wage count~ies' :apparel industries become JOOre 
sophisticated and fashion capable, the high labour content 
of the apparel products as required by\' current 
technology,will become an increasing vu1nerabi3.ity 
and feed further erosion. from imports. The 3~,% to 4~ 
annual-productivity increases achieved in the 1~dustty 
as a.whole,.Wbile better than_~the .reoor4 of many othe~ 
industries, is 1:nsuffieient to :remain competitive and 
inadequtite in the Zight of U>7tjlt-' is possible even 7Uith 
existing teahnoZogy. Further, ~e- overall· averaqe .-
performance of the industry is ·very much · 1~- than the . 
best,~ and a rea..ati 'Vely small /shift of the average towards 

I . i ' 

the best woul_4 .have a major impa-ct+. ~ · · --
. I - .. 

Anothor factcfr ·whi,ch--mus~_!llso be ponsidored· !s 
that . on~ of the ·main causes ·of-·±nc~e-~s~d''import erosion. is. 
the decline in capacity. • The u.S\· ~hirt:.:.:.iljt-(1.\!!try can 
no longer s·upply the domestic mar~t, and the rever-sal __ __ 
of the decline is extremely cost+y~ A recent study· · 
has shown' that with today lfs technolQ_gy, to start· up a 
plant it is probably .neces:sary to, absor~:a .loss of 
'$8,000 per operator·,· on top of capit:al investment, even 
with the bes't training \techniqu~s. 

ill 

f 

1.3 

:, i 



Technology may have a significant role to.play in reversing 
.~he decline of capacity, not only with increased 

--- competitiveness but because the management of start-up 
would be co~ much easier than is the case with today' s 
highly labour-intensive operation._ 

However, the rate of decline of the apparel industry has 
been such that ih some countries (e.g. Sweden) it has 
already dropped below a viable size threshold, at which 
it beco~s difficult to attract management and/or the 
attention of the domestic retail buyer. It could be 
speculated that in some other countries that position 
could be reached before breakthrough technology can be 
developed if the pace of development is not accelerated 
by injection of the necessary funds. 

In other industries which have successfully competed 
with low wage-cost competition there has been heavy 
investment in technology to make it more capital­
intensive, justified by the sa~ing in high-cost · 
labour and_ in the ability to supply a different 
or superior product. To the extent and for the 
time that the under-developed countries have no~ been 
able to justify, acquire or maintain that technology, 
.it has given the high-cost economies the means of 
survival and growth in these industries. German steel• 
Italian ca:r;s, Japanese audio/'tV, American textiles· are 
all examples of this approach, where domestic high-wage 
industries ar• competing successfully with low-wage 
sources. 

The changes achieved in these industries in order to 
to survive have not come about within the same structure 
of the industry that existed prior to the technological 
development. If the apparel industry moves in the 
direction indi.cated in this study, the post-technology 
s.truct\U'e will be very different to the pre-technology 
stJ;U,ct ure • Some technology 'will require larger firms 
to come into being with added financial strength. Yet 
other technology will enable the small firm to offer 
more of the flexibili ties of the smaller firm at lower 
cost. The shift will however, be to bigness. The trend 
is to some extent discernable already. 

This report discusses the "State of The Art". It probes 
the supportive technology which is feeding in to 
apparel manufacturing technology, or which could feed 
in to it. It develops the concept of breakthrough 
teahnoZogy in those areas where significant impact 
on the key.criteria for success of an apparei manufacturer 
can be achieVed. -
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Inevitably there is considerable empha~is on the application 
of technology to mechanising or even automating the handling 
of limp fabric to and from the needle point, notwithstanding 
the impact of technology on other key areas. To the 
reader who is unfamiliar with ·the current technological 
processes, it is important to understand that 80% of the 
direct operative workforce spends 90% of its time picking-~, 
pos~tioning, manipulating and removing one or more pieces of 
fabric around a stitch-making device. That the sewing 
machine has become more sophisticated over the last 20 years 
there can be no doubt, but the impact has largely been on 
the stitching cycle and not on the 90% of labour content 
spent handling. But while the report addr~sses this 
problem in depth, it should also be appreciated that the 
actual labour content of apparel products is usually 
between 20% and 50% more than the machine and handling­
time. The difference comprises the losses under 
management's control, so the study addresses itself to 
how technology.can impact this cost-factor too. 

It must be appreciated that labour-cost per se represents 
only about one twelfth of the rttail selling price, so that. 
to be viable, technology must contribut~ far more than 
merely reducing that one-twelfth to something even 
significantly less. 

It will be ~een that the impact of technology on overhead 
costs, on the consistency of quality, on customer service, 
on risk reduction and on job enhancement are also 
considered and in some sectors of the industry may well be 
of more critical concern. 

Finally, the reader should also have in his mind the fact 
that the apparel manufacturer, like any other, wil~ invest 
in technology when the return i~ commercially attractive. 
Apparel manufacturing is a relatively high-risk business 
and investment decisions must reflect this by calling 
for relatively high returns. _ Much of the technology 
available fo the manufacturertoday_does not produce 
such returns even at the highest European wage levels. 
_In some of the more recent developments in the cutting 
·process (not considered in this report) the returns can . _ 
be highly att~active, but until the limp fabric handling 
problem is soived this will continue.to be a barrier to 
a high return-on-investment from assembly equipment. 

The cost of breaking through from many of the ideas and 
basic technologies available, to commerci-ally viable 
equipment is such that no apparel manufacturer, and 
few, if any, of the current machinery manufacturers 
serving the industry, will be able to jus;tify the investment 
and risk. It is perhaps significant in this context that 
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· breakthroughs in automatic cutting came from aero-space 
1d associated high-technology large-scale enterprises. 
te thesis behind this .study is that sharing that risk 

is a viable supportive role ·for government, which does 
not require the' short-term returns essential to a 
commercial enterprise. Such a role is seen to be 
compatable with the imperatives of maintaining the 
high-wage countries• apparel manufacturing capability, 
and possibly more compatable than increased protectionism 
in the light of the growing economic and political 
.realities of multi-lateral trading arrangements. 

It is hoped that the report will begin'to indicate how 
and why this role for Government, at the European and 
,national level, might be legitiJnate and valuable. 
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. THE CURRENT STATE OF THE ART 

What is the curTent state of the G.Pt with iaega'l'd 

to the technoZogy appZicabZe to the assembty of 

, appG.PeZ. produats ? 
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2. THE CURRENT STATE OF THE ART 

This section first provides the reader 'IJJith a brief histo:rry 
of the deveZ.Opments "Leading to today 's techno "Logy. It 
then describes the naturae of the appare Z asse,Pty pttOoess 
in o~der to ensure that the non-technical. reader deve Z.Ops 
an understanding of the kind of probZ.ems which need to be 
sotved. 

There foZt.ows a otassification of the teohnot.ogy in 
current use- or k.noum to be under diJvet.opment. 

The State of The Art chapter describes, for each rrajor 
~product category, the CU%'Nnt technotogy 'in use, and 
the finat chapter distiZZs from the foregoing· broad 
conctusiona on the current directions of teohnot.ogioat. 
deve topmen t. 

2.0 



-

-

2. 1 A HISTORY OF TECHNOLOGY DEVELOPMENT IN APPAREL MANUFACTURING · 

Since Wisenthal invented the needle with an eye in the centre in 
1775, Thommonier patented the first working sewin9 machine in 1830,· 
Howe invented ·the lockstitch in 1846 and Gibbs the chainstitch 
in 1856, there have been thousands of patents which cover 
improvements in the sewing machine. However, there is little 
fundamental difference between the way stitches· are made now 
and the way they were made in the middle of the 19th century. 
The machine. moved from hand or foot power to shaft pOwer, the 
shaft attaching the equipment to water or electrical supplies 
and finally to individual electri'c motors, beginnil\g' in the 1930's. 
There have been significant changes in the productivity of sewing 
machines during the past 75 years, primarily in speed as measured 
by the stitches made· per minute. By 1930 machines were available 
which operated at just .over 3000 stitches per minute. With the 
introauction of automatic oiling, the speed increased to 5000 
stitches per minute, which remained the practical maximum from 
about 1930 until. 1962 when speeds began ~ increase with the new 
metals technology. For all practical purposes the maxima are now 
about 6000 stitches per minute for lockstitch machines and 8000 
stitches per minute for chainstitch machines. Chainstitch machines 
have now virtually exceeded the ability of the operator to control 
the fabric at the speed which they are capable of running. Machines 
capable of 10000 stitches per minute or more will probably be seen 
if and when the handling by the operator is eliminated or assisted. 

This evolution in sewing speed has been important to produc.tivity 
for a number of products. However, it will be understood that on 
many sewing operations the time that the 'actual sewing takes place 
forms only a small part of the total time required to perform the 
operation. 

Literally thousands of minor work aids have been developed during 
the past 75 years. Th~se consist primarily of attachments, folders, 
and guides which assist the operators in producing a variety of · 
seams with a minimum of human control. Examples· of this are beDDing 
folders, binding attachments, and edge guide.s. 

2.1 

At about the turn of the century another major breakthrough was made 
when the first.automatic cycling machines were invented. This 
automatic ~yclJ.ng feature made possible the bartack-er, the buttonhole 
machine, alld the buttonsew machine. Advances in the· develop~nt .and 
application of automatic cycling machines continue. to go forward, but 
at a- slow pace. · 



Around 1960, needle positioners began to find their way 
into the apparel industry. These rather simple devices 

- were designed to place the needfe automatically in 
either_an up or down position at the will of the operator, 
without the turn of the hand wheel previously required. 
Perhaps more importantly, the needle positioner made 
possible the development of the underbed thread trimmer, 
which provided the most significant productivity 
improvement device which came into use during the 1960's. 
Like the needle positioner, the automatic thread trimmer 
made possible other developments in automatic disposal. 
During the 1960' s and to the present time, numerous 
disposal and stacking devices have been de~eloped both 
internally by apparel manufacturers and by suppliers-_ to 
the trade. The decade of the 60' s was a rich one in 
the development of apparel mechanisation. The sf!wing 
machine manufacturers began to think about the human 
stde of the fabrication task in addition to the mechanical 
problems. In the USA the American Apparel Manufacturers 
Association began its efforts to pool the resources of 
the apparel manufacturing community to find ways. to have 
research conducted which would enhance the industry as a 
whole, thus contributing to solving the problem of a 
fragmented development effort. 

The machinery manufacturers moved from a preoccupation 
with stitching speeds, feeding mechanisms, and stitch 
formations, to thread triDDiling, guidance mechanisms and 
disposal devices. The automatic cycling.machine_ took 
a giant step forward with the introduct;Lon of the fi.rst 
patch pocket setting machines and the first welt pocket 
machines. At first, these were enlargements of the 
early ca~controlled bartackers and buttonhole makers, 
but they gradually moved to pneumatic., optical and 
electronic controls. - · 

Notably during the 60's were two major research projects, 
one funded by a German se~ing .~chine manufacturer and 
the other by the u.s. Apparel Industry, with government 
supp<?rt. 

The German development was called the transfer street. 
This large and complex machine was Q8signed to perform 
all operations on a shirt front including pocket setting, 
front edge folding, buttonholing, and buttonsewing. It 
even he~d the pocket in preparation for attaching. In 
order to perform this series of operations, a great deal 
of basic research and development. had to be undertaken· 
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in the area of picking up, moving, and re-aligning pieces 
of 'limp fabric. Although this machine was not commercially 
successful, it provided a great deal of the- technology and 
the mechanical logic W~ich led to automatic PoCket setters, 
automatic underfront machines, s~quential buttonsew 
machines, sequential buttonhole machines, the the pick-qp 
and disposal dev1ces used on numerous other mechanized 
devices throughout the range of apparel products. 

A joint effort of a number of u.s. apparel manufacturers 
with gover~nt support went toward some basic research 
in the handling of limp fabric. The· result was a report 
accompanied by an eXp9rimenta~ prototype called the · 
"Rink". The Rink was intended to be a test ·of a number 
of technologies involving the pick-up, alignment, orientation, 
and disposal of limp 'fabric pieces. Not intended as a 
commercial venture, the Rink project stimulated a great 

. deal of thinking among apparel equipment manufacturers 
as well as among the apparel manufacturers themselves. 

The· development of the needle positioner and thread trimmer, 
the increased use of the air operated devices, the transfer 
street, and the Rink, stimulated manufacturers in both 
Europe and America to r~ally begin to pay greater attentiop 
to· the development of· equipment to improve tlie product! vity 
of the apparel industry. Much of the more advanced 
equipment in use today owes its development to this early 
research, and perhaps demonstrates the 'potential for 
breakthrough if more appropriate resources could-be applied 
to this type of project. 

There was also a dramatic increase in the internal 
expend! tures being made by apparel manufacturers on 
engineering,and specialised equipment development. 

Some apparel manufacturers turned to equipment development 
companies which heretofore had not been involved in the 
apparel industries. These automation companies did 
specialised research on certain apparel products under 
contract with one or more producers of those apparel 
products. The real return on investment provided by 
the research and development done by these companies was 
poor and no successful production equipment was delivered 
from these efforts ; only prototypes and pre-production 
models were demonstrated. ·However, certain breakthroughs 
in basic technology_were made and both efforts contributed 
to the general state of the art of soft goods mechanisation. 

In addition to the sewing technology developments of the 
1960's and early 1970's there were significant developments 
in the marking and cutting operations. In about 1962, the 
first pattern miniaturisation equipment specifically 
developed for the apparel industry came onto' the market • 

• 
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Pantographic pattern reducers and cutters as well as 
cameras and other reproduction equipment were designed 
to improve the marker-making function and to provide 
an improVed technology for the control of material wa&Jte. 

Simultaneouslyt a joint venture operation between a 
large apparel manufacturer and a high technology 
corporation led to the first numerically controlled 
fabric cutters utilising a laser beam.to cut a single 
ply of cloth. Simultaneously a machine tQOl manufac~urer. 
who had enjoyed-great succes$ in the development and sale 
of numerically controlled tools for cutting metal and 
wood was working on·a mechanical cloth-cuttinq head for 
numerical control. · A similar development led to today' s 
latest cutting technology. 

Interactive marking and planning of markers with the 
assistance of computer technology is today widely used 
by the larger, more progressive apparel manufacturers 
of the world. The numerically controlled cutting head 
is now commercially successful and is usually guided 
by the electronics furnished by computer aided marker . 
making. 

Due to its ability to ~ut only a single ply of fabric, 
the laser cutting head has not met with significant 
commercial success. It is being used by one or two 
tailored clothing companies an~, more important, has 
been adapted to cut patterns used in the manufact~ing 
process. 

During the 1970's some additional new thinking has gone 
into ~pparel mechanisation. A number of edge guidance 
devices have come on _to-the market and the automatic 
cycling machin~, the old baxtacker married to modern 
electronics, continues to offer new potential. Ele~tronic 

control is rapidly becoming a standard element of the 
tatest generation of sewing equipment. 
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2.2 THE NATURE OF THE ASSEMBLY PROCESS 

In this sect~on the conventional assembly process will 
be discussed; that is the process of joining together 

• precut parts to form a finished garment. 

With very few exceptions g~rment assembly is organised 
as a batch processing system. Each batch is typically . 
called a bundle. The bateh ~ize can vary from a single 
unit to over 100 depending on the product, and the 
production and hancUing system in use. Similarly, the 
number of discrete processes (operations) the batch 
g~es through can vary from less than five to over 100. 
This also depends on the product, but the extent to 
which the assembly process should be split up into 
separate operations is much more a management decision. 
This decision is in turn influenced by the quantity 
being produced and the amount of investment available 
for specialis.ed industrial engineering and equipment 
at each operation. 

Traditionally the highly effi.cient producers set up 
production units with very short individual operations 
producing at high volumes. 'Such action h_ad the advantage 
that each workplace could be specialised to a high degree 
and the basic work content of the operation brought down 
to the minimum.. The resulting short cycle times allowed 
the operators to achieve relatively short learning·periods 
and extremely high pace. The disadvantages of this 
approach were that because it was impossible to· set up · 
all the operations with identical. capacities a 
considerable "balance" problem arose requiring the 
transfer of operators from one operation to another 
to equalise output throughout the system. Excess times 
(and costs). then started to arise as operators waited for 
assignment and as operations were performed by less . 
experienced workers. These problems could be minimised 
by carrying high work in process for each separate operation 
but this in turn involved considerable investmen~ in 
working capital and protracted throughput times~ A further 
di~advantage of this approach was that such production units 
were inflexible in the face of product- changes often of even 
relatively minor ones. 

Because of the much greater demand for flexibility'now 
placed on the garment manufacturer, product~on units as 
described above are only-appropriate for· a narrow range 
of products, such as jeans. 

