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The fact is, that civilisation requires slaves. 

The Greeks were right there. unless there are slaves 

to do the ugly, horrible, uninteresting work, 

culture and ronterrplation beccme alrrost inpossible. 

Human slavery is ~ng, insecure and demoralising. 

On mechanical slavery, on the slavery of the 

machine, the future of the world depends. 

Oscar Wilde 



This thesis describes the research undertaken investigating the 

feeding and handling aspects of an integrated system for autaTated 

gannent manufacture. 

The original aims of the research project were to: 

(i) Investigate and produce a prototype two dimensional feed 

mechanism for garment assembly, and 

(ii) Investigate and develop flexible handling equipnent for 

manipulating and positioning garments. 

During the CDurse of the project the areas of the investigation 

were broadened to include the developnent of a system for a::rrputer

based generation of gannent patterns. 

Each area of research has been undertaken with a view to 

inoorporate it into an integrated system for autanated garment 

manufacture. Such a system has been proposed in the study, however 

research has been restricted to the areas outlined alx>ve. 

The results of experimental and developnent work have proved 

enoouraging and certain aspects of the research have already 

attracted financial s~rt for further developnent. In each area of 

work the potential in further research has been identified. 
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Chapter 1 

Introduction 



1.1 Preani:>le 

The U. K. clothing industry is facing intense cx:upetition from 

low-oost high volume inp:>rts fran the developing oountries, and it is 

being hard pressed to irrprove productivity in order to ccrrpete and in 

same sectors, survive. 

The nature and 'NOrking oonditions of the industry are major 

factors g::>verning its performance and must be clearly understood 

before solutions to the problems facing the industry can be proposed. 

The economic overview which follows, examines its position in the 

I league table I of industrial perfonners and highlights areas of 

weakness which are likely to have a significant influence on its 

future prosperity. 

Most people associated with the clothing industry will accept 

that some fonn of change is necessary. '!be direction and feasibility 

of that change however, is sanething which must be carefully 

evaluated. Factors other than econanics play their part in the 

CDITplex structure of the industry, such as fashion, seasonal demands, 

and market trends. '!bese factors offer challenges which must be taken 

into account before any proposed developnents may be oonsidered. 

The main areas of study of this particular research prograrnne 

were fabric feeding and handling aspects of an integrated system for 

ganrent manufacture. '!be sCX>pe of the project was later widened to 

include the area of cx:vrputer-based pattern generation as it was felt 

that further research CX)uld be carried out in this area. 

The research begins by presenting a review of major research 
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projects being carried out in the united King:ian, Europe, the United 

States, and Japan. The review seeks to identify current research 

interests with regards to clothing manufacture. Following the review, 

a concept for an integrated system for gannent manufacture is 

proposed. '!he concept is presented for reasons of CCIl'pleteness and is 

intended to guide the reader to view the research undertaken by the 

author as ul timatel y contributing to the attairunent of such a 

proposed system. 

Chapters 4, 5, and 6 detail the research undertaken in each of 

the following areas: 

(1) COOputer-based generation of gannent block patterns, 

(2) Autcmated fabric feeding to an industrial sewing 

machine, and 

( 3) Autcmated handling of fabrics and other flexible 

materials. 

The final chapter presents the conclusion of the research 

project along with the discussions. It also identifies areas of 

further work, along with oammercial applications. 

A glossary of clothing terms and definitions is included in 

Appendix R for reference. 
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1.2 EaxDnic overvie.r of the clothing industry 

The clothing industry has a major role to play in the U.K. 

eronany as a chief custaner of the textile industry, main supplier of 

the retailing industry, major atployer and exporterl. Chart 1.1 shows 

the seven sectors over which the U.K. clothing industry is spread. It 

falls within the Standard Industrial Classification 1980 (SIC) group 

453 - Clothing, Hats and Gloves. Hosiery, underwear, dresses, and 

other items made up by manufacturers of weft knitted fabrics, are 

cl~ssified separately under the SIC number 4363 - Hosiery and other 

weft knitted g:xxis and fabrics. '!he classification numbers for the 

various sectors of the industry can be found in Appendix A. 