The more recent trend has· been for manufacturers to aim 
.for fewer $eparat~ operations which entails less 
speciallsation:, higher basic work content, a lesser 
though still significant balance problem, lower work in 
process and faster throughput time. ·J{owever, dependence 
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ern operator skill is higher, the work pace tends to be .lower 
and training times are longer. once established such production 
units are relatively flexible. 

In both cases there has been almost universal adherence to the 
principle of one operator working one.machine. Numerous 
studies have shown that the actual machine time in such 
circumstances rarely exceeds 30% of the total cycle time 
and averages. closer to 15%, the balance being handling. 
Most current mechanisation strives to overlap some of the 
handling time with the machine cycle time. Machinery 
manufacturers describe this as "increasing the proportion 
.of machine time". While this is valid, it is perhaps more 
construct! ve to think of it as eliminating the machine time 
from the total cycle ti~ as this ~re clearly illustrates 
the fundamental limitations of this approach in that it 
at tacks the smaller part of the total cycle time. This 
argument is developed further elsewhere in this report. 

To fully comprehend the opportunities that technology offers 
to reduce manufacturing time and cost, it- is necessary to 
distinguish between the two elements that make up the actual 
manufacturing time. These are 

The Basic Element 

The E~cess EZement 

The reason for recognising these elements separately is 
that their level or ' content' is determined by different 
people, and their reduction and control subject to 
different skills. 

2.2.1 The Basic Element 

The basic element of time or cost­
of_a garment is.the inherent work 
content as dictated by the design 
of the product and the processes 
used. It can in turn be broken 
down into: 

_th8 design component 

the engineenng component 

The design component is the work 
content dictated by the designer 
and the assembly methods specified, 
and.should be a reflection of what 
the particular market requires. The 

. design component specifies the 
number of seams, the_ stitches per 
inch, the degree of check matching, 
the quality standards, the amount 
of basting, under-pressing_ and 
handwork. Thus, the design 
component might be termed the 
'intrinsic work content'. 

• 
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The engineering component is a reflection 
of the way industrial enginee~ing (work 
study) skills and machinery have been 
applied to produce the desired intrinsic 
work content at the lowest cost, and 
might be termed the 'process controlled 
work content '. 

The basic element is the ueasured work 
content or number of minutes required, 
at a defined level of operator effort, 
to produce the required design with the 
equipment and methods available, 
allowing for defined losses for machine 
delays and fatigue and personal time, 
but without any time losses of any 
other kind. This is the time per 
garment which would be achieved if 
everything went_perfectly, if styles 
could be changed without loss, if 
operators were never absent and never 
required trai~ng. 

2.2.2 The Excess Element 

If the basic element is measured 
accurately to the above definition 
then it will, of course, always be 
less than the actual time achieved. 
The difference between the actual 
time and the basic time is the 
excess element. 

The excess element can be reduced 
and controlled. It can also be 
split into two parts : 

the i~trinsic e~ess 

the manageriaL excess 

The intrinsic excess is a reflection 
of the conditions which are dictated 
by the market which the manufacturer 
is trying to serve and by the scale 
of the operation. These are factors 
which are largely beyond management's 
control once the policy of the company 
is established, and they will only 
change in the longer term (by " 
expanding, by rationalising the range, 
by serving different markets, etc.) 
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, The manufacturing conditions dictate 
throughput time and flexibility, and 
they should be -reflected in the design 
of the production system. 

The -managerial excess is what is left, 
and it is that part of the time taken 
which truZy.reftects manageriaL competence 
in administering production. -It 
reflects scheduling, shop and machine 
loading, supervisory skill in balancing, 
reduction of training times through use 
of modern techniques, and· motivation and 
incentives for employees to qi ve of their 
best. 

To summarise, the appare+ producer is faced with a continuing 
need to balance the basic element and the excess element in 
o'rd.er to optimise the actual time and cost. It will be seen 
that technology properly applied can have a very significant 
impact on where that balance is ach~eved. 
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2.3 A CLASSIFICATION OF TECHNOLOGY 

ln order to discuss and identify opportunities it is necessary 
first to classify the various techniques used in the 
application of technology 'to the apparel assembly process. 
The following categories have been selected, though it is 
appreciated that there is a degree of overlap between them: 

Materials Handling Technology 

Joining Technology 

Controls Technology 

Process Technology 

Management Technology 

Each category is discussed below. 

2.3.1 Materials Handling Technology 

This area encompasses most of the 
technology now used to mechanise 
the asse~ly process. A number 
of sub-divisions can be identified: 

Separate and pick up one ply of 
fabric 

Position and align fabric 

Load· to machine 

Guide through machine 

Unload from machine 

Transfer to next process 

Taking each of these in tum: 

(a) Separate and pick up one ply 
of fabric 

This is a key area. Due to edge 
welding caused by knife friction 
as garment parts are cut out, to 
surface fibres tangling under 
pressure in the cloth lay and 
occasionally to static electricity 
effects, the separate plies of a 
stack have a tendency to stick 
together with most fabric types. 
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Much time and effort has been 
devoted to the construction of 
devices designed to grip a 
single ply on the tQp of a 
stack sufficiently firmly for 
,it to be separated from it 
manually via some sort of 
peeling or slicing action. 
To date non~ of these devices 
has been completely 
satisfactory, and many are 
awkward to adjust accurately 
for different thicknesses_of 
fabric. 

The alternative approach of 
separating one ply first then· 
picking it up has been tried 
and appears to offer a 
solution to a number of the 
difficulties inherent in the 

· more usual 11 grip first" 
approach. 

However, in a fully automatic 
context, the separate and pick 
up operation is rather more 
complex. This is because 
workable ~vices would have 
to recognise their own faulty 
operation, they would have to 
pick and reject laps in the lay 
and they would have to sense 
the end of the stack. These 
last requirements potentially 
require much more sophisticated 
technology than simple pick up. 

(b) Position and align fabric 

To the extent that this element 
is concerned with separated plies 
the problems are more tractable. 
The technologies of aligning 
several parts accurately are well 
developed outside the garment 
industry. The added complexity 
of handling,limp fabric arises 
and a number of techniques are 
available to facilitate this. 
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2.3 A CLASSIFICATION OF TECHNOLOGY 

In order to discuss and identify opportunities it is necessary 
firs~ to classify the various techniques used in the 
application of technology to the apparel assembly process. 
The following categories have been selected, though it is 
·appreciated that there is a degree of overlap between them: 

Materials Handling Technology 

•· Joining Technology 

Controls Technology 

Process Technology 

Management Technology 

Each category is discussed below. 

2.3.1 Materials Handling Technology 

This area encompasses most of the· 
technology now used to mechanise 
the assembly process. ·A number 
of sub-divisions can be identified: 

Separate ~d pick up one ply of 
fabric 

Position and align fabric 

Load to machine 

Guide th~ough machine 

Unload from machine 

Transfer to next process 

Taking each of these in turn: 

(a) Separate and pick up one ply 
of fabric 

This is a key area. Due to edge 
welding caused by knife friction 
as garment parts are cut out, to 
surface fibres tangling under 
pressure in the cloth lay and 
occasionally to static electricity 
effects, the separate plies of a 
stack have a tendency to stick 

, together with most fabric types. 
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Much time and effort has been ·· 
devoted to the construction of 
devices designed to grip a 
single ply on the top of a 
stack sufficiently firmly for 
it to be separated from it 
manually via some sort of 
peeling ?r slicing action.· 
To aate none of these devices 
has been completely 
satisfactory, and many are 
awkward to adjust accurately 
fOr different thicknesses of 
fabric. 

The ·alternatiye approach of 
separating one ply first then 
picking it up has been tried 
and appears to offer a 
solution to a number of the 
difficulties inherent in the 
more usual "grip first" 
approach. · 

However, in a fully-automatic 
context, the separate and pick 
up operation is rather more 
complex. This is because 
workable devices would have 
to recognise their own faulty 
operation, they would have to 
pick and reject laps in the lay 
and they would have to sense 
the end of the stack. These 
last requirements potentially 
require much more- sophisticated 
technology than simple pick up. 

(b) Position and align fabric 

To the extent that this element 
is concerned with separated plies 
the problems are more tractable. 
The technologies of aligning 
several parts accurately are well 
developed outside the garment 
industry. The added complexity 
of handling limp fabric arises 
and a number of techniques are 
available to facilitate this. 
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(c) Load to machine 

This area is largely an extension of 
the previous one in that it requires 
the accurate movement of a limp 
fabric piece, or a set of pre­
aligned pi.eces. The precise 
nature of. the 'load' action varies 
from machine to machine. 

(d) Guide through machine 

In_general this is now regarded 
as a machine technology·. 
Guidance can be accomplished !n 
two principal ways: 

Edge following 

Predetermined path 

In the first case a fabric edge 
is used to determine the seaming 
path. This is usually an 
externa~ edge, though not 
necessarily so. Various 
techniques for creating a 
sharp edge on fabr'ic parts 
have an application here. In 
this context the qniversal 
principal is for the machine 
to remain stationary and for 
the fabric to pass through it. 

In the second case the seaming 
path is predetermined. Actual 
guidance can be hardware 
determined by jigs, cams, or 
rails, or it can be software 
determined by various systems 
of numerical control. In 
this context, although the 
workpiece passes through the 
machine in most instances, 
the· alternative technique 
of fixing the workpiece and 
directing the seaming head 
around it is gaining ground. 
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In terms of flexibility it 
is clear that guidance systems 
dependent on edge-following 
are inherently more flexible, 
though developments in software 
guidance systems go some way 
tO answering this. Such 
systems frequently have the 
additional advantage that 
numerous seaming paths can 
be stored electronically and 
called qp on demand. 

(e) Unload from machine 

The tec~iques in . this area 
are well developed. The 
usual objective is to get 
the unloading device to 
re~ve a finished piece 
and dispose of it in such 
a way that it is aligned 
optimally for the subsequent 
operation. Sometimes the· 
unloading meChanism also 
transfers the Workpiece 
directly to the next operation. 

(f) Transfer to next process 

The ~roadest spectrum of 
technology is employed in 
this area from straight­
foxward tied bundles through 

· .•. i to highly sophisticated 
computer controlled 
transportation systems. 
This is a development area 
which can greatly increase 
flexibility in that it frees 
the production process from 
the constraints of a 

·sequential layout. Whilst the 
basic transportation systems 
have been available to do 
this for many years, the problems 
associated with managing such 
flexibilfty have yet to be 
fully solved. The computer 
controlled systems would appear 
to offer the best opportunities 
yet of managing total sequence 
flexibility. 
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on a different level this 
classifieation could,be 
applied to sequential feedi.ng 
devices where a prepositioned 
workpiece is fed repetitively 
through the'same process as 
in buttonholing or belt loop 
attaching. 

Of course not all the above 
processes occur on every 
operation nor do they always 
occur in the sequence 
discussed. As far as present 
development is concemed, the 
first three items (pifk up, 
position and load) are almost 
always performed by an operator~ 
It is on the latter three 
(guide, unload. and transfer) 
that the bulk of the development 
work has been carried out. 

2.3.2 Joining Technology 

Three techniques of joining pre-cut parts c~ 
be identified: 

Sewi-ng 

Welding 

Adhesives 

Each of these is discussed below: 

(~) Sewing 

The basic techndloqy of sewing 
could be said to have existed 
since prehistoric times, with 
development directed towards 
making the process faster and 
of higher quality. This is 
obviously an oversimplified 
view, but it serves to emphasise 
the point that the development 
level of sewing machines has 
reached a polnt where there is 
virtually no benefit in making 
the machines run faster, unless 
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the machine is fully automatic 
and independent of a human 
operator from cycle to cycle. 
As conventionally designed, 
a sewing machine performs two 
distinct functions. First it 
penetrates the fabric with a 
thread and creates some type of 
stitch, using a mechanism under 
the fabric; secondly it 
transports the fabric through 
the machine to position it for 
each successive stitch. It is 
the latter function which has 
tended to create the most 
quality problems, tnd much 
development has gone into 
solving these by a multitude 
of different. feeding mechanisms. 
As a result the modern sewing 
machine is a highly developed 
mechanical device capable of 
a wide range of subtly 
interconnected motions. Until 
recently sewing machines were 
completely • dumb • , but the 
advent of electronically 
controlled motors has allowed 
a degree of feedback, where ' 
rising needle heat causes the 
motor to slow down. Electronic 
motors have the capability of . 
extremely rapid acceleration and 
deceleration. This feature has 
allowed some automatic machines 
to be controlled on the basis of 
each stitch position being fully 
specified rather than the 
conventional II sew from A to B II 
type of control. No completely 
satisfactory alternative to the 
lockstitch stitch type has been 
developed, and the requirement 
for a small thread package 
underneath the lneedle that needs 
frequent replenishment is a 
problem for fully automatic 
processes. Technologically this 
problem could be solved fairly . 
easily - it is certainly no harder, 
for example, than changing a loom 
shuttle bobbin during operation -
and at least one low cost device exists. 
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However, all current automatic 
machines utilise modified-sewing 
heads that were originally 
~eveloped for conventional 
sewing machines. What is really 
n~eded is a sewing head designed 
from the start for automatic 
operation. 

Combined with the technology 
of the sewing process, there 
is the technology of the sewing 
thread. Develo~ment is· 
continuous here, with a major 
objective to produce thread that 
has the widest tolerance to 
machine adjustment together with 
seam strength, colour fastness, 
compatibility with sewn fabric 
and good appearance. 

Although recent developments have 
made alternatives to sewn seams 
available, the properties of sewn. 
seams such as softness, stretch, 
strength and reversability 
(allowing garment alteration)~· 
make it extremely unlikely that 
sewn seams will be repl~ced as the 
major s~stem of seaming in the 
foreseeable future. 

(b) Welding 

Welding is used in garment assembly 
with two ~in technologies, thermal 
welding and ultrasonic welding, and 
some experimentation has been 
carried out using a laser as a 
heat source. Thermal welding is 
used almost exclusively on plastic 
film type of garments and is often 
a die process as well as a 
continuous seaming process. As 
well as seaming, tne process is 
used to create features such as 
buttonholes-and for reinforcement 
in strain areas .. 
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Sonic welding can be app~ied to 
films, but its main application 
is on fabrics with a high 
thermoplastic fibre content. 
Again both dies and continuous 

. seaming are used. In the 
automatic seaming context, 
the process has the advantage 
that the complexities associated 
with thread, such as bobbin 
changing and e~d of piece 
thread trimming, are absent. 
The actual welding mechanisms 
are also less massive than 
conven tiona! sewing heads. For 
conventional seaming these 
adv~tages have tended to be 
overshadowed by the limitations 
of the process and for.this 
reason ultrasonic seaming 
machines have gained only 
limited acceptance up to now. 

(c) Adhesives 

Adhesives of all types are used 
in apparel assembly. The IIX)st 
common application is for the 
joining~of interlinings to 
body fabric panels. In this 
instance the adhesive is preooated 
on the interlining and the bond 
with the body fabric• is created 
by a pressure and hea~ fusing 
process. Fusible tapes and 
threads have also replaced 
blindstitching in a number of 
instances; in such cases the 
tape or thread is virtually 100%' 
adhesive. 

Development is also under way 
on adhesive processes where the 

. adhesive medium is applied in the 
seam directly and then heat set 
by the same equipment. 

As in the case of welding; the 
most attractive area for adhesives 

. would appear .to be in automatic 
applications rather than as 
alternatives to conventional 
seaming. 
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~-3~3 Control Technology 

This classification comprises the technologies 
associated with the automatic monitoring and 
control of processes. As a broad qener~l~aa~ion, 
the rate of apvance in the capability to 
control processes, thl:ough microprocessors, 
for example, has not been matched by a 
similar advance in the teclmique of inter~acin; 
the process and the microprocessor. 

For the apparel assembly process, these 
technologies are involved in two levels of 
application. The first level is the act~l 
control o~ the· seaming operation. Areas 
affected here are the control of the lDQtore, 
intermittently-operating attachments such as 
thread trimmers together with control of the 
seaming direction and duration. 

On a larger scale control technology also has 
a role when the transfer of work from ·one 
work station to another is performed 
automatically, or even non-automatically b~t 
under computer guidance. 

2.3.4 Process Technology 

In this classification appear those processes 
which offer radical alternati.ves to t~ 
conventional making up process. 'l'hese inclu-1 

Moulding (Direct fabric to garment) 

Garment knitting (Direct yarn to 
garment) 

Fibre layering (Direct fibre to 
garment) 

Plastic forming (Direct thermoplastic 
to garment) 

Rigidification 

As can be seen from the parenthesised i tema, ••~ 
of first four processes.attempts to bY,paea ·~of 
the usual intermediate processes. The diagram in 
Fig. 2. 1 is conceptual in that it fails to tak• 
account of the fact that none of these prqc, .... 
as yet can completely bypass the intermed!atef, but 
nevertheless it doe·s clearly show the hierarch)' Qf 
the various techniques. Each one is discua•e4 in 
some detail: 

. ' 
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SHORTCUTS IN !·~NUFACTURING 

Finished Garment ~ 
Moulding t 

Assembly 

t 
Cut 

t 
Weave/Knit 

Spin 

t 
Fibre 

t 
Synthetic Ba.se 

(a) Moulding 

These techniques arise, from the 
observation that virtually all 
garment seams create shape in a 
a garment, and that it is 
frequently possible to form the 

. required shape in the fabric 
directly. Various moulding 

· processes exist for both woven 
and knitted f~rics as flat 

·piece goods or tubular form. 