It is as a major atployer that the industry makes its 

greatest oontribution to the U. K. eronorny. Chart 1. 2 shows the 

position of the clothing industry as an erployer, as carpared with 

other major industries. The total clothing and footwear industries 

atploy approxinately 30% of the mnnber of errployees in the mechanical 

engineering industries and approxinately 40% of the nurnber in the 

electrical engineering industries. The nurnber of errployees involved 

specifically in clothing exceeds those erployed in the tele

c:x::mnunications equipnent, danestic electrical appliance, rotor 

vehicle and engines, and instrument engineering industries. 

'!he industry is located in many U. K. regions which suffer from 

high unatployment. Chart 1.3 shows the nurnber and percentage of 

arployees within the footwear and clothing industries acoording to 

geographical location. 
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1.2.1 Structure of the imu.st.ry 

The clothing industl:y is very labour intensive with approximately 

13.14% of the labour involved in administrative, teclmical and 

clerical work. '!his rreans it is heavily dependent on manual labour, 

of which approximately 80% is female2 • Chart 1. 4 shows how the 

industry is fragnented, with a large percentage of c:arpanies 

employing less than 20 persons. 76% of c:arpanies fall within a group 

specialising in only one process within the manufacturing chain, 

these c:x::xrpanies tending to be small in size. 

1.2.2 PrdllBIS facing the industry 

The major threat to the industry cx:mes fran the rising levels 

of inports of high-volume low cost products. Graph 1. 5 shows the 

value of U.K. inports and exports fran 1975 to 1985. It shows that 

the value of inports of apparel, clothing accessories and footwear 

exceeds exports of those items by as Irnlch as 100%. Chart 1. 6 

identifies the source of irrports and Chart 1. 7 the source of exports, 

showing that a large percentage of inports cx:rne fran developing 

countries with a low-wage pay structure. 

The inpact of rising quantities of low cost inports on 

errployment levels has caused great concern within the industry. 

Jones3 atterrpted to detennine the rorrelation between the level of 

errployment in the U. K. clothing industry and total irrports of 

clothing 1970 - 1983. He concluded that if the annual rate of growth 

of inports continues unabated the clothing industry is in danger of 

contracting into insignificance or even disappearing altogether. 
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The U.K. clothing manufacturing industry was hard hit by the 

1980/81 \tJOrld recession, which was due mainly to de-stocking, high 

inflation, high interest and low international exchange rates. 

Productivity in 1980 was 12% lower than in the previous year. Nearly 

40,000 errployees were forced to leave the industry in the 12 nonths 

to March 1981. However, despite the demise of many corrpanies others 

were spurred on to inprove production efficiency to levels which 

were virtually unknown in other industries4 . Chart 1.8 shows the 

index of production for clothing, hats and gloves. '!he effect of the 

recession can be seen together with the recovery trend that the 

industry is making. 

Another of the problems facing the industry is the weak price 

structureS. The retail price index for clothing has increased much 

IlDre slowly than all the other retail price indices in recent years. 

This is in contrast to other countries (e.g. West Germany) where 

clothing retail prices have roved much nore in line with all the 

other retail prices. 'nle main reason for the weak price structure is 

the pressure fran large volume low cost iJrp:>rts. 'Ihl.s is also 

reflected in low profitability and low investment levels, especially 

in snall and medium sized corrpanies. 

1.2.3 Protecti.ooist neasures 

'!he Multi-Fibre Arrangement (MFA) is a schene under which the 

nost highly developed countries put quantitative limits on their 

inp::>rts of textiles and clothing fran developing oountries including 

the oountries of Eastern Europe. '!he schene was started in order to 
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relieve the pressure of i.rrports fran low wage developing countries on 

the textile and clothing industries in the developed countries6 . 

In return, the developed countries were expected to restructure 

their textile and clothing industries in such a way as to enable them 

to meet i.rrport carpeti tion fran developing countries in due course. 

The MFA is neg:>tiated under the auspices of the General Agreement on 

Tariffs and Trade (GA'IT) and is a pennitted 'derogation' fran GA'IT's 

free trade rules. The MFA has recently been renewed for a fourth tenn 

and is due to run until July 31, 1991. The arrangement has 43 

signatories covering 54 countries; the European cx:mnunity signs en 

bloc on behalf of its members. 7,B. 