Garment 
ICnittinq 

. 

I 
Fibre 

Layering 
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In the case of flat piece goods; 
complete garment moulding has 
been demonstrated, resulting in 
elimination of a large proportion 
of seams. It is probable however, 
that the inevitable penalties in 

· material utilisation incurred as a 
result of cutting a large and 
complex part, together with 
problems.of flexibility, will 
prevent widespread adoption of 
the technique. - In the case of , 
moulding woven or knitted parts, -
the process appears more attractive 
in that it can offer considerable 
comfort and fit advantages, and 
eliminate some shape-creating 
seams such as darts. In this 
form the process has been widely 
accepted for foundation wear. 
Currently available processes 
require a proportion of thermo­
plastic fibres in the fabric, but 
new processes are being developed 
that are expected to allow moulding 
of 100% natural fibre fabrics. The 
precise mechanis~ of these processes 
is not yet announced, but at least 
one of them uses the principle of 
laminating a thermoplastic layer 
to the body fabric. 

Full garment moulding of knitted · 
fabrics when done on a knitted 
tube does not suffer the same 
material utilisation difficulties 
as the equivalent process on woven 
fabric. Development is continuous 
in the field and a number of 
products are on the market. In 
general these processes aim to~ 
eliminate all body construction 
seams whilst leaving thesewing 
for applied features such as 
pockets, collars and so on. 

(b) Garment Knitting 

A number of processes now exist 
that allow complete garments to 
be produced on knitting machines. 
Such garments require little or 
no subsequent operations. Examples 
are gloves, tights, girdles, sweaters, 
and dresses. 
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A range of technologies are used 
involving most type~ of knitting, 
from the circular/reciprocating 
machines used on hosiery, to warp 
knitting machines for girdles, and 
'V'-bed machines for sweaters and 
dresses. Some processes produce 
completely assembled garments 
whilst others produce a complete 
garment blank which requires a 
minimum of finish seaming. The 
garment knitting technologies can 
be combined with moulding to heat 
set the finished product. In 
general the advantages of these 
processes are the reduction in the 
direct labour cost of assembly 
coupled with elimination of the 
yarn wastage associated with 
"cut and sew~' operations. 

With the advent of electronic 
rather than tnechanical needle 
selection combined with developments 
in computer aided design, further 
progress in this field can be 
expected to be rapid. 

(c) Fibre layering 

The construction of non-woven 
fabrics has a very wide 
technology. In the past the use 
of such fabrics in clothing has 
tended to be confined to irtter­
lining~ and specialist disposable 

·workwear. Currently new fabrics 
are being developed that have the 
handle and durability of sim.t'lar 
weight woven fabrics. Although 
non-wovens are normally produced 
as piece goods, specific types 
can be built up on a form to 
create a garment or garment part. 

The processes used include 
centrifugal deposition inside a 
hollow form, or spraying onto a 
garment shaped form. The latter 
process would appear to offer 
considerable long term potential, 
particularly when ~ombined with 
the rapidly developing technologies 
of numerically controlled ink jet 
printing. 
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However, it wou~d be foolish not 
to acknowledge that this type of 
process has considerable aesthetic 
hurdles to overcome before it can 
offer a widely acceptable 
alternative to more conventional 
processes. 

(d) Plastic forming 

A process has been developed that 
allows the production of PVC 
garments directly on a former 
by a powder-dipping,process. 
Garments were produced commercially 
but the process economics have 
resulted in its discontinuation. 
A major consideration was the cost 
of the moulds coupled with low 
machine output. This type of 
process appears generally 
unattractive because it is 
restricted to film garments 
which can be effectively produced 
by dielectric welding processes. 

(e) Rigidification 

Fabric rigidifaction in the form 
of starching has been practised 
for almost as long as fabric 
itself has been manufactured. 

if However, in the context of this 
classification, reVersible 
rigidification could be one 

· solution to the difficulties 
of handling limp fabrics. A 
number of processes have been 
tried but no really satisfactory 
solution has yet been developed. 
Problems have existed in either 
uniformity of application in the 
chemical unpleasantness of the 
rigidifying medium, or in the 
reversing process. New developments 
in the application of non reversible 
stiffness (as an alternative to 
fused interlinings) do however offer 
some cause for optimism that a 
satisfactory process could be 
developed. 
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2.3.5 Management Technology 

In this classification the developments in 
electronic data processing are considered 
when used both off line and in real time. 

(a) Off line processing 

There is no doubt that proper 
application o~ EDP to the 
planning and scheduling task 
in most apparel manufacturers 
would create a better operating 
environment for the production 
process. 

This is particularly true of the 
high style manufacturer who 
usually has many, often conflicting, 
priorities to meet. However, the 
fundamental scheduling and 
production balance problems of 
batch manufacturing are similar 
whether the products are clothing, 
light metal fabrications or any 
other batch produced items.· These 
problems have been recognised in 
other industries-and acceptable 
solutions produced. Much of this 
technology can be transferred almost 
directly to clothing manufacture. 
It is certain that if automation 
is introduced and the machines 
themselves become interchangeable 
among a range of operations, then 
scheduling a sewing room will assume 
great similarities to scheduling 
a machine shop, with the optimisation 
of machine utilisation a major 
objective. The algorithms for 
this optimisation are already 
well developed. 

(b) Real time processing 

This is potentially one of the most 
rewarding areas for the application 
of technology to the apparel 
manufacturing industry. Traditionally. 
management information systems have 
been historical, in that the control 
data relates to the past hour, or the 
past day or the past week. 
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Naturally such'systems frequently 
cannot identify trends until they 
are well established, and 
appropriate management action 
is often triggered too late to 
avoid ;problems. By capturing 
the control data in real 'time 
and continuOusly monitoring 
trends and performances, EPP 
offers the possibility of 
initiating corrective action 
before problems have become 
severe enough to generate 
excess costs in manufacture. 

With these technologies, the 
major barrier to widespread 
use is cost, of both the 
hardware for data capture 
and pro~essing and the software. 
As hardware costs decline it 
can be hoped tha~ the opportunity 
to amortize software costs over 
a large number of installations 
will bring real time systems 
within the reach of the majority 
of manufacturers. At the time 
of this s.tudy, two real time 
systems are commercially 
available although development 
continues on both. There is, 
in addition, a prototype system 
in operation where the computer 
also controls the movement of 
work throughout the assembly 
process.. This is a particularly 
exciting development as it not only 
allows the computer to generate 
warnings to the management, but 
also enables it to initiate 
corrective action. 

.~ . 
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2.4 THE CURRENT STATE OF THE ART 

_Over the last few years many workaids have been added to 
the machine to' help the operator and to reduce the time 
taken to perform an operation. The list of items which 
may be added to a basic sewing machine is quite large. 
Some of these may be incorporated into the machine at 
its design stage. 

Attachment 

Folders 
Binders 
Presser foot lifter 
Special presser feet' 
Impact cutter 
Guillotine cutter 
Thread chain cutter 
Scissor type cutter 
Lace feeder 
Special feed dogs 
Automatic chain cutting 

This list is not exhaustive. 

Design 

Large hook 
underbed thread trimmer 
Stitch closer 
Belt feed for delicate fabrics 
Photocell control 
Autotacking 

Sewing machines equipped with.such equipment have higher 
output with skilled operation. 

Such equipment does not make· the operation automatic. 'l'he 
operator must still sew the seam using the sewing machine. 
A large proportion of the seams sewn on most garments, even 
in a well engineered factory, are sewn with such equipment. 

In determining the current state of the art for sewing 
eqQipment, we have looked beyond the equipment briefly 
described above to assess the degree of automation ~at 
is available in each of the following range of popul* 
products 

Shirts and blous~s 
Knitted underwear (T-shirts, men's 

and ladies' briefs) 
Trousers 
Jeans and workwear 
Jackets and coats 
Ladies wear (dresses and skirts) 
Tracksuits and knitted pyjamas 
Other products • 

• 
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2.4.1 Shirts and Blouses 

Collars 
Collar profiling determines the shape of 
the collar. Some of the machines for this 
Operation are now microprocessor controlled 
either with a x-y moving sewing head or 
with moving clamp and fixed head. Whilst 
some versions of the automatic collar 
profile stitcher incorporate automatic 
point tri~ers and throat notchers others 
do not and operators continue to do this 
simple operation manually. With the two 
piece collar, the three,.operations of 
paring the points, notching the throat 
and turning and pressing the collar leaf 
can all be done on one machine. 

Using the principle of automatic.profile 
stitching a method of assembling the two 
main parts of the two piece collar has 
been developed. Firstly the band is 
manufactured on a creasing machine which 
fuses the band lining and turns in all 
the edges· of the band. The two parts 
of the collar, leaf and band, are then 
assembled in·a'clamp and sewn on a machine 
controlled by an electromagnetic cam. 

Fronts 
In front.making, automatic pocket setting 
machines now perform all the sewing and 
stacking part of the operation but the 
posi tionii..ng. of the front and the alignment 
of the pocket to it are still under the 
qontrol of the operator •. She is aided 
in this alignment by workaids and guides. 

I . 

Sewing the front strap has been fully 
. automated with automatic feeding into 
the machine being followed by automatic 
cut off and stacking. 

Buttonsew and buttonhole fronts 
Automatic machines are available which·will 
index the front to the ne~t sewing position 
and require merely that the operator feeds 
the next front in accurately. The machines 
will stack at the end of each front. A 
variety of methods· are used to achieve the 
indexing, ranging from mechanical stops. on 
a bar to easily reset decade switches on a 
control box. 
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2.4.2 

For tunic type fronts on blouses and knit shirts 
an automatic machine is available to attach the 
plaquet. 

Cuff Making 
A fully automatic cuff making unit with automatic 
transfer between sewing units has been demonstrated. -
More usually, the automatic machines in use are 
individually fed by the operator. Attach li~ing, 
run stitch cuffs on a turret machine, topstitch 
cuffs and cuff press can all be.performed 
automatically and the cuff stacked after 'the 
operation has fed the machine. Tandem buttonhole 
machines with automatic stacker are also available. 

Sleeves 
A recent development in shirt manufacture is a 
machine which automatically folds and'attaches 
the sleeve piece and sews the box in one 
operation after the operator inserts the two 
parts. Left and right are sewn alternately. 

For attach yokes, .a semi automatic machine is 
available •. Her-e the back and yokes are 
pOsitioned by the·operator prior to automatic 
sew and stack. 

Shirt assembly is normally carried out on a 
number of specially set up machines. However, 
no automation has taken. place in this area. In 
each case the operator controls the flow of 
work past the needle. 

Knitted underwear 
(T-Shirts, men's and ladies' briefs) 

Sleeves 
A semi automatic machine is available for 
blindstitch hemming sleeves. 

Bottom.Hemmi.ng 
An automatic machine .for hemming the bQttoms o,f 
T-Shirts is available. A pick up device aids 
the operator in loading the garment. The 
machine sews the seam automatically and finally 
stacks the garment. One ope~ator can use two 
machines • 

. Cam operated machines 
Tacking where necessary is_ done by cam controlled 
tacking machines. 

J 
I 
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Labels-
These are attacihed'by cam col)trolled line tackers. 
Automatic devices exist to pick up and accurately 
position the label for sewing. Labels may also be 
attached by PROM (Programmable Read Only Memory) 
controlled stitchers. 

Long Seamers 
These are used to sew the side seams in T~shirts. 
After the operator has aligned the parts, the edge 
guide and 'inouse' clamp control the fabric past the 
sewing head, followed by automatic stacking. 

Waistbands 
The waj,.stband elastic may be inserted in an automatic 
two station machine. After loading by the operator, 
the machin~ rotates the garment to the sewing head, 
for automatic sewing. Simultaneously, the operator 
loads a second garment on a second loading head. 

Binding 
Semi automatic maChines with sensor controls are 
available to attach and cut off the binding on 
T-shirts. 

G\lSset and side seams 
These seams may be sewn on. an .integrated sewing 
machine where a feed off the arm flatlock machine 
is equipped with photocell control, horizontal 
edge trimmer, chain cutter, belt feed behind the 
needles and flip stacker. Semi automatic action 
eriables the operator merely to feed the parts into 
the machine. 

Most other operations in this sector of the industry are 
best carried out on engineered workplaces. The 
appropriate sewing machine is equipped. with\ folder, 
binder, lace feeder, cutter, thread chain cutter, 
etc. , and the operator sews the garme~ t toget~r 
using manual control. 

2.4.3 Trousers 

Serging 
Automatic serging machines which merely require the 
operator to load the cut p:lies are capable of sewin""g 
right round the trouser parts.· Finally, they stack 
automatically. One operator can operate several 
machines. 

Darts 
A cam controlled line tacker is available for trouser 
dart sewing. 
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Pockets 
A semi automatic machine for attaching straight pocket 
facings is available. The operator loads the machine 
which sews and stacks automatically. 

A special cam operated machine is available to set and 
raise the side pockets. 

For hip pockets an automatic_ machine is available. 

Labels 
These may be sewn in with tackers which automatically 
index from side to side of the label. Al ternat,i vely 
a PROM (Programmable Read Only Memory) controlled 
stitcher may be used). 

Buttonsew and Buttonhole 
These are sewn on semi automatic cam controlled 
machines. 

Sideseam 
Automatic machines are available for sideseam whicb 
may be rail guided or• controlled through a special 
edge guide, perhaps with a free end clamp (a 1 mouse 1 

) •. 

Fly 
A semi automatic unit is available for the top 
stitch fly operation. This gives consistent good 
quality on a difficult operation. 

Hooks and Eyes 
The a:>st modern equipment now has automatic feed of 
tops and bottoms of both the:hook and eye together 
with a pneumatically operated press. 

Belt Loops 
An automatic machine for attaching drop belt loops 
is available. This machine feeds in from the roll 
of prepared belt loop·. It automatically cuts, folds 
and tacks the loop and then indexes to the next 
position. 

Trouser Bottoms 
Special automatic machines are available for pinking 
and taping the trouser bottoms. The operator loads 
the machine which then sews and disposes. 

The remaining operations in making up the trousers 
are carried out on engineered workplaces with the· 
appropriate sewing machine, set up with the co_rrect 
feeders, presser foot, folders, cutters and other 
aids. 
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2.4.4. Jeans/Workwear 

Labels 
These may be attached by PROM (Programmable Read 
Only Memory) controlled stitchers or by programmable 
stitchers. The latter are programmed during the 
first trial seam and afterwards sew the same 
pattern of stitching although the time interval 
between seams may be altered by the operator. 
Alternatively the' label may be automatically 
fed in at pocket hemming. 

Pockets 
Patch pocket p~eparation, hemming and decoration 
is an area where the greatest progress has been 
made in automation. For hemming alone, equipment 
is available which works from a stack, picking up 
a pocket, feeding it, s.ewing it and stacking it. 

For hemming and decorating the patch pocket, fully 
automatic microprocessor controlled equipment is 
available,on which two sewing heads simultaneously 
sew the pocket (hemming and decorating) • This 
equipment works from stack to staCk and is one 
of the most sophisticated set ups available in 
garment manufacture. 

For attaching facings to the pocket, machines are 
available which automatically stack the parts after 
sewing. 

Pocket setting equipment is semi automatiq with the 
operator loading the machine. The machine folds 
the packet, sews the seams, and stacks the 
completed part. 

Fly Making 
A semi automatic machine is avail~le which sews 
and stacks after loading by the operator. 

Belt Loop Attaching 
Loop material is made by feeding cloth in:td a 
machine which cuts it to size, sews the pieces 
and takes it up on a roll. 

The automatic belt loop attaching machines cut 
the loop to .size, fold the ends, position to the 
jeans, tack them on and reposition to the next 
position. One operator can control two machines. 
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Decoration 
For decorating pockets or legs the programmable 
equipment is available. This may be of the 
freely programmable type, where the input is 
from a drawing tablet or from a digitiser. 

Tacks 
In jeans, cam controlled taCker$ are used for 
the strengthening tacks. Finishing the end of 
the waistband may also be done by a special · 
tacker either cam controlled or PROM controlled. 

Studs 
Pneumatic.automatically fed studding machines 
are available. 

For studding jackets, automatic machines are 
available which apply the stud, reposition to 
the next position for the appropriate number 
of studs. · Finally the part is stacked. 

Assembly 
Assembly of the. garment, attaching the waist;ba.nc!, 
finishing the tr~user bottoms are all operations 
where the best equipment is an engineerE;!d' 
workplace with the appropriate sewing he~d with 
the necessary folder, cutter, thread trimmer, 
puller, presser foot lifter, etc., to perform 
the operation effectively. The operator has to 
.handle the garment throughout the operation. 

2.4.5 •. Jackets and Coats 

The manufacture of jackets and coats is currently 
further from wide use of auto~tion than any other 
garment. 

A number of operations have had special machines 
designed for them. These are : · 

(a) Pocket welt machines. Here the operator 
feeds in the parts and activates the 
machine. At the end of the sewing/ · 
cutting cycle the machine automatically 
disposes and stacks. Attachments are 
available for automatic zip insertion 
where required. 

(b) Dartsewer. Here again, the operator 
loads and the machine sews and dispbses 
automatically. 
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(c) Contour seamers are available to make 
sleeve lining seams both with and 
without vent (or interruption) in the 
seam. 

(d) Automatic machines sewing small parts 
(e.g. flaps) in a jig are available. 
Introduction of this principle to 
larger parts is made difficult in. 
menswear because of lack of consistency 
in design, especially in the length of 
the garment. In ladies' coats this 
type of machine is being more widely 
used. 

Some machines are cam controlled. 
These are mainly the buttonsew and 
buttonhole equipment. Locally 
produced cams are also used to 
control the machine which controls 
the amount of fullness as the sleeve 
crown and the back armhole are taped. 

Automatic indexers to move the coat 
between buttons or buttonholes are 
available. 

In ladies' wear, a buttonsew machine 
is available which will sew on and 
lash almost any type of button. 

For attaching labels to the lining 
an automatic machine is available 
which cuts the labels from the roll 
and ~ttaches them. The operator 
loads and unloads the machine. 

Specialist tackers using PROM (Programmable 
Read Only Memory) are being used to make the 
triangular tack in raincoats. 

In the other operations necessary to 
make a coat or a jacket, the best 
equipment consists of an engineered 
workplace with the appropriate sewing 
machine. This has available the necessary 
foldersv edge guides, special feet.and 
feeders, cutters and similar attachments. 
Using this equipment the operator sews 
the necessary seams into the garment. 
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2.4.6. Ladies' Wear 
(Dresses and skirts) 

Serging· 
Semi automatic machines are available which 
will automatically serge and stack garment 
panels once the operator has fed them into 
the machine. Such equipment has guide rails, 
feed mechanisms, thread chain cutter and 
stacker. A wide variety of shapes may be 
sewn. 

Long Seamers 
Automatic long seamers using a guide rail 
are available for skirt seams. The 
operator positions the next parts during 
sewing. 

Contour Seamers are also available- with 
an overlock head which controls parts with 
slightly different contours. With this 
equipment the operator aligns the parts 
to the guides and sets the automat~c 
pre loading cloth cl.!unp ('mouse') • 

Dart Sewing 
Machines with automatic folding, clamping 
and guiding, under the control of the 
operator for pick up and stack are 
available for dart sewing. 

Skirt Henuning 
A semi automatic unit is available for 
hennning skirts. 

Buttonhole and Buttonsew 
Cam controlled machines are used for these 
two ope.rations. 

Decoration 
Embroidery or decorative stitching may be 
carried out using PROM (Programmable Rea~ 
Only Memory) controlled machines. Alternatively 
the freely programmable machines may be used. 

Blindstitch Henuning 
A stitch shortening mechanism is available 
together with thread trimming,which locks 
off the end of the seam. 

Most operations in this sector of the 
industry are best carried out on individual 
engineered workplaces. The appropriate 
machine may be equipped with'workaids such 
as underbed thread trimmer, folder, cutter, 
etc., and the operator performs the 
o~eration manually. 
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2.4~7 Tracksuits and Knitted Pyjamas 

2.4.8 

Side Stripes 
Automatic machines for attaching side stripes 
are available. The operator positions the 
panels, the stripe being fe,d from a :roll., 
Automatic cutting and stacking. A machine is 
available that works from a stack of cut 
panels. 

False Creases 
This operation may be done on an automatic 
unit wherein the operator positions the 
work aided by optical guides. Sewing and 
guiding is a~tomatic by means of rail and . 
template, followed by automatic stacking. 

Patch Pockets 
Automatic machines are available to fold, 
sew on and dispose the part after the 
operator has loaded the two parts into 
the machine. 

Assembly' 
Overedge assembLy of sleeves and legs of 
these garments may be done on a long 
seamer with special edge guide, automatic 
cutter and stacker. 

Tacks 
Automatic cam controlled line tackers are 
available. 

Decoration 
Embroidery or decoration may be carried out 
my microprocessor controlled embroidery 
machines. Alternatively PROM (Programmable 

. :Read Only Memory) controlled equipment may 
be used. 

Other Products 

(a) Tights 
In making tights, the toe closing 
operation is done automatically. 
One leg is drawn on to the former 
by the operator and· then released. 
TOe closing and disposal is automatic. 

Gusset seaming in making tights is 
a semi automatic operation, though 
work is underway to automate this. 
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(b) Knitted outerwear (Cardigans etc.) 
The inseam and side seam forming a 
long sleeved garment may be sewn 
and tacked automatically. The 
operator loads the cuff ends, the 
underarm and the bottoms of the 
side seam into three sets of 
grippers • The gripJ?ers take the 
garment to the cup seamer which 
forms the seam; the grippers then 
transfer the garment to the 
bacrtacker which tacks the endsJ 
finally the garment is transferred 
to the disposal point. 

(c) Belts 
A machine is available for the 
automatic top stitching of belts. 
At the end of the seam the belts 
are automatically counted and 
stacked. One operator can control 
two or three machines. 

Interesting technological developments of. recent years 
include edge guidance systems. The pivot point, pressure 
plate edge guidance system has been widely adopted and is 
used on many systems noted abo~e. Also available is tne 
closed loop system of feedback control.·· This is totally 
different except that it has a much greater potential for 
mechanisation/automation application as opposed to methods 
improvement opportunities. 

More frequent use of twin needle sewing machines has led 
to improvements in needle knock out mechanisms with·corner 
stitch counting equipment. 

Occasionally ~chines from other industries are foun4 to 
be useful as the semi automatic creasing and glueing 
machine from the shoe industry which may be used for 
turning over and glueing down the edge of a denim pocket 
prior to attaching it with a plain sew machine. 
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2. 5 CURRENT DEVELOPMENT DIRECTIONS 

In this section the c~rent development activities 
reported to KSA by the organisations interviewed are 
reviewed. It should be appreciated that this type of 
information is commercially sensitive, and many 
manufacturers were understandably reticent in th&ir 
rtasponses. However, it is, possible to draw some broad 
conclusions from the information obtained. In this 
phase of the interviews the questions were structured 
to obtain information concerning any work in a number 
of potential breakthrough areas. These areas were: 

Full cycle automation 
Full sequential automation 
Computer technology 
Universal parts handling devices 
Universal transfer devices 
Industrial robot applic~tions 
Three dimensional operations 
Other assembly processes 
Fabric rigidif~cation 

The conclusions drawn under each heading were as follows: 

2 .s .1 Full eycle Automation 

Many of the latest generation of 
sewing machines operate automatically 
onc_e the fabric parts are positioned 
or clamped in some device. Until, 
and unless the machines become fully 
automatic, a one operator to one 
machine si t~tion continues to 
exist, with the inherent limitation. 
on productivity discussed previously. 
In general the sewing mach!nery 
manufacturers did not report any ' 
intention to tackle the problems 
of full automation. Exceptions 
to this were machines designed to 
hem shirt fronts, to hem and 
·decorative stitch jean patch' 
pockets, and to s~w decorative 
stripes onto active sportswear. 
All these machines pick up and 
position a single part, ahd the 
pick up devices were integrated 
~ith the. sewing machine, thus 
allowing.the operator to load 
a magazine of parts and leave it. 
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Typically the respondents agreed that 
full automation of many machines was 
technically feasible, but they considered 
it unlikely that the industry would pay 
the price required to recover the 
development costs. Their efforts were 
directed instead towards making existing 
machine concepts more flexible. Examples 
of this we~e profile stitchers that could 
run and topstitch cuffs, and rail guided 
equipment where the rail was flexible 
and could be reshaped quickly to adjust 
to different profiles and sizes. 
Manufacturers see lack of flexibility 
as the most significant market barrier 
to their automatic equipment. 

Considerable development was also 
reported on more versatile and accurate 
edge guidance systems, with systems now 
available that can cope with cross seams 
in the fabric edge. One respondent 
reported a working prototype machine 
capable of picking up trouser front and 
back panels, alignin9 them and feeding 
them to an automatic seamer. Unfortunately 
no further information on this equipment 
will be available before mid 1980. 

Full Sequential Automation 

The only area in which sequential automation 
is being developed appears to be in the use 
of turret type machines for the manufacture 
of shirt collars and cuffs. Typically an 
operator loads the parts in a clamp and the 
machine then indexes the clamp to a 
number of sequential operations. The 
alternative transfer line approach does 
no~ appear to be under development at all. 
The main reason given for this was that 
such a transfer line would be vulnerable 
to machine breakdowns as the total line 
would be interlinked, and any machine 
breakdown would stop the entire process. 
~s is in fact a variation of the cost 
argument, as the development o_f 
adequately reliable machines would not 
be considered a cost effective exercise. 
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2.5.3 Oo~uter TeChnology 

It is certairi that any written statement 
concerning the state of the ~ of 
computer hardware will be out of date bY 
the time it is published. It is equally 
certain that the cost of computer 
hardware will ·continue to follow the cost 
trend that~exists at present, of 
increasing power for a given cost or 
lower costs for a given power. However, 
the comparative cost of the software for 
computers does not diminish, and is 
subject to normal effects of inflation. 
There are potential volume savings but 
the danger is that develop.-nts specific 
to the apparel industry might require 
substantial and costly tailoring to meet 
individual coupany needs. 

It is probable therefore that the 
acquisition of computer technology 
will not become cheap. Such technology 
will nevertheless be available to ~ 
increasing n'UJii)er of coq;»anies. '!'he 
main areas of development for apparel 
industry specific applic;ations are as 
follows: -

(a) Pattern Digitisation, Grading and 
Marker Production. 

· These applications are now in 
wide commercial use. Developments 
are in hand in two main directions. 
The fi.rst is computer aided 
design wherein the information 
bank is used by the designer to­
create new patterns, and where 
alterations on one pattern piece 
are automatically allowed for in 
complementary pieces. The second 
development direction is the 
extension downstream of the 
database created by the computer 
into cut planning and factory 

-loading. In general these 
developments are expensive when 

_ compared to normal industry 
investment levels. 
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(b) Control of the Supply Pipeline 

These applications monitor the 
processing of customer orders from 
receipt through to delivery and 
invoicing of the finished garments. 
Whilst the process has many 
similarities with other industries 
there are a number of requirements 
that are quite specific to the 
industry. Developments are in 
hand to make relatively low cost 
packages available to the industry. 
At present, available packages are 
limited in scope and still require 
substantial individual application 
modification. However, the 
development of available hardware 
power will lead to the creation of 
comprehensive software 'for which the 
market volume can offer the 
opportunity of sUbstantial price 
deduction. 

(c) "Real Time 11 Production Management 

These applications involve the 
capturing and processing of data 
at occurrence, as opposed to off 
l~ne processing of historical 
information. Major problems of 
these applicat~ons are the cost 
and reliability of the data 
capture mechanism, and it is in 
this area that ·development has 
been concentrated, coupled with 
continued development of the 
software. 

There are also applications where 
a computer is used to directly 
control a garment transportation 
system within a factory. Although 
this application has identical 
data capture requirements to the 
real time production management 
application, the systems have not 
yet been amalgamated. 
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2.5.4 

On balance it seems probable that 
the application of computer 
technology to the management 
~rocess will be the most widely 
affordable technological development. 
It will have a significant effect 
on small companies, particularly 
high style companies for whom the 
other major technological 
developments may appear 
inappropriate. 

universal Parts Handling Devices 

The information gathered indicates that most 
of the existing commercially available parts 
handling devices are integral with a particular 
machine or process. The device described 
earlier under development for trouser 
sideseaming is intended to have a universal 
application and to be produced in a range of 
sizes. It was also understood that a sewing 
machine co~any has such a universal device 
under development. 

2.5.5 Universal Transfer Devices 

No activity was reported under this heading. 

2.5.6 Industrial Robot Applications 

Developments in this field outside the industry 
are generally directed towards expanding the 
sensory perceptions of robots, which can now 
have vision and tactile feedbacxmechanisms. 
Experts in robotics foresee no particular 
technical difficulties in the application / 
of robots to handling within the apparel ) 
industry, particularly if the pick up and 
separate ply problem has been overcome. 
However, the safety aspects of programmed 
mechanical devices working close to human 
operators needs careful consideration. 
No developments are in hand to develop 
robot handling mechanisms specifically to 
meet the needs of the apparel industry. 
The technology is already available to 
build such devices which could be much 
lig~ter than those currently used, and if 
sufficient volume could be generated, 
could be relatively inexpensive. 
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2.5.7 Three-Dimensional gperations. 

The three-di~nsional working of a garment on 
some sort of jig, passing through a number of 
sequential operations would seem to be a valid 
approach to the automation of the more difficult 
assembly operations on most garments. Several 
companies reported research in this direction, 
but no·further det~ils were available. 

2.5.8 Other Assembly Processes 

A number of bodies are developing moulding 
processes with which they expect to overoome 
the problems of acceptance associated with 
this concept in the past. 

Also in the technologies of .welding and adhesives 
new developments are in hand aimed to make ·the· 
processes more aesthetically and technically 
acceptable. 

Alternative assembly processes, particularly 
moulding, are believed by a number of people 
to have a tremendous. potential for making the 

· industry more competitive. It is without 
doubt an area for long-term consideration that 
may have to wait for significant industry 
restructuring before its full potential can 
be realised. It is the sort of process that 
may be fully exploited by firms in other 
industries with a vested interest in the 
technology and/or the raw materials. 

2.5.9 Fabric Rigidification 

Processes are now commercially available for 
selectively stiffening fabrics as an alternative 
to complex interlining constructions. These 
processes are of course irreversible. The 
rigidification of fabric as an aid to automatic 
handling has been receiving some limited 
development attention, although current 
difficulties prevent the commercial introduction 
of· such a process. This is a genuine building 
bLock technology to the extent that reversible 
rigidification is of no commercial value un~ess~ 
the mechanical handling equipment exists to take 
advantage of the process.·. For this reason 
development cannot be expected to be rapid. 
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S E C T I 0 N 3 

THE IMPACT OF TECHNOLOGY 

·what is the potential impact of teahn.ology 

on the apparel manufacturing industry ? 



3. THE IMPACT OF TECHNOLOGY 

This section of the report first disausaes the significance 
· of technoZo~y, highZighting the rro:ny areas i.n t.Jhich 

technoZogy can impaat the apparel, TTr:J:Y~Ufaotu:r-er-. 

It aZso uses an economic model, to speaul.ate on the, 
possibZe impact of technoZogy on the profit meohanictJ 
of the typicaZ apparel, company, and on ·the ti.mita.tions 
of technoZogy and a possibZe optimum ZeveZ. 

FinaZZy, it discusses the barriers to progress, 
inoZuding the criteria currentZy used by m::magement 
in making investment decisions on net.J technoZogy, 
attitudes towards investment, and the structure of 
the industry and the way teahnoZogy rray change it. 
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3. 1 SIGNIFICANCE OF TECHNOLOGY 

A fundamental issue addressed by this study is whether the 
application of technology to the apparel production process 
can make a significant contribution to strengthening the 
European industry's competitiveness when compared with that 
of lower wage cost producers. 

Frequently an assumption is made that such a contribution 
will impact solely on the product cost, and it is true that 
product cost has been an important factor in the growth of 
the industry in lower wage areas. However, it is important 
to realise that for many produets the direct labour cost 
is a small proportion of the selling price, and direct 
labour cost. is less of a determinant than is .often 
suggested. For example, the massive penetration of the 
us shirt market by Far Eastern suppliers in the 1960's 
and 70's was due far more to the fact that fabric prices 
in the Far East were much lower, than because of low 
direct labour costs. It is interesting to note that now 
world demand and supply of polyester fibres has become 
more balapced and fabric prices as a result more compatible, 
the US .shirt making industry is experiencing a recovery and 
a return of capacity to the USA. 

Furthermore, to consider manufacturing costs as the only 
determining factor would fail completely to acknowledge 
the complexity of the apparel marketing equation, wherein 
the image of the product, the status of the sales outlet, 
fashion appeal and design features a~l play a part in the 
achievable price. 

"The right product at the right price at the right time" 
is a well worn cliche for achieving success in any 
marketing situation. In the following paragraphs the key 
benefit areas offered by the application of technology are 
discussed with reference to this dictum. 