The effectiveness of the MFA is a topic widely disputed amongst 

it's signatories. Some exporting countries such as India and China 

feel that the MFA is too restrictive and would like to see a return 

to GATT's 'free trade' rules. The European Ccmnunity want greater 

access to the markets of the developing countries and are therefore 

prepared for a llOre liberal arrangement. The united states on the 

other hand believe that the arrangement is not restrictive enough and 

calls for a strengthened, less vague and less pennissive MFA, which 

they consider is essential to the continuing sw:vi val of their 

industry and the livelihood of its 2 million errployees9 • Not all 

trade agreements are ne<ptiated under MFA; the U. K. is free to make 

bilateral arrangements between itself and exporting countries. This 

is an inportant point as not all developing oountries are signatories 

of the MFA. 

Sane experts believe that, rather than suffering fran an inport 
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problan, the U.K. textile and clothing industry suffers from an 

export problem10 . West Gennany has high inport penetration of its 

hare market but at the same time manages to be an extremely 

successful exporter. Much of this success however, is due to "outward 

processing", which leads to high exports of fabric and high inports 

of clothing (much of which is subsequently re-exported. to other 

cxmntries) . 

Some of the problans manufacturers encounter when exporting are 

due in part to barriers put up by the low-cost exporting countries to 

protect their hare market. Many of these barriers, put up by exporting 

countries classified as "developing", . are perfectly legitimate under 

the terms of the General Agreement on Tariffs and Trade (GATT). 

1.2.4 Investment levels 

one measure of the level of investment is to take expenditure 

on plant and machinery as a proportion of total sales over a period 

of time. carparing clothing and footwear with other sectors of 

industry shows that the levels of expenditure have remained. 

relatively low, see table 1.9. It must be added however, that the 

clothing and footwear industries are not as capital intensive as 

other industries. Table 1.10 shows that expenditure on plant and 

machinery expressed as a percentage of total net capital expenditure 

is however increasing. 

Although useful in carparing levels of investment over a number 

of years, the figures can be misleading. '!hey do not show how much of 

the capital expenditure is being invested in statEHlf-the-art and 
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advanced nachinery as cx::npared to sirrply replacing standard 

processing machinery. 

1.2.5 Recent situation of the iI¥:lustry 

OUtput recovered in 1984 and 1985 with clothing and footwear 

performance being only marginally lower than the figures for all 

manufacturing11 . Productivity in manufacturing also rontinues to rise 

sharply with textiles, leather and clothing achieving a greater rise 

than all the other areas of manufacturing12 . 'Ibe retail sales of 

clothing and footwear have rontinued to rise since 1981 and their 

growth in tenns of increased vollnne has been at a faster rate than 

the average. However, in tenns of value the performance is less 

exceptional, which probably reflects the low rate of price increase 

of clothing and footwear. 

Since 1960 the proportion of consurrer inccme spent on clothing 

has fallen fran 10.3% to 7.3%. 'Ibis has occurred in a period- of 

rising real inccmes and a relatively low increase in clothing prices, 

yet people are still spending less of their incane on clothing. 

Regional spending on clothing shows significant variation, much of 

which may be due to regional price variations. 

Clothing exports for 1986 totalled 1.23 billion pounds which was 

an increase of 34% on 1980 figures 13 • Export performance in roth 

volurre and value tenns has been very cp:xi since the mid 1970 's. sane 

of this gain has been due to the fall in the value of the pound 

against the U.S dollar. Despite this, the negative balance of trade 

in clothing has rontinued to grow under the weight of ever increasing 
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inports which in 1985 stood at 766 million pounds an increase of 5.7% 

on 1980 figures. 

Oampany liquidations and bankruptcies in clothing and textiles 

have risen steadily since 1979. 1985 was a bad year for oampany 

liquidations and bankruptcies although sane inprovanent has been 

shown since. The number of redundancies in the clothing and footwear 

industries is showing a downward trend since its peak in 1980/1982. 

1.2.6 OUtlook on the future of the industry 

Generally, the figures available for the current situation seem 

to oontain a number of g:xx:i signs on the productivity, sales, exp::>rt 

and ertployment fronts. '!'No very worrying features remain hClWever, the 

oontinued rise in irrports and the long tenn fall in the proportion of 

ronstnner expenditure devoted to clothing. 

M:>re expenditure on research and developnent is vital if the 

industry is to remain carpetitive in the face of rising inp:>rts. 

Table 1.11 shows the extremely small proportion of expenditure 

devoted to research and developnent in the leather, footwear and 

clothing industries as oampared to other major industries. 