3.1.1 Cost Reduction 

The cost of an apparel product to the 
producer is typically made up of the 
following elements: 

Fabric and trimmings 
Direct labour 
Overheads - management and 

supervision 
- equipment depreciation 

and building costs 
- cost of working 

capital 

Technology can offer opportunities for cost 
reduction in all these areas. 
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(a) Fabric and Trimmings 

The prime technology to consider 
here is that of computers. Improved 
control and planning,of the purchase 
of raw materials can reduce the 
costs of maintaining inventories, 
and can eliminate the acquisition 
of 'dead' fabric stocks. 
Wastage of trimmings can be 
controlled. Computerised loading 
of the manufacturing unit can 
help optimise the utilisation of 
fabric by maximising the 
quantities cut at the same time. 
Computerised marker making can 
help to ensure that the best 
utilisation of fabric is achieved. 

(b) Direct Labour 

Direct labour cost manifests 
itself in two main ways in the 
garment. These are the intrinsic 
work content of the product, and 
the excess costs due to process 
inbalance, defects, breakdowns, 
training and other management­
controlled factors. 

Product technology has and will 
continue to reduce the WOJ;k 
required to put the product 
together, artd technology can 
reduce the intrinsic work 
.content by improved machines, 
fully automatic equipment, 
elimination of certain processes 
and so on. Interprocess 
handling can be reduced or 
eliminated with automatic· 
transportation systems. 

Computer technology will 
increasingly make a contribution 
to reduction in management 
controlled excess costs by 
improved loading and real-time 
monitoring of the process, 
allowing quicker management 
response to problems. 
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{c) Overheads 

The acquisition of high technology 
equipment will add to overheads, 
particularly in the maintenance 
and depreciation of equipment. 
However, real time computer 
monitoring of the process can­
extend the effectiveness of 
existing management. It i$ 
likely that the high technology 
factory of the future will be 
much more compact than current 
factories with very much higher 
outputs per square metre. 
Improved controls will allow 
the manufacturing facility to 
run with a lower work in process 
level thus reducing the working 
capital requirement. 

3.1.2 Quality Improvement 

Any discussion of quality in garment inanufacture 
must recognise the differing aspects of quality, 
namely design quality and manufacturing quality. 
Design quality is reflected· in the style, fit 
and durability of the finished product, whereas 
manufacturing quality is reflected in the 
success of the production process in 
consistently achieving the target design 
quality with the minimum number of rejects. 

Computer aided design is still in its infancy 
in the garment industry though development is 
rapid. Advances, in automatic pattern grading 
offer some_solutions to the problems of 
achieving consistency of fit across a range 

·of sizes. 

In the manufacturing process, fully automatic 
machines offer a quality consistency 
unobtainable with human operators. The new 
generation of cutting equipment illustrates 
this. Technology can also offer sophisticated 
monitoring devices that will detect poor 

~ stitching quality right at the sewing head. 

Technological development can also enable 
features to be included in a garment that 
would previously hav~ been confined to 
higher priced merchandise. An example 
of this is the familiar "hand" edge 
stitching machine process used on outerwear. 
A more recent example is the use of a 
presser foot knitting machine with the 
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"Pfauti" technique to produce 
knitwear with absolute accuracy of 
pattern matching across fronts, back 
and sleeves. 

3.1.3 Customer Service 

As far as the apparel manufacturing 
industry is concerned the customer is 
usually not the end user, but a retail 
buyer. Although such buyers place a 
high importance on price, service 
factors such as on-time delivery, 
consistent quality and rap~d response 
to fashion trends also have a 
significant influence on the buying 
decision. Buyers currently using 
Far Eastern and other lower wage cost 
producers often have. to accept many 
compromises in the products themselves , 
in the lead time foz: deli very and in the 
order quanti ties. required. Significant 
improvements in these areas could 
create a situation where the value to 
the buyer of a reduction in his own 
risk more than offsets the price 
advantaqe he gains from the offshore 
purchaser. 

Computerised systems of.loading and 
scheduling have a tremendous potential 
for assisting both the accurate 
specification of delivery dates and the 
achievement of them. The production 
control process within many style 
manufacturers is a bewildering array of 
conflicting requirements.involving fabric 
availability, material utilisation, 
delivery needs, load optimisation for 
both cutting and making up, combined 
with ~ay-to-day variations in the actual 
. capacity of the factory. Computers can 
greatly assist the production controlier 
by analysing the effect of a much wider 
range of potential combinations than would 
be possible manually. 
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These procedures can also influence 
response times by facilitating the 
processing of garments required quickly. 
Furthermore, advanced production control · 
systems allow factories to run with 
considerably lower work in process. 
As it is th~ work-in-process level that 
has the greatest influence on 
throug~put time, such units would have 
a quicker throughput for all garments 
not just priQrity items. 

3.1.4 Product Innovation 

The fourth area where technology can improve the 
competitiveness of the European manufacturer is 
in product innovation. Under this heading should 
be included such things as: 

Special fabric effects unobtainable 
with conventional 1 equipment such as 
the three dimensional effects 
obtainable with presser foot 
knitting. 

Improved shape and fit with reduced 
b~lk obtainable from fabric moulding 
processes. 

Direct fibre to garment processes 
wherein non woven fabrics are 
produced in garment forms with no 
intermediate piece. goods stage;" 

, thjs would have significant impact 
on protect! ve clothing for example •' 

Direct yarn to garment processes. 
A number of manufacturers have 
technology available for virtually 
complete production of garments on 
knitting machines. This has the 
double benefit of reducing yarn 
wastage and elimdnating labour cost. 
Such techniques also allow the 
production of garments otherwise 
impossible to produce. 

Products in which sewn se~ms have 
been replaced by welded or bonded 
seams. In the past , there has been 
a number of aesthetic objections to 
such processes, but many of these 
objections will be overcome as the 
technologies develop. 
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When dealing with processes which_require actual 
changes in the product it is of course necessary 
to ensure that such changes are acceptable to the 
buyer. This is a.marketing problem which must 
be faced by all innovators. 

3.1'.5 Risk Reduction 

The improvements in response times discussed 
above also have an impact on the level of risk 
borne by the manufacturer. This is because it 
can make it possible for him to carry a lower 
~tock level to offer the same degree of service 
to his customers, it reduces his work in process 
costs and it allows him to respond to more 1 

immediate market demands. Above all. it allows 
him to commit the fabric near the time of sale. 

3.1.6 Job Enhancement 

The apparel manufacturing industry has a poor 
record ·for labour retention when compared 
to other industries,· and pay levels, while 
improved in the last decade,still lag behind 
the majority of other industries. The 
introduction of high-technology, high output 
equipment. should offer the opportunity to 
create more responsible and better paid 
jobs, analagous to machine setter/minders 
in the engineering industry. A consequent 
reduction in labour turnover would diminish 
a significant source of cost to the industry. 
From the same source training times'will be 
significantly reduced. 

It is apparent that technology can offer many benefits other ' 
than merely cost reduction. Product appeal and a ·rapiq 
response to market demands play an important part in the 
marketing equation and the improvements that technology can 
offer in these fields should not be ignored. 
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3~2 THE IMPACT OF TECHNOLOGY ON THE APPAREL MANUFAcrURER 

It is clearly difficult, if not impossible, to generalise in a 
study of this nature, on the potential impact of technology on 
the apparel manufacturer. The impact will vary considerably 
according to the cost-benefit relationship of the technology 
itself, the product, the nature of the market, the financial 
structure of the firm and above all the level of performance 
the company has already achieved. 

The latter point is particularly important, as so much of 
existing equipment available to the industry is sold on the 
basis of savings compared to a performance level, which, 
with better methods and management, can often be improved 
by 20%, 40\ or more, without any change in the basic 
equipment or investment • 

In order, to illustrate the potential impact of 
technology, KSA has developed a simple model based on the 
basic profit mechanics of a typical apparel manufacturer, 
owning its own assets, and operating at relatively high 
performance levels. The model is in the form of a profit tree 
showing the return on capital employed, and its components. 

To build the model has required that certain assumptions are 
made as to the effects of various degrees of technology 
investment on the key areas of impact. These assumptions 
are based on KSA's exp~rience and a consensus of consultants' 
experienced in apparel manufacturing and technological 
innovation in this industry. 

The model is constructed for each of three levels of 
technological investment. In the first level it is assumed 
that investment in hardware per direct operator is increased 
by a factor of 3 times - referred to as medium technoZogy. 
In the second leve~ it is assumed that investment in hardware 
per direct operator is increased by 7 times ~eferred to as 
high technoZogy (i.e. if today's.technology as applied by-a 
typical apparel manufacturer averages $2500 per operator, 
it would be $7500 in the medium technology model and 
$17,500 in the high technology model). 

It has then be necessary to assume a relationship between 
technology investment and reduction in labour content, and 
this assumed relationship is illustrated in Fig. 3.1. It 
will be seen that an increase in investment per operator 
of 3 times today's level is assumed to produce a 25\ 

reduction in labour content and an investment at 7 times 
today' s level per operator is assumed to produce a S-0\ 
reduction in labour content. 
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Obviously any such assumption on this relationship for 
technology not yet developed is highly speculative, but 
there is some equipment on the market which on single, 
operations ts producing cost-benefit ratios in this 
pattern. The model, of course, assumes that technology 
can be developed which produces such a relationship for 
the whole product, across all operations. 

In order simply to illustrate the limitations of the 
process of technological investmen~ the model is also 
constructed at a third level or super technoZogy level, 
with an investment of 20 times today' s level per 
operator with an assumed reduction in labour content 9f 
75%, in accordance with Fig. 3.1 

In Fig. 3.2 the assumptions are given of the impact on 
each of the main areas discussed previously, at each 
of the three levels. It will be seen that the model 
assumes a significant average earnings increase for 
the reduced labour force; it also allows for an increase 
in maintenance costs. The effects on overheads are 
considered, first from the additional depreciation of 
eqUipment, and secondly from reduced inventory carrying · 
costs. 

Quality improvement, customer service improvement and 
product innovation are assumed together to give an 
opportunity to increase sales and improve average price 
levels up to the high technology level, but no further 
improvement is assumed possible at the super-technology 
level. 

Risk reduction is considered to provide a reduction of 
inventory levels at the different levels of technology 
as indicated. Job enhancement is considered to reduce 
labour turnover and absenteeism with an appropriate 
additional reduction in labour costp up to the high 
technology level. 

The model itself takes the form .of a_ profit tree, by 
computing the ingredients of return on capital employed 
(ROCE). This model is illus.trated in Fig~ 3. 3 for a 
typical well-managed apparel manufacturer, effectively 
using currently available technology. Based on the 
assumptions in Fig. 3.2, the profit tree is recalculated 
for each of the three technology levels in Figs. 3.4, 
3.S;and 3.6 respectively. The details of the 
calculations can be seen in Appendix II. 
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The main conclusions xrom the model are as follows: 

1. If the ass\.uned relationship between the 
investment and labour content holds, then 
technology will offer an opportunity for 
apparel manufacturers to either 

increase profitability 
or reduce prices by as much 
as 10% below those achieved 
by the most efficient companies, 

. and still maintain profit margins 
at levels adequate to the nature 
of the apparel business 

While a 10% price reduction may not at· 
first sight indicate a competitive 
reduction vis-a-vis low labour cost 
countries, sourcing studies carried 
out by KSA for a variety of products 
show that where the fabric is sourced 
at the same price, and after allowance 
for transportation, normal tariffs and 
other charges, the real difference in 
cost between best domestic practice and 
low cost imports is often of this order 
and rareiy higher, subsidised products 
apart. (Some exceptions certainly exist 
at the fringes of .the range of products 
such as very specialised, high work 
content products) • If the domestic 
product has non-price' advantages, as 
discussed in Section 1, then an erosion 
of the cost differential of 10% will have 
a significant impact on the industry as a 
whole. ' 

Perhaps more significantly, the higher 
technology company will be able to include 
more items in its product mix which are 
competitive with low cost imports than is 
possible today, without reducing 
profitability td unacceptable levels. 

2. Technology with the assumed impacts is affordable, 
in that increases in capital employed are covered ~ 

by the additional cash flow (additional profit plus 
depreciation of the.increase iri fixed assets) 
within a period of -

1.2 years in the medium technology model 
1.2 years in the high.technology model 
1 • 7 years in the sul?er technology model 
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3. If such technology becomes available, 
the ratio of fixed assets to working 
capital changes as follows: 

0. 76 in the base model 
1. 75 in the medium technology toodel 
3. 42 in the high technology model 
4. 75 in the super technology model 

thereby assuming the pattern of capital 
intensive industry, . and the relative 
attractiveness of such industries to 
financial institutions. 

4. If it is assumed that at today' s level 
the average investment per operator is 
$2500, then the average investment per 
operator is computed to be: 

$7, 500 in the medium technology model 
$17,500 in the high teChnology model 
$50, 000 in the super technology model 

5. There are obvious limitations to the impact of 
technology, · and there is logically an optimum 
level to strive for. The assumptions made will 
of course dictate the conclusions of any 
model of this nature. In order, however,. to 
speculate on these limitations and on the 
optimum level of technology, the model has 
been extended to investment levels at which 
depreciation costs exceed contribution. In 
extending the range of application of thll!. 
toodel, it is assumed that: 

there can be no reduction of work 
content beyond 80%, reached at an 
investment level of x 30 of the 
base JOOdel 
the impact on sales, price increases, 
inventory reduction and material · 
utilisation do not improve beyond 
that in the high technology model 
indirect labour cost would double 
in order to reach ~e 80' level 
average earnings would increase by 
70% at the SOt level. 

The result of applying the madel to these 
assumptions is shown in Fig~ 3.7. 
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It will be seen that return on capital employed 
{ROCE) and return on sales (ROS) peak at a 
level of technology where investment per operator 
is betWeen 8 and 12 times the base model level. 
On the same assumption that current hardware 
investment per operator in the industry is. 
approximately $2,500, the model suggests that 
the most viable level of technology investment 
will be ~n the range of $20,000 to $30,000 per. 
operator, assuming of course that the cost-benefit 
relationship in Fig 3.1 holds good, as technology 
applications develop. 

This level-of investment, at today's prices, would 
create a capital intensity equivalent to that in a 
number of relatively sophisticated manufacturing 
industries such as textiles and ele.ctrical and 
electronics assembly. 

It will be clear that such conclusions ~re dependent on the 
assumptions about the impact of technology on different aspects 
of the apparel manufacturer's business. No claim is made that 
the assumptions used here would necessarily be more Yalid than 
others that might have been selected, although they fit KSA's 
observations and experience. It .is hoped tha·t the approach 
might be developed and used by the technology industry and 
the apparel manufacturers, on the basis of their own 
assumptions and as a guide to creating a level of technology 
which fits the needs and commercial realities of the apparel 
manufacturing_ business. ~ 
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KSA POTENTIAL IMPACT OF TECHNOLOGY· ON PROFIT MECHANICS 
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KSA POTENTIAL IMPACT OF TECHNOLOGY ON PROFIT MECHANICS FIG. 3.5. 

Sales G;] 
Contri- [;] bution 

Variable ( 74. 7) 
Costs 

-Profit Fabric 8 Trim 

[;] 
Fixed 
Costs 

r---w ~ 
ROCE ---

I I 
48.0% L 20.5% lAOS 

--..J 

[;] 
~'-Working 

Capital 12.2 

1 (20.4)1 

._Capital 
Employed 54.0 ~ 

rdwara G 
._Fixed 

Assets 

B 
MODEL 2 HIGH TECHNOLOGY INCREASING INVESTMENT PE.R 

OPERATOR BY 'FACTOR OF 7 



-

\ 

3. 1.7 

KSA POTENTIAL IMPACT OF TECHNOLOGY ON PROFIT MECHANICS FIG. 3. 6 
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3. 3 THE BARRIERS TO PROGRESS 

While the technology model illustrates a situation which would 
be different if other assumptions are made about the impact of 
potential future developments, its overall findings are 
considered to be of sufficiently general validity as an 
indication of the future paths which the apparel manufacturing 
industry must tread if the technology is made available and the 
industry is to benefit fro~ it. - There are, however, aspects 
of the industry which need to be understood by those who will 
.be concemed with technology development and its effective 
application. 

There are three main barriers to progress which should be 
taken into account, assuming the appropriate technology 
becomes available. These barriers are: 

Criteria for Investment as Applied 
to Today' s Technology 

Attitudes to Investment 

The Structure of the Industry. 

3.3.1 Criteria for Investment as Applied to Today's Technolo9X 
..,_ 

There are a number of criteria which management 
may apply in determining the validity of 
hardware investment. The most common ones 
used are: 

Return on investment, or pay-back 
period 

Flexibility 

Improvement in quality consistency 

Reduction in training times and turnover 

Reduction in labour requirement to offset 
labour shortages 

Servicing and maintenance 

Exposure to the technology 

• · Cash flow and cost of mon~y. 

(a) Return on Investment 

Most apparel managements will compute, 
whether on a simple pay-back basis or 
with more complex DCF approaches, the· 
ROI from e_quipment expenditure. 

/ 
I 
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Some firms will have·a target, such 
as 2.years pay-back,. although many are 
appreciating that longer pay-back 
periods may well be justified if other 
benefits accrue, and if their business 
as a whole is making substantial 
returns so that longer pay-backs on 
equipment will not dilute their return 
on capital employed. 

The technology available today is often 
difficult to justify on a high pay-back 
basis unless high volumes are available. 
The availability of technology requiring 
high volume to justify it will have an 
impact on the structure of the industry, 
as is discussed later. 

As long as the pick-up and position 
problem, as discussed-earlier has not 
been solved, the current generation 
of automatic equipment (pocket setters, 
parts assembly, profile stitchers etc.) 
will still require one operator to a 
machine, so that the labour content, 
while reduced due to higher output, 
will not on the whole meet the ROI 
criteria of many companies. If 
volume is high and multi-machine setups 
can be justified with one operator 
tending several machines, using the 
cycle time of one to load another 
then the ROI becomes much more 
attractive. 

There is there·fore a volume threshold 
for much equipment today because the 
equipment itself is specific to one 
operation only. 

It must also be said that much equipment 
is sold on a pay-back basis comp~red 
with the aur.rent level of performance 
on existing equipment, when that level 
can itself be improved by 20%, 40% or 
60% by better industrial engineering 
and workflow controls. Management is 
increasingly aware of this factor, which 

. makes it necessary to justify ROI on the 
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more realistic basis, of comparison with 
what is avhievable with existing 
technology, rather than with what is 
being achieved in the particular plant 
at the"~time the comparison is made. 

(b) Flexibility 

The lack of flexibility in today's 
technology, is probably the single 
biggest barrier to progress. Except 
in the most staple parts of the 
apparel ;ndustry, it is not possible 
to guarantee that a particular feature 
or operation will be required in the 
following season or in subsequent 
years· (e.g. pocket setting on shirts). 
Thus some manufacturers require a 
1-season pay-back before they will· 
invest in specialised equipment of 
that nature. 

While flexibility of specialised 
equipment is increasing, it is 
essential to get away from the one~ 
operation machine before this 
criterion for investment will cease 
to be a major barrier. 

Electronics, rather than mechanics, 
for control and guidance offer a 
major breakthrough opportunity for 
more flexible machines, but meanwhile 
management will continue to resist 
investment in inflexible hardware. 

(c) Improvement in Quality Consistency 

Much of today' s technology s.ells on the 
basis of being able to provide quality 
consiseency greater thap that with 
conventional machinery. Profile stitchers, 
automatic cutting, pocket setters; fly 
stitchers, automatic pressing, etc. all 
provide a consistency of quality which 
only the most skilled operator can 
match on a regular basis. 

New constructions of garments as well 
as market requirements are putting 
an increasing premium on quality 
consistency. Furthermor~, automation 
of new operations will be dependent 
on greater consistency of prior operations 
in the sequence, from cutting onwards. 

3.21 
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In commercial terms there are many 
manufacturers who have used technology 
to enhance the quality of their 
product. Much of the equipment with 
this feature provides little or no 
direct labour saving but makes·a 
substantial contribution to the 
marketability of the product. 

(d) Reduction in Training Times 

One of the increasin~ly·appreciated 
benefits of.technology is reduction 
in training time. Labour turnover 
in the apparel industries is often 
in excess of 60%. Much of the 
turnover is among trainees where it 
may be 100% or more. Even at 50% 
the typical 300 operator company is 
employing 150 people each year at a 
cost in lost production of the order 
25% of total capacity of the plant. 

Training times with today's·most 
advanced technology can often 
be reduced by 75% with a significant 
impact on labour co~ts and n~eds. 

Much of the newer technology has made 
a substantial contribution to 
reducing trainir.g times in the making 
of parts, in the setting of pockets 
and in profile stitching, but the 
assembly operations of more complex 
products still benefit little from 
technology as far as training time 
reduction is concerned. 

; I 

This criterion will continue to be of 
importance to apparel manufacturing 
management, and increasingly so if 
at the same time the job can be 
enhanced by using savings to pay 
higher wages for more sophisticated 
responsibility (for example, for 
setting up and monitoring automat~c 
equipment over a number of operations) • 

(e) Reduction in Labour Requirements to Offset 
Labour Shortages 

In many high wage countries there is a 
growing shortage· ~f labour available to 
the apparel manufacturing industry. This 
is partly due to low pay relative to other 
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(f) 

-· 

(g) 

. , I 

employment opportunities, to,departure 
_of foreign workers in some countries 
since the oil crisis and to the 
perpetual waves of shrinkage of the 
industry following each recession, 
resulting in higher imports and a 
smaller pool of people with the 
apparel skills needed with today's 
technology. · 

Many managements have reduced their 
investment criteria by increasing 
acceptable pay-back periods, prov~ding 
that there is an adequate contribution 
to the reduction in overall labour 
requirements. The cost of having to 
relocate or open new, smaller plants 
is to be seen as a penalty-avoided 
if output can be increased or the 
labour requirement decreased. This 
opportunity cost does not enter into 
normal ROI calculations, but 
nevertheless it influences management 
decision-making. 

Servicing and Maintenance 

one of the important barriers to technology 
is the standard and availab.ili ty of 
serv.ice. The apparel manufacturer must 
increasingly expect a h.igher level.of 
service for sophist.icated equipment and 
h.is perception of the s~pl.iers' ab.il,ity 
to provide th.is will often be a key 
cr.i ter.ion in the investment de-cis.! on. 

He w.ill also cons.ider the need to build 
up hi~ own maintenance capab.ility -
a task wh.ich is difficult' to accomplish 
,in many traditional apparel areas, and 
the cost of which.is often neglected 
,in ~ssess.ing the impact of new te~hnology. 

Exposure to Technology 

A non-f.iscal but .important psychological 
cr.iterion for investment is tbe opportun.ity 

. to ga.in exp·osure to new technology. Many 
managements believe that wh.ile they cannot 
j~tify equipment on an ROI b~sis, they 
must experiment -and get experience on 
which to base their future manufacturing 
strategy. There is sometimes an 
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element of me-too investment and 
such motivations cannot be ignored. 

(h) Cash Flow, the Cost of Money and Subsidies 

Obviously the company's cash flow and 
interest rates have a major influence 
on the timing and size of investment 
decisions. The general health of the 
industry has a ~ignificant bearing on 
the speed at which it will make 
progress towards using available 
technology. 

Different countries have different 
rules for depreciation and there have 
been a variety of subsidy-schemes 
available, which have had an impact 
on equipment purchases. The impact 
of depreciation rules may be a 
significant area for ~eview by the 
EEC in determining a consistent basis 
fo~ enco~aging the use of available 
technology. 

I_n discussing these criteria applied by management 
l to. technological investment, it must be understood 

that one of the,keys to getting a high return from 
such investment lies in the engineering of the 
environment of the equipment. Environmental 
engineering includes the flow of work controls, 
the -supervision of the allocation of operators, 
the loading of the equipment, the design of the 
workplace and the incentives provided to the 
operator. ·The environment in these respects 
~s often inadequate and must receive pro~r 
attention if technological investment decisions are 
to pay off. 

I~ this connection KSA believes that there are two 
concepts which assist management make the right 
investment decisions - these are the concepts of 
teverage and time span. 

The leverage of a specific i~rovement is the 
:i.Dpact of improvement on the financial performance 
of the business. The time span is the time it takes 
to get the result. 

In general, work with peopLe in this industry has 
high leverage and a low time ·span-- .i.e. the results 
are large and the time taken to get them is small. 
Investment in much of the equipment on the market 

• 
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1. 

2. 

3. 

4., 

5. 

6a 

7. 

8. 

has a low leverage but a short time span, 
in that the ROI is low, but impleme·nta~ion is 
quick. Some specialised machinery developed 
to dramatically reduce the manual element of 
high work content operations has had a high 
leverage but invol ~s a long time span 1 in 
this category might be included equipment 
developed for making specialised products in 
total, such as gloves and T-shirts. Succes·sful 
breakthrough technology will, by ~finition, 
have a high· leverage but inevitably a long 
time span. ' 

Fig.3.8 gives some ex~l~s of time span and 
leverage for different activities to illustrate 
the point. MaJ.tagement must in its day-to-day 
efforts concentrate on high leveraqe low time 
span activities. Breakthrough technology must · 
have ·high leverage to be justified but, because 
of its inevitably long time span, ,cannot claim 
the attention of ordinary commercial companiea, 
therefore ~ing it an appropriate focus for 
central or Governmental s~port. 

The rate of decline of the high cost apparel 
industries is such that the threshold at 
which it becomes difficult to maintain an 
indus try with confidence to invest and an · 
ability to recruit and attract high calibre 
management will be re.ached.within an 
undetermined but finite time. This period 
may well be of the same order of magnitude 
as the time ·span required to develop breakthrough 
technology, a consideration which might place 
the development of breakthrough technology 
in the forefront of these strategies for thi·s 
industry in which. Governm_ent has a hod. 

EXAMPLES OF LEVERAGE AND TIME SPAN FIG. 3.8 

~ Leverage Time Sft!!. 

Intensive Operato~Training High 20 - 30 weeka 

Performance Development Programme * High 12 - 1S weJca 

Production Engineering High 6 - 12 •ntha 

Material Utilisation . High 8 - 12 weeka 

E.D.P. Applications Medium 2 - 3 years 

Proprietary Equipment Low 3- 4 

Developed Equipment Medium 2 - 3 

~reakthrough Technology High 3 - 10 yeara 

* denotes a programme of supervision training and improving work 
flow control to raise operator utilisation, eliminate bottlenecka 
and· improve management control in a making-up unit. 



;.3.2 Attitudes to Investment 

.. 

If the EEC, or others, are to try to accelerate 
the pace of acceptance of technology there needs 
to be a process of education and promotion of 
the cause of technology. There is an increasing 
understanding of the economics of technology but 
there are entrenched attitude·s to be overcome 
before technological innovation will become 
widely acceptable. This syndrome is more 
prevalent in some countries than others. 
There is no doubt that the German industry 
far more readily accepts technological change 
than does the UK industry. The high cost of 
German labour is no doubt a contributing factor. 
In the USA the largest firms are in the forefront 
of technological developments. The majority of ~ 

firms in European countries do not yet operate 
within 30% to 40% of what is achievable with 
current technology. There are reasons for this 
which should be understood, again emphasising 
that the degree to which they apply varies 
significantly from one country to another. 

· The two main attitude barrier:~J to progress 
are scepticism and apathy. 

KSA defines the soepticism gap as a lack of 
understanding of what is possible. Companies 
often accept performances well below what is 
achievablei either because they do not believe 
that higher performances are achievable or because 
they rationalise their low performance by 
assuming the conditions, style changes, size 
flexibility, quality etc~ demanded by the 
marketplace are s~fficiently different to justify 
the lower performance~ 

This industry must indeed shape its technolo'gical 
investment and its manufacturing systems in a way 
which r~flects the conditions imposed by the 

•;~ marketplace, and factors such as style mix have 
l a considerable influence on what is achievable. 

But for any given set of circ~t:ances there is 
an optimum level of investment .t'n1 technology and 
an appropriate performance level for that 
technology. As such levels are often significantly 
higher than those actually achieved, there is a 
need for constant effort to bring the average 
of the majority of companies nearer to th~ best. 

~/ 
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If this is not done· it will continue to distort 
attitudes to.new technology and the scepticism 
gap will prevent new technology from being 
accepted, wi~h unfavourable impact qn the 
high-cost_countries' industry as a whole. 

Apathy is a by-product of scepticism and of ~. 

erosion of confidence. KSA has referred to the 
apathy chasm to reflect the depth of the 
problem. There is a large section of the 
industry which does not have the confidence 
to invest. Management in this section believes 
that the Far East, or the u.s., or some ~ther 
manu~acturers can do things that it cannot. 
The apathy chasm has come about as a result 
of import penetration, the feeling that the 
industry is expendable, the confidence-erosion 
of inflation, periods of price control and 
"stop-go" . policies. It is significant that 

· on the whole those countries with less problems 
in these areas have accepted technological 
change. more ~eadily and have displaye4 the 
confidence to invest-in technology. 

As far as the apparel manufacturing industry 
in the EEC is concerned it will be important 
to influence the environment in a way which 
reduces the apathy chas~ if investment in 
development of breakthrough technology is to 

. pay off. 

3.3.3 The Structure of the Industry 

Finally, in the discussion of Bar!lie'Ps' to Progress 
reference must be made to the structure of the 
industry. In most countries the structure is 
roughly as shown:in 3.9. 

TYPICAL APPAREL INDUSTRY STRUCTURE FIG. 3.9 

' ' SIZE OF COMPANY OF ESTABLISHMENTS OF EMPLOYEES 

Up to SO 75% 24\-

51 to 100 10% 16\ 

101 to 290 9% 22\ 

201 to 500 3% 21\ 

· 501 to 1000 2\ 10\ 

Over 1000 '1\ 7\ 
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The industry is still people-intensive. If 
technology is to play the part which is suggestea 
then the structure ~ill change. Technology alone 
will not bring about the pressures for ch~ges, 
many of wpich already exist. 

For large apparel companies today ther$ 4re 
advantages which did not exist 10 or 20 years 
ago. These inc! ucle : 

international marketing and 
consumer franchise needs the 
financial muscle provided J;>y 
size. 

the ability to source 
internationally to offset 
changes in cost structure 
of different sources is a 
facility more readily available 
to the large firm • 

. top quality management is more 
likely to be attrac~d to the 
larger firm. 

diversification of product and 
channels, properly organised, 
give the large firm a 
significant advantage in 
economic downturns. 

the larger firm enjoys economies 
of scale as technology becomes 
more important, and it is more 
able to finance the lonqe~-term 
pay-offs. 

As will be seen from the models developed in Figs. 3,.3 
to 3.6, fixed assets as a.proportion of capital 
employed is 43% for the base modei (to~~y 's 
te.chnology) 63% for the medium tecpnology 
apparel manufacturer, 75% for high technology 
company and 83% with "super technology". 

In other words, if breakthrough technology becomes 
feasible the apparel company will become capital 
intensive, with a ratio of fixed assets to working 
capital of arolll)d 3 : 1 or 4 : 1 coJII)ar•d .with 
0.8 : 1 today. 
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It will thus become an industry where managing 
capital will become at least as.important as 
managing 'people. At present the leverage dn 
profitability in an apparel company is in 
managing people - the difference between the 
excellent and the average is in this area, 
not in technolqgy. 

Thus machine utilisation will become important · 
and the question of shift-working will be 
raised. At present, studies on the benefit 
of shift-working have shown them to be 
minimal, ,not because machine utilisation is 
not improved but because the "people management" 
content of the management task is so high, and 
the availability of good people management is 
low, so that the shift-system cannot easily be 
made to pay-off. Shift-walking brings with it 
social costs and needs additional management 
resources, so it is only in a situation where 
the people management content has been reduced 
and the capital management content increased 
that the benefits of spreading overhead can be 

. obtained. There can be little doubt that such 
conditions·would provide a major competitive 
advantage to the high-cost apparel manufacturer. 

So it is speculated that any acceleration in the 
development of teChnology wil~ impact the 
structure of the industry. The large firm 
will be able to capitalise on new production 
equipment and the small firm -will be able to 
manage its flexibility at lower cost and more. 
effectively. The result will be an increase 
in the number of large firms. The small firm 
will continue to prosper in its specialised 
market niche. The medium-size 'firm may well 
become the victim of change, with insufficient 
advantages of size to take advantage of technology 
and marketing punch, and without the flexibility 
and low overheads of the small ~irm. / 
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S E C T I 0 N 4 

POTENTIAL BREAKTHROUGH TECHNOLOGY 

In whiah areas of technoLogy is there promise 

of significant 'breakthrough' in terms of 

ach~eving substantiaL competitive advantage 

for high-wage cost appareL produeers, and/or 

of contributin~ significantLy to meeting 

the suaaess criteria of the individuaL 

manufactUring enter,prise ? 

• 
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4. POTENTIAL BREAKTHROUGH TECHNOLOGY 

This section of the report starts with a desc~ption of 
the "technoZ.ogy business" and the nature of the investment 
invoZ.ved in deveZ.oping technol.ogy., an understanding of 
which is necessary if that business is to be more 
effectiveZ.y harnessed to the needs of apparel. 
manufacturing. 