Current retail demand requires a quick response fran clothing 

manufacturers, greater flexibility, greater product variety, and 

inproveci quality. '!hese aspects are essential if the U.K. clothing 

industry is to retain, or better, its position in the t league table' 

of industrial perfonners. 
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Chart 1.1 Shape of U.K~· Clothing Industry 
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Chart 1.4 
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Chart 1.5 Value of U.K. Im~orts an~ Exports - Clothing and Footwear 

~ ':. 1 

3000 - --- .- ~ -------. - . ~ ... - .. .. 

2000 ~ Jil Clothing Imports (cin 

-c: 
.2 

..... ~ 
~ 

~ 
Q) 
::l 
(ij 
> 1000 ~ /' Clothing Exports (fob) .-. 

Footwear Imports (cin 

01, ; ; : : : : : : : : Footwear Exports (fob) 

19741975197619771978197919801981 198219831984 

Source: Dept. of Trade and Industry 



~ 
~ 

·lunoO 6u!IAea Je410 iii 
Ci) 
Q) 

~ 
I-

l3 ·Jn3 ·M JO lse~ 
~ 
Q) 

1.0 0 
a; ex) 

~ 
~ 

()\ 

e:>!JJV ·N ~ Ise3 .~ 0 
~ 

CI) C/) 

+.J 
~ 

_0 
0. 

·uo:>3 ·ueld ·IUeo 8 
H 

~ 

::;:l 

4-1 e:>pewy ·N 
0 

Q) 

u 
~ 
::l 

·lunoo pall\eo Je4lQ 0 " 
C/) 

1.0 

..... 
+.J 

·Jewy U!lel 
~ 

CO 
..c:: 
u 

·0·3:1 

15 



"IUnO~ 6U!IA90 J9410 

~ 
"';::: 
II) 

~ 
tii 

"Jn3 "M JO lS9l:j <II 
"0 

CIS ... 
~ 
II) 
CIS 

\.0 
~ 
Q) 

CO "eOPJV "N ~ lS"e3 "~ > 

'" 
0 

.-t ~ 
(J) :J 
+J 0 

H 
C/) 

0 "U003 "u"eld "lU9~ p.. 
>< 
~ 

~ 

:::> "eOP9WV "N 
; 

44 
0 

<1J o !, 1 

U 
H 

"lUnO~ pelAeo Je4l0 :s 
0 

(/) 

r---

.-t "JeWV U!l"el 
+J 
H 
roo 

.c:: 
u 

"~"3"3 

16 



f-' 

---.J 

)( 
Q) 
"0 
c 

Chart 1.8 Index of Output ot Production 

Clothing. Hats and. Gloves (SIC 453) 

120 

Average 1980 = 100 

110 

100 

9041----~--~----~--~----~---r----r_---r----r_--~--~r_--~ 

1980 1981 1982 1983 1984 1985 

Source: British Business 



'18ble 1.9 Net capital expeOOi.ture at plant am machineIy as 

a percentage of total sales 

Clothing Footwear Aerospace IXrIestic Pottery Office 
electric Glass machinery 
appliance China 

1975 1.0 0.8 2.7 2.3 4.7 2.1 

1976 1.1 0.7 2.0 1.9 3.7 1.9 

1977 1.1 0.7 1.7 2.5 4.4 2.4 

1978 1.3 1.1 2.7 2.8 5.1 2.7 

1979 1.3 0.8 3.7 2.5 5.2 2.6 

1980 1.1 1.0 2.9 2.3 6.8 2.6 

1981 1.2 0.7 2.3 1.9 3.9 2.4 

1982 1.3 1.0 2.4 2.3 3.0 2.5 

1983 1.5 1.2 2.0 2.3 4.1 3.0 

Source: PA 10Q2 Business l-bnitor. 
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Table 1.10 Net invest:ment <Xl plant am mac.hl.nery (&aIUisitians less 

disposals) as a percentage of total net capital expenjiture. 

b million 

capital Plant & Plant & machineryx100% 
Expenditure machinery capital expenditure 

1979 66.9 38.0 56.8 

1980 57.2 34.0 59.4 

1981 52.9 34.0 64.2 

1982 57.7 38.4 66.5 

1983 80.6 48.0 59.6 

1984 99.0 77.0 77.7 

Source: PA 1002 Business M:>nitor. 
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Table 1.11 ExpeOOiture en researdl and developnent in Indust:zy 

~rk performed within industry by sector and product group 1983. 

Product group 

Prod. of main industries 

'Ibtal 

Chemical Industry: total 

Mechanical Eng.: total 

Metal working machine tools 

Office Machinery 

Electronic data process equip. 

Electrical & Electronic 

engineering: total 

Motor vehicles & parts 

Instrument engineering 

Textiles -other than man-made 

fibres 

leather, footwear & clothing 

Source: 

20 

b million 
Research and development 
carried out within the 
following Industrial sectors 

'Ibtal 
Ind. 

3869.9 

735.0 

249.6 

l3.2 

10.7 

247.3 

l333.6 

239.5 

49.4 

10.2 

5.3 

Private Other 
Ind. Ind. 

35l3.7 356.2 

726.9 8.1 

210.3 39.3 

11.0 2.2 

10.7 

246.3 1.0 

1115.7 217.9 

229.6 9.8 

37.1 12.3 

7.4 2.8 

2.8 2.5 

Dept. of Trade & Industry 



1.3 Tedmological developiellt in the clothing iMustry 

Initial examination of the clothing industry ~uld tend to 

indicate that since Weisenthal invented the needle with the eye in 

the centre in 1775; Th.imronier patented the first ~rking sewing 

machine in 1830; Howe invented the lockstitch in 1856; there has been 

little fundamental difference between the way stitches are made now 

and the way in which they were made in the middle of the 19th 

century. 

However, advances in technology involving electronic variable 

speed machine rotors, efficient lubricating systans and new inproved 

materials, have resulted in increased machine speeds as measured by 

the number of stitches produced per minute. At present the situation 

has been reached where the speeds obtainable for sane classes of 

machine now exceed the- ability of the operator to cxmtrol the fabric 

as it is being machined. 

The clothing industry has yet to overcane the technological 

disadvantage of the needle sewing process, which has traditionally 

required a one to one relationship between labour and sewing units. 

British Standard 3870 part 1 1982 classifies 6 different classes of 

stitch in which varying nt.mlbers of subclasses exist, making a total 

of 90 different stitch types. 'lhls situation is cmpounded by the 

manufacturers who add a variety of material transport and handling 

systems, not to mention the wide range of needle types that are used 

within the industry. 

Having stated that the needle sewing process puts the industry 
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at a technological disadvantage, it is unlikely that needle sewn 

seams for the general apparel market are likely to be replaced in the 

near or mid-term future by any alternative method which can offer the 

same strength, quality, decorative or aesthetic characteristics. 

Although it would ~ that there has been little progress on 

a teclmological level in the clothing industry it would be nnre 

accurate to say that progress has been sporadic. There have been 

significant technological developments in the ancillary functions 

associated with needle sewing. These have changed the nature of 

production over the years and have replaced old out-of-date working 

methods. 

At the I front end I of the manufacturing process there have been 

oonsiderable advances in cx:trputer aided design (CAD) systems, for the 

visual oonception of gannent styles and fabric design. Also advanced 

research is still being carried out on the problem of oonverting the 

three~sional image of the gannent into two-dimensional _ 

infonnation necessary to produce gannent pattern pieces 14 . 

In dealing with two dimensional pattern pieces using CAD 

teclmiques, the situation is oonsiderably inproved. It is now 

p:lssible to obtain CAD systems, which allow an experienced operator 

to take a standard pattern piece, digitise it or otherwise c:x:mvert it 

into a numerical cx>-ordinate form for CDlpUter manipulation, nndify 

the basic image on the visual display unit (VOO), generate other 

pattern pieces fran it, grade up or down for other sizes, arrange 

pattern pieces on a lay and even direct a OCITpUter numerically 

oontrolled cutter. 
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Fabric cutting technology is also ruch inproved, OCItputer 

(xmtrolled cutting equipnent has been with the industry for over a 

decade. The issue as to whether rulti-layer or single ply cutting is 

llDre suited to autanated production systems is at present being 

debated. Standard cutting technology involves the use of a 

reciprocating knife which is plunged into the fabric stack and driven 

around the pattern outline. Other methods have since becx:m3 available 

these include laser and water jet cutters. 

Mxiern sewing nachines (despite operating in a mechanically 

similar way to those of the late 1800 's) have advanced to the point 

where microprocessor cx:mtrol is nOl.tl beoaning an inherent feature. The 

microprocessor is used to cx:mtrol the stitching pattern, the feeding, 

ejecting and stacking of the sewn naterial, the number of stitches 

produced, and needle position, to name but a few features. 

Advances have also been made in naterial handling systems with 

the introduction of cx:JTPuter controlled conveying systems. These are 

used to minimise the anount of lNOrk in progress and produce an 

orderly system of lNOrk avoiding the build up of lNOrk piles. 
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1.4 '!be dlanging needs of t.eduX>logy in clothing manufacture 

At present ITDst manufacturing industries in the U.K. and other 

developed countries throughout the world are enphasising the need for 

technological change in their production processes. '!he clothing 

industry is no exception and much activity is currently being 

undertaken to review its present situation. '!he main driving force 

behind this initiative is the threat posed by overseas carpetition in 

the form of low cost large voltune i.rrp:>rts. In sane catecpries of 

a~el, i.rrp:>rts to the U. K. are as high as 75%. In the past, an 

increase in inports did not seem so inportant, since the clothing 

industry was able to keep roughly abreast with exports. However in 

recent years the situation has changed dramatically and the current 

trade balance bet\tJeen inports and exports is large, see table 1.12. 

lIDy hope of iJrprovenent for the clothing industry is at present 

pinned on technological change, or ITDre specifically autanation. 

Autanation can be viewed in two ways, by its technical 

characteristics and by its effect on the industryl5. The 

characteristics of automation can generally be classified according 

to one of three technological types: 

(i) Mechanisation 

In clothing terms this refers to the building and use of 

devices that can be described as worker aids, such as sinple 

mechanical devices similar to terrplates, guides and other 

positioning devices, designed to help the operator ITDve 
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material reliably or perform sinple operations on the work. 

(ii) Hard Autanation 

In loose terms this can be described as dedicated machines that 

have been designed to do one specialist job extremely well. 

This term has a rather negative oonnotation, however, in that 

these machines lack flexibility. The time involved in retooling 

and performing rrechanical adjustments can be very lengthy. 

Examples can be found in transfer systems designed for western

style jeans manufactured fran denim material. 

(iii) Flexible (Intelligent) Automation 

This type of autanation is rost favoured because of it's 

ability to respond to changing dEmmds. It is exarplified in 

the form of an industrial robot. This is defined as: 

"A re-prograrnnable multi-functional manipulator designed to 

rove materials, parts, tools, or other specialised devices, 

through variable programmed rotions to acoamplish a variety of 

tasks" [Official Robot Institute of America definition]. It is 

this type of autanation that is currently receiving much 

attention in the research institutions associated with 

clothing. 

Autanation can also be classified by the effect it has on the 

industry itself. In this oontext, it can be distinguished as 

"evolutionary" or "revolutionary". Evolutionary effects are those in 

which a machine effectively replaces a hlmlaIl worker. The machine may 

or may not perform its tasks sanewhat better than the worker did, but 
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the key ooncept is that the task is performed in the same manner as 

before. Revolutionary autanation is characterised as the invention of 

a machine which revolutionises or drastically changes the way in 

which a task was previously performed. 

CaTparing the clothing industry to the textile industry shows 

that progress in the manufacturing area seems to be relatively slow. 

The textile industry, faced with similar problems to the clothing 

industry, has made major progress in process m:xiernisation and 

autanation over the last 5 to 10 years. Examples of these process 

inprovements include autanation of opening rcans; the installation of 

chute-feeds and high production cards; the autanation (or part

autanation) of drawing; the introduction of open end spinning; the 

increasing use of shuttle-less looms; the use of autanatic systems 

for handling waste; and the alnost universal use of rnicroprocessor

oontrolled nonitoring and reporting of production variables. 

In oontrast to this many present day clothing plants still rely 

alnost totally on human labour, have oonfusing paths of material 

flow, and are operated on a piece-lNOrk basis. Sane plants cb have a 

high level of mechanisation or hard automation, this usually arises 

where great quanti ties of one product are manufactured e. g. denim 

jeans or shirts. 

In the clothing industry ertphasis is being placed on nore 

efficient materials utilisation, and on speeding up the flow of 

material through the factory. 'Ibis may in fact be nore inportant in 

the long tem than direct labour savings. However the cost of 

inventory is so high that any teclmology which allCMB a gannent to 
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pass through the system in a feN hours as opposed to days would be 

very oost effective. There is an increasing enphasis on autarration in 

SeNing and joining technologies as well as material transfer between 

work stations. It will be seen later that this is the thrust of the 

current research prograrnnes in the autanation