There then foZ.Z.ows an account of those future deveZ.opment 
directions which as a resuZ.t of this study seem to offer 
the most promise. First the criteria for fUture · 
deveZ.opment are discussed., fol.lowed by identification 
of the key task areas. 
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- INFRASTRUCTURE OF TECHNOLOGY DEVELOPMENT 

4.1.1 The Nature of tQe Technology Business 

The technology business is defined as consisting 
of those companies which manufacture and market 
production equipment for the sewn products 
industry as well as those technology companies 
which have tne potential to develop such 
equipment.' Like any manufacturing business, 
the important factors in their success are 
volume, prof! tabili ty, and product line 
relevance. ·Research and development is a 
costly part of their expense of doing business, 
and quite naturally, the less they do in order 
to 'build and maintain a given sales volume, the 
more profitable they will be. They invest in 
research and development in order to either 
increase their volume or to protect themselves 
from the erosion of their volume by the 
obsolescence of their product line. Their 
product line becomes obsolete primarily because 
someone else is doing more and better R & D than 
they are doing. 

The economics of sewing equipment R & D is 
complex. Manufacturers do not wish to make 
R & D investments unless a market analysis shows 
that a reasonable volume of machines can be sold 
in order to recover their investment in R & D and 
to make a profit. 

The really successful R & 0 which has been done by 
the sewing equipment companies has been centred 
on special purpose machines to per~orm individual 
operations on specific products. Examples of this 
are the shirt patch pocket setting machine, the 
automatic belt loop attaching machine for jeans, 
and the shirt collar band creasing and collar 
assembly system. · The research and development 
project applicable to a number of pieces of 
equipment such as the needle _positioner is at the 
other end of the R & D spectrum. In order to 
develop special purpose equipment, the equipment 
manufacturer must look to the future market for 
the product he is focusing on and he must make some 
estimate of the potential payback to the apparel 
manufacturer and therefore the range of selling 
prices that the machine, if successful, can f~ll 
into. 



So, the eq~pment manufacturer may first look at 
the product, for example shirts, and look at the 
various operations on the shirt to see which, if 
any, will lend themselves to the development of 
a new spectal purpose machine·for ~is sub­
industry. Having selected the product and the 
operation, and carefully investigated the 
market, he then must make a research and 
development gamble which involves investing 
money without knowing whether he will be 
successful or not. 

Clearly, for the past two decades, the equipment 
people have been careful about selecting'those 
operations and those products which would yield 
a market for the equipment which they have 
developed. They have also carefully chosen 
those operations which lena themselves to 
research and development within the available 
state of the ~rt technology. 

An equipment manufacturer is very reluctant to 
enter state of the art R & D in that he is 
really gambling with little economic basis 
and also stands the risk of not having exclusivity • 
if he is successful. 

For this reason, most state of the art technology 
in many industries in recent decades has been the 
result of research and development either fina~ced 
by Government or by an industry. This research 
and development is then made available .. to the 
commercial equipment manufacturer who brings it 
to the market place in the form of -a machine 
developed for a specific operation and product. 

In addition to the developer of equipment, there is 
the in-house R & D department of some apparel 
manufacturers, where a similar, but even more 
limited situation exists. These researchers are 
constrained to developments specific to the 
product of the company which employs them. 
They must also be careful in their investment 
strategy because they have a limited market within 
their own organisation for the equipment they 
develop. A few exceptions to this are those 
companies who have developed equipment and then 
either sold it to the industry at large, or to an 
equipment company. 
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The most successful equipment developments have 
really been-joint efforts by a firm producing 
a particu+ar product and an equipment company 
which has the resources and the economic 
motivation to go forward with an R & D program. 
They get inval~able assistance from an apparel 
manufacturer interested in working with them in 
developmental process. The apparel manufacturer 
brings to the R & D effort hi~ knowledge of the 
product, its quality and cost structure needs. 
Furthermore, it takes an interested, motivated 

·apparel manufacturer to make a new development 
work. ~e introduction of the new equipment 
into ·the manufacturing process often requires 
changes to prior or subsequent operations and 
it, always includes a major effort to "sell" 
the changes to the many operators, supervisors 
and mechanics involved. 

In discus.sing the nature of the equipment 
_industry, it is also important to point out 
the limitations of the maintenance mechanic 
and technician situation. Equipment developers 
are reluctant to develop equipment which is 

• more sophisticated than can, in their opinion, 
be maintained by the average apparel factory 
staff. They understand that there are some 
shortcomings here, and that their new 
equipment will not be successful if it fails 
to achieve projected reliability with the skill 
available in the factories •. Furthermore, some 
equipment salesmen are reluctant to sell highly 
sophisticated equipment even when it becomes 
available because they have had bad experiences 
with the equipment failing to perform as 
advertised under the relatively unskilled h~ds 
of apparel manufacturing mechanics. They would 
prefer not to antagonize their equipment customer 
by delivering to him a sophisticated machine which 
does not do the job. 

Perhaps this is one reason why some technology 
which_ is available and-offers a good return on 
investment is still not in use in much of the 
apparel industry. However, it must also be said 
that there are successful parts of the 

·technology industry, especially those in the 
customised equipment business, which are using 
available technology which is more advanced 
than that used by the suppliers to the apparel 
industry. 
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It is valid when discussing the. technology 
business to examine·the typical criteria that 
the suppliers use when evaluating the benefits 
to the sewing industry, as this obviously 
plays ·a significant part in decisions whether 
to develop particular products. This 
information was requested of the suppliers 
interviewed during the study. The range of 
responses showed that 'the suppliers' 
perception of the payback necessary for the 
purchaser of new equipment was a period of 
from one to three years. A number of 
suppliers said that they were trying to 
develop a more sophisticated attitude amopg 
their customers, but this was proving 
difficult. 

To some extent this attitude has been justified 
in the past when specialised equipment has been 
overtaken by style requirements which have made 
it unusable. However, more recent developments 
have been designed with greater flexibility in 
mind. It is now a task for the suppliers of 

\ equipment to persuade the industry that the 
additional cost of this flexibility can be 
justified by allowing longer amortisation 
periods, more in line with the service life 
of the equipment. 

4.1.2 The Development Cost of Technology 

As an integral part of this study, a number of 
companies and institutions were visited who do 
not currently supply technology to the apparel 
manufacturing industry, but which are generally 
regarded as being involved in state of the 
art developments in the technologies that they 
specialise in. one particular company, involved 
in state of the art development on a commercial 
basis,used an interesting approach to limit its 
development risks, which is extremely valid in 
the context of apparel industry development. 
They modelled the probability of succe·ss of any 
parti~ular project against the proportion of 
the total expenditure allowed for the project. 
The total expenditure was assessed from the 
probable commercial value of the breakthrough 
(Fig. 4.1). The major point to be taken from 
the model was that some expenditure is necessary 
before a realistic evaluation of potential 
success can be made. However, unproductive 
research,lines can be terminated before a large 
part of the planned expenditure has been 
committedo 
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PROPORnON OF TARGET INV·S~NT 

This practice is reminiscent of the Chinese doctors 
who would quote a scale of fees for a range of 
chances of a cure. For incurable patients the fees 
for certain cures were always beyond their means. 
In a like manner incurable projects can be laid 
to rest with minimum of expenditure. 

This method of R & D control should form part of 
the project management task in any programme that 
might be considered·as a result of this study. 
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4. 2 FUTURE DEVELOPMENT DIREcriONS 

4.2.1 Criteria for Future Development 

In an earlier part of this report the current 
development lines being pursued by industry 
suppliers have been discussed. The nature of 
the teahnoZogy·business has also been ~eviewed. 
Understandably the major selection criterion 
for current development has been commercial 
gain, usually in the relatively short term. 

On the other hand, many of the advances that 
could be considered desirable are arrested 
because an essent~al buiZding bZock is 
missing. This is aggravated by the fact 
that the building blocks required to achieve 
a particular breakthrough frequently involve 
a range of different technologies. For 
example, the people most likely to achieve 
a satisfactory reversible rigidification 
process do not have the technology to build 
machines to take_advantage of their process. 
Without the machines the~ is no market for 
the process, so- development does not take 
place. Conversely the people with the 
machine technology do not proceed because 
they do not ~ave the capability of producing 
a satisfactory rigidification process. 

This type of vicious circle exists in a 
number of a!eas, and the important conclusion 
t6 be drawn is that although the development 
of any particular building block may in 
itself be of no particular .value (and 
therefore commercially unattractive) the true 
significance of the development may only be 
realised when it is integrated with all the 
others. 

Equally in .the alternative processes ~reviously 
discussed such as moulding, welding and adhesives, 
the full potential of the processes·may not be 
available unless they are augmented by other 
developments. There are, without doubt, a 
number of very proinising projects under these 
headings that are in danger of being terminated 
through lack of short term commercial potential. 
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4.2.2 

In the field of computers there is also a 
great deal of development to be done. However, 
it does appear that the short term cost/benefit 
equation is less dependent on interlocking 
developments.. The effect is that -the commercial 
development of EDl? systems is generally considered 
viable by the technology leaders. 

In the longer term it may be valid to question 
the whole concept of current development in 
that it is centred on the machining process, 
and to develop an alternative concept of a 
handZing machine· with a range of interchangeable 
sewing, welding and adhesive heads. Such a 
machine would conceivably have the c,apability 
of 'X', 'Y' , and •e• motion, 'a range of 
interchangeable fabric handling systems and 
easily reprogrammable characteristics. This 
concept is to some degree an extension of the 
prevaili~g development of existing builders 
in that their aim is to get one machine to carry 
out several processes. 

Key Task Areas 

In this section the potential breakthrough areas 
identified in the earlier section on "Current 
Development Directions" (Section 2.5) are reviewed 
in the light of their potential signifi(:ance to 
the assembly process as a whole. The list 
previously given represented the possible means 
of achieving thegaaZ of.increasing competitiveness. 
In Fig. 4.2 the structure of the relationship 
of the basic techniques in apparel assembly to 
the final produc~ competitiveness is shown. 
The diagram indicates that competitivenesS· 
is improved both by reducing price and by 
increasing value. The latter means is, however, 
extremely difficult to quantify as the key areas 
of significance - service, quality and innovation­
have values which are not absolute, but determined 
by the state of the market. Typically these 
factors might be expected to improve s'ales by 
5 - 20% 

In the area of price reduction, developments in ~ 
the assembly process obviously. have a direct 
effect on labour cost. There is also a 
secondary effect on manufacturing overheads 
associated with direct labour cost. These , 
secondary effects are dealt with in the economic 
model already discussed in section 3.2 of this 
report, and the overheads in Fig. 4.2 refer 
only to those associated with work-in-process. 
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It can be seen that there are four ·fundamental 
key task areas relating to the t~chnologies 
discussed in this report : 

(a) Full cycle automation 

(b) Full seguential automation 

(c) Alternative processes 

(d) Improved management through 
computer technology 

In ~e previous section,the concept of 
building blocks required to achieve certain. 

·goals was discussed, and the need to assess 
the value of each building block more in its 
relationship to achieving the goal,· than 
in its intrinsic value. In this section it 
is perhaps worthwhile to consider the type 
of building blocks that can be identified 
in the key task areas. 

(a) Full cycle Automation 

1· Ply separation from the top of a 
stack. 

This problem has been widely 
discussed elsewhere in this 
report. It would usually be 
combined with a positioning 
of. the separated ply. It. must 
not be ignored that in some 
instances.this problem may be 
most economically solved by 
single ply cutting,possibly 
with lasers or water jets. 
Numerically controlled laser 
cutting is extremely fast and 
compares with numerically 
controlled multiply cutting 
for small lays. It is not 
inconceivable that in some 
instances an increase in· 
cutting cost could be offset 
by consequent reductions in 
c;tssembly cost. 
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• 2· Alignment of one or more plies. 

The technology of precise shape 
recognition is well advanced. 
It is obvious that this function 
would be aided by fabric 
rigidification,. Even in the 
single ply case selective 
rigidification would ensure 
fabric folded in a predetermined 
manner. (Note: Selective 
rigidification has been achieved 
already, but is non reversible). 
A purpose-built robotics device 
could offer the sort of flexibility 
needed to allow easy adjustment of 
the device to different operations 
or sizes. 

3. Load into machine. 

This building block will probably 
have to be_ developed for individual 
machine types. However, provided 
it is input with a fully aligned 
assembly of parts no major developments 
are needed' for a satisfactory solution. 

4. Seam Guidance. 

Three guidance principles have 
previously been discussed; edge 
following, cam or track following 
and numerical control. These 
principles can be expected to solve 
the majority of application 
requirements. However, that should 
not exclude the development of 
alternatives. One possibility is an 
optically guided system perhaps 
following seam lines printed or 
sprayed onto the fabric (possibly 
at the same time as the rigidification 
process). The technology of_ optical 
guidance is well developed outside the 
industry. 
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• 5. Thread Trimming. 

Where thread trimming occurs within 
the boundary of a fabric panel an 
underbed thread· cutter is used. Some 
development is required to make these 
devices sufficiently reliable for 
fully automatic operation, perhaps 
by incorporating multiple cutting 
actions rather than the single 
action as is.now normal. 

6. Spool loading. 

Market forces will probably demand 
the retention of the lockstitch 
for the foreseeable future. In this 
case·a truly satisfactory solution 
to recharging the spool is required. 
It is likely that such a 
solution will only be ob~ained when 
a sewing machine head is developed 
specifically for automatic use. 

7. Unload machine. 

There are a wide variety of 
proprietary devices for stacking 
finished assemblies. -unfortunately 
some of. the very best have been · 
designed for particular items of 
automatic equipment, and development 
to make these more·universally 
applicable would be valuable. Such 
unloading devices should ensure the 
optimum alignDEnt of parts for the 
subsequent operations. 

a. Three-dimensional·seaming. 

If full cycle automation is to extend 
into the more complex areas of garment 
assemb,ly three-dimensional seaming 
must become a reality. The technology 
for controlling the seaming head for 
example, is alre~dy available. In 
this area, as in others, the 

.availability of a sewing machine head 
specifically designed for automatic 
use would be highly desirable •. 

\ ) 
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(b) Sequential Automat:ion 

1. Transfer device. 

The assumption is made that sequential 
automation is developed as a flexible 
process involving individual machines 
which could be regrouped as necessary. 
A transfer device wo~d be required 
that could be adjusted to handle a 
range of subassemblies. ;Ideally this 
device should be easily reprogrammable 
and robotics technology would have 
much to offer here. It is possible 
such a transfer device could be a 
development of the unloading devices 
discussed above. In this application, 
the unloading stack from the first 
machine would be at the same time 
the loading stack for the second 
machine. This principle would, to 
a certain extent, get around the 
interference caused by individual 
machine .hold-ups in transfer lines 
and could also be adapted to allow 
two or more machines to supply a 
single machine (or vice versa)thus 
allowing the integration of several 
machines of different cycle times. 

2. Machine reliability. 

Once equipment has been integrated 
into a sequential process,individual 
machine reliability become more and 
·more critical. For example, if a 
single machine has an inherent 5% 
down time, it would increase to 10% 
with two machines, 14% with three 
and 19% with four machines 
interdependantly connected. The 
development of machine heads specifically 
for automatic machines becomes even 
more urgent in this context. 

(c) Alternative Processes 

It is not possible to identify building blocks 
in this area in quite the same way. -However, 
it can be stated with_some degree of confidence 

. that alternative processes generally involve 
very heavy expenditure and must therefore 
offer substantial competitive advantages 
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if they are to overcome the extremely 
conservative nature of both the apparel 
assembly industry and the buying public. 
For this reason it seems probable that 
alternative processes will be introduced 
on a selective basis to produce parts of 
a garment rather than the entire garment. 
(For example, when fusing was first 
introduced it was shown that it was 
possible to use the technique to 
manufacture the entire garment without 
thread. This capability has never 
been taken up on a commercial basis, 
though fusing itself is widely accepted 
as a now indispensible process of 
manufacture) • 

(d) Improved Management Through Computer Technology 

The breakthrough area here is unquestionably 
real time production process control. The 

· other aspects of computer technology discussed 
elsewhere in this report are essentially 
developments of systems already in existence 
to a large extent. In the case of real time 
control two building blocks can be 'considered. 

1. Data capture •. 

Continuing evolution of the data 
capture process is required to 
achieve a cheap, reliable and 
secure data capture device. Recent 
developments are encouraging but 
are still·a long way from ideal., 

, 2. Management/Machine interface. 

Always a major problem with data 
processing, the techniques of 
translating the computers' 
information into effective 
action from management needs · 
special attention in the apparel 
industry. Technologies that 
.extend the power of the computer 
to imple,ment decisions are 
particularly interesting and 
become more so the greater the 
the degree of automation in place. 
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4.2~3 · Priorities 

As has been indicated in figure "3.8 the.potential 
leverage of breakthroughs in the key task areas 
varies considerably, as does the probable time 
span over which they might be achieved. 

It can be seen that full cycle automation is 
considered to have the greatest potential 
impact. This is because it would allow 
a change in the one operator to one machine 
work pattern currently dominating the industry. 
The time span over which breakthroughs ·can be 
anticipated is also short, as most of the 
problems have been solved for specific 
instances and only a general solution is 

' now r_equired. 

Full sequential automation is less significant 
because it is effectively eliminating only the 
inter operation handling of a product which is 
rarel~more than 5% of total cost in any case. 
It has a longer span simply because full cycle 
automation is a pre-requisite. 

Alternati~ processes will be continuously 
developed, but their main early impact may well 
prove to be as building blocks to automation, 
rather than as total alternatives to current 
assembly metho~. In certain specialised fields 
such as surgical and protective clothing where 
function is much more important than fashion, 
the adoption of alternatives may be more rapid. 

In computer technology, the technological 
breakthrough has already been made. What is 
now required is an evolution of the techniques 
so that they can be used widely in the industry. 
The potential impact on excess costs is significant 
and due to present availability the time span i~ 
short. 

In the light of the above a number of·key elements 
for further work can be identified. These are 

1. Early development of versati~e 
ply pick up and place devices. 

2. Concurrent development of 
alignment devices. 
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3. Devetopment of acceptabte 
rigidification processes 
that are reversibte and 
can be apptied aetectivety~ 

4. Earty devetopment of the 
specification for an 
automatic sewing machine 
head to inctude possibty: 

demountabitity; 
compatabte ~th a ~e 
of devices; 

setf threading; 
upper and Z.ower- threads 

omni-directionat capabitity; 
without seam quatity "Loss. 
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S E C T I 0 N 5 

RECOMMENDED AcriON AND PRIORITIES 

In what ways ooutd the devetopment of 
bPeakthrough technology be aooe'Lerated 
and with what pr-iorities and through 
what mechanism might Gove~ent help 
at the European leve t ? 



5. · RECOMMENDATIONS FOR ACTION 

· This section of the repo:rat deveZops a fl'a;rnebJo:rak fol' the 
EEC to consider in creating its poZicies ~ds the 
suppo:rat of technoZogy devetopment foP the app<U'e'L 
11YJnufaoturing industry. It is rec01TIIlended that these 
po·Zici~s a:rae set into a we Z Z-a:raticuZated stratBgy for 
the industey in which technoZogy b1'i.ZZ haVe a definBd 
and en tica'L p 'Lace. 

This section deve'Lops ideas on both the mechanisms and 
the steps which need to be taken in the short tenn~ as 
wZ'L as the concept of a 10 year progrta~T~ne to suppol't 
the Commission's strategy. 
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RECOMMENDATIONS FOR ACTION 

in this section the framework of a posslble action plan is 
developed. To be fully effect! ve such a plan must encompass 
two separate objectives. The first objective would be tq 
promote the development of breakthrough technology. The 
s~cond objective would be to p~omote the implementation of 
that breakthrough technology in the industry itself. Past 
experience has shown that the industry has been slow to 
adopt new ide~s, and much of the benefit of new technology 
may· req~re a quantum leap in iDl&nagement thinking to be 
accepted at all. 

In spite of this past reluctance to invest in teChnology, 
KSA has received many inquiries from individuals, courpanias 
and institutions who were interested to pursue a wide range 
of research and development projects which they believed 
could have significant impact on the future competitiveness 
of the industry. 

In order to capitalise on this interest, a framework for 
action has been developed. This is shown diagramatically 
in Figure 5.1. 

Each of the key elements is discussed in turn in this 
section. 
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5.2 

KSA FRAMEWORK FOR POSSIBLE APPAREL TECHNOLOGY FIG. 5.1 
DEVELOPMENT AND IMPLEMENTATION PROGRAMME ' -~ 

1 
• 

Publish Study ~ EEC - Strategy for 1980/90 

' 
European Apparel Industry 

Steering Group AEIH 

Set Up 
Working Party ... I ... Othe~ 

.... 
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-------·--------· ~---------------
' ' ~ Identification of Opportunity Identification of Activity 
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Existing Technology Application Propouls 
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Overall Budgets 
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Criteria for Project Management 
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5. 1 Publish State of the Art Study 

5.2 

5.3 

This is a logical' first step,, and should be 
instigated with the minimum of delay whilst 
the project is still fresh in many peoples' 
minds. Steps should be taken to ensure 
the widest possible exposure of the report, · 
and emphasis should be given to the intention 
(by the EEC) to treat the report,as a basis 
for future discussions. 

SteerinSJ Group 

A steering group would be necessary which 
would have ultimate authority over the 
proposed programme. It must have . a 
sufficient number of members who in no 

. way have interests in the supply of 
technology. No doubt AEIH would be 
represented as well as national organisations. 
Because of the need at this level for such 
diverse representation, the steering group 
would be too large to act as an effective 
management body and as a result a separate 
small working party should be created which 
would report to the steering group. 

Strategy for the Apparel Industry 1980-1990) 

The recommendations in this report for the 
development of technology and its applications 
will depend to a large extent for their . 
success on the environment in whieh the 
apparel industry operate's during the next 
10 years. 

It is therefore important that there is an 
articulation of the objectives which the 
EEC has for the industry and the strategy 
which it is developing to support achievement 
of those objectives. 

It is recommended for example, that the 
symposium takes place in a context which 
focusses not just on the potential impact 
of technology, but also on the impact 
of the apparel manufacturing industry 
itself on the economic development of 
the Community.. All subsequent activities 
discussed below will be influenced by the 
EEC's overall strategy, and the atmosphe~e 
which this creates. 
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It would, for example, be desirable to state 
that the EEC expects technology to be making 
sufficient impact by say 1990, to have given 
the high cost countries a strategic advantage 
which 'permitted this to influence subsequent 
posit~ons on protectionist measures; and to 
help implement this strategy, the EEC is 
prepared to fund specific technological 
programmes •. 

It is therefore suggested that the proposed 
steering group is cOtnpOsed so 1:.hat it can 
work with the EEC in the necessary 
statements of objectives and strategic 
directions.for the industry so that its 
bX>rk in promoting the devetopment of 
teohnotogy is seen to be part of that 
strategy. This will help create the 
confidence- th~t the future competitive 
conditions, wliioh will be influenced 
greatly by EEC and Memb~r State negotiations, 
will be such as to warrant a long-term 
effort to harn•ss technOlogy by the 
individual manUfacturer. 

5.4 working Party 

The working party would be assigned a range 
of tasks. The initial task would be to organise 
a series of sympOsia (see below) • Subsequently 
~he working party would be required to construct 
an overall budget in line with the long term 
strategy of the EEC for the apparel industry. 
The working party should then evaluate various 
potential projects and. construct a set of 
criteria for their viability. Once satisfactory 
projects'~ave been identified the working party 
would provide a project management and 
co-ordination role, together with budgetary· 
control. It follows from this that the 
working party must have the capability for 
professional project management. It must'fulfil 
the need to integrate efforts in R & o·in apparel 
manufacturing technology and break the vicious 
circles currently inhibiting several potential 
developments. Its membership must be independent 
of technology suppliers. 

5.4 -~ ' 



-
I • 

' ... 
5.5 Symposia 

Although significant breakthroughs have in the 
past been the result of individual efforts, there 
is no doubt that most technological breakthroughs 
in recent times have been the result of achieving 
a criticaL mass of· effort. The aim of the 
suggested symposia •hould be to achieve this 
critical mass by inviting key organisations to 
participate, with the stated intention of· 
achieving a consensus in identifying the opportunity 
areas offered by both new and exi$ting technology, 
as well as identifying barriers to progress. 
The participants would be invi.ted to submit 
proposals subsequent to the symposia for projects 
that relate to the opportunity areas identified. 

5.6 Proposals 

As a result of the symposia, a wide range of 
proposals wou~d be submitted to the working 
party for evaluation. These proposals could be 
expected to fall into three broad categories. 

5.6.1 Research and Development-Proposals 

Under this heading would come the 
broad spectrum of work, both to 
develop specific buildin~ blocks 
and to combine building blocks into a 
working process. The emphasis would 
be on the creation of new technology 
and the development of existing 
technology. 

5.6.2 Existing Technology Application Proposals 

Many existing projects have come to a 
halt because of lack of funds, or 
because support from the industry in 
the implementation phase is not 
forthcoming. It is likely that a 
number of advances could be brought 
on in the short term by supporting 
such imp1ementation. 

5.6.3 Educational, Promotional ahd Legislative 
Proposals 

To overcome the barriers to progress 
discussed in the report, it will be 
necessary to undertake a programme 
to educate management of both 
apparel and technology companies 
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on the problems to be solved and 
their commercial potential. It 
will also be necessa~ to promote 
the cause of technology in general 
and th~ EEC programme in 
particular. It is also possible 
that in certain fields, such as 
depreciation rules the EEC will 
wish to take legislative 
initiatives. The steering group 
should be concerned to see that a 
suitable educational promotional 
and legislative prog~amme is developed. 

5.7 Overall Budgeting 

In the light of the perceived ·EEc strategy for the 
industry, -budgets would have to be prepared for 
f~er support of the programme. Decisions would 
be required on the nature and extent of possible 
funding. Alternatives could be a single allocation 
of central funds or an annual allocation over the 
strategic period. Means of obtaining industry 
support should also be examined. As a result of 
the study KSA believes that significant industry 
contributions could be available for well managed 
pragmatic research and development. Naturally, 
a mechanism for compensating contributing companies 
would need to be evolved. 

5.8 Project Evaluation 

As a result of the symposia, and in the light of the 
available funds, the key task of the working party 
must be to evaluate the various projects put forward. 
Three clear activities would be required : 

5.8.1 Development of Criteria for Project Viability 

The potentially most valuable role 
the working party could play would be 
to provide a strong central direction 
to research and development investment. 
The value of each element of research 
within the totality of the objectives 
must be decided, to avoid continued 
investment in projects whose development 
costs·are likely to exceed their value. 
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5.8.2 Project Management and Co-ordination 

Once project priorities have been assigned 
the working party should provide a 
project management role sufficiently 
flexible to direct additional.effort 
to promising areas, to suspend non 
viable projects, and to identify · 
necessary research priorities that 
arise during the course of each 
proj_ect. An important co-ordination 
role arises both to ensure that the 
minimum axoount of duplication occurs 
and to ensure that optimum approaches. 
to key problems are selected. This 
would not of course exclude the 
support of sep~ate projects. with 
a uniform objective, in circumstances 
where several promising research lines 
exist. -

5.8.3 Budgeta;y Cont+ol 

Central budge~ary control is essential 
to ensure that the maximum benefit is 
·gained from the available finance. 
Central control would also allow a 
fleXible allocation of funds in line 
with changing priorities as projects 
proceed and as critical review points 
are reached between phases of specific 
projects. 

5.9 Funded Research Contracts 

These contracts would be directed towards technology 
companies and institutions both inside and outside 
the apparel industry. Finance could be provided, for 
example, to develop solutions to particular problems 
as a model for the more general application of -the 
principles involved. The 'Rink' project and the 
T - shirt sleeve project funded in the USA in the 
60's were. examples of this type of activity. Such 
projects would be strictly controlled on a phase by 
phase basis to ensure _that no project proceeds to 
the next phase unless the previous phase had met 
its objectives .and had demonstrated the subsequent 
phase had a high probability of success. 
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Suggested phases would be : 

I Concept Development 

II Preliminary Design 

III Detailed Design 

IV Fabrication and Assembly (prototypes)· 

v Modification Installation 

Phases I and II give the largest gains in confidence 
for the lowest investment. Phases III and IV entail 
the major portion of the investment and must only 
be started if the confidence level achieved after 
the earlier phases is sufficient (say 80 per cent 
confidence of success after phase II). 

5.10 Funded Application Contracts 

These contracts would be directed towards the apparel 
manufacturing industry and would have as a general 
objective the exposure to the industry of many of the 
available technologies with long amortisation periods. 
For example, support could be provided for an 
outerwear manufacturer to .install a.moulding 
capability, or for a workwear manufacturer to invest in 
a new non-woven technology. In a similar vein funds 
could be made available to enable producers of new 
technology equipment to test·out their products in a 
working industrial environment rather than in ~ 
laboratory. 

5.11 Demonstration of Prototypes 

Industry scepticism will remain high until working 
prototypes of processes which conform to the demands 
for flexibility, quality and affordability can·b~ 
demonstrated. It is also extremely important to 
bring out the point that new technologies and 
processes can be managed, and do have something 
relevant to offer. Prototypes will become available 
as the programme develops and there will be a need 
to put on demonstrations, in live manufacturing 
situations where applicable. 

5.12 Patent Acquisition and Licensing 

A prerequisite to any research work is a thorough 
search of existing patents. Frequently the outcome 
of this is costly duplication of effort to get around 
a particular patent. In circumstances where a patent 
is in existence but work on it is donnant, funds could 
be made available to purchase the patent and subsequently 
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~icensing it to interested developers. Some 
promotional work is also required to make 
information on existing patents more widely 
available. 

5.13 Communication Activities 

As indicated, an essential task is to promote 
developments within the industry. Funds 
could be made available for promotional 
activities such as films and seminars. A 
regular magazine or newsletter could be 
published,reporting on the allocation and 
progress' of contracts. Press coverage in 
trade and general publications should be 
obtained. 

5.14 Legislative Initiatives 

A function of the steering group could be to 
promote legislative action conducive to 
creating a favourable environment for the 
industry to accept change and invest ~n 
technology. Special depreciation allowances 
are used in s·everal countries to encourage 
capital investment. Tariffs and quotas, 
while having no direct effect on technol9gy 
development, can help create an aura of 
confidence that investment will be worthwhile. 
Schemes to assist industry restructuring 
could also play a significant role. 

5 • 15 Comme.rcial Exploitation 

Once basic principles have been satisfactorily 
demonstrate4 new processes must be commercially 
exploited. An opportunity could arise to 
generate funds on a licensing basis which could 
be reinvested in further development activity. 

5.16 Timing 

If this programme is to impact on the decline of 
the apparel industry it is clear that it must 
receive high priority. 

It is obviously impossible to put a time 
frame around the proposed programme as much 
will depend on budgets, priorities and suppor.t 
given to the project. 
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However,· we believe that within the overall 
target of the industry achieving a substantive 
advantage from technology by 1990, the first 
steps must be concluded within 12 months at 
the most. ~his requires that this report is 
published and promoted no later than mid-1980, 
and that the symposia are held no later than 
the last quarter o.f 1980. The steering group 
and working party would need to be in place 

. by mid-1980. 

Even on this basi·s the first contracts for 
development would not be agre~d until mid-
1981. 

I • 

This programme obviously repres~nts only one 
approach to launching the ideas in this report. 
There may be others and there are no doubt a 
number of policy is$ues to be resolved before 
a final programme could be agreed. It has 
not been part of this: study to review such 
policy issues, but nevertheless it is hoped 
that this proposed framework will assist the 
·EEC in deciding on its next actions. 
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' THE ORGANISATIONS . WHJ:C~ PARTICIPATED IN THE STUDY. APPENDIX I 

During the cou~se of this study over 150 organisations were 
contacted. Of this number, the following 66 were visited·or 
~rov~ded detailed: information: 

~ 

CEI'l'H 

Aiain Seiki 
Brother 
E~port Clothing Manufacturing 

Aaaociation 
Pujimi Hoaei 
Industrial Sawing Machine 

Manufacturing Association 
Juki 
Kondo 
Mitaubi~hi 
Onward 
Pegasus 
Research Institute for 

Polymers & Textiles 
wacoal 

UNI'l'ED KINGDOM 

GERMANY 

Adler 
Baisler 
Bcxplar 
Durkopp 
FOrachunginatitut 
Mwlt.aDg 
Pfaff 

Atomic Energy Research Establiahment 
Brit~sh Printing Induatries Federation 
Cheshire Engineering & Deaign Consultanta· 
Clifford Williams 
The Clothing Inatitute 
Coats Patona 
Courtaulds 
Data Sciences Intem~tional 
Department of Industry (GMB) 
Golden 'Chum 
HA'l'RA 
Hughes Apparel Systems 
ICI 
J~ar 
Leads university 
Loughborough university 
Mardrive 
Marks & Spencer 
National Engineering Laboratory 
National Research Develo~nt 

corporation 
PERA 
SATRA 
Shirley Institute 

,Textile Research Council 
WIRA 

Nacchi 
IUJaDldi 

tJNI'l'BD STA'rBS 

Autosated Steam Producta Cozoporat.ion 
CU. co 
Cluett Paaboc:Jy 
COmpo Industries 
Design Taehnology Corporation 
Gerber 
Ideal Band.U.ACJ SysteM 
Joseph Galkin Cozpo:r:atJ.oa 
Ke~lwood Oo:r:pOration 
Levi Strauss 
Miczodynua:l.cs 
Oxfon Industl'ias 
Reece Corporation 
Rhaatl Textile Spts• 
Mbut ZOOt IAc. 
Singer 
union Spacial. 
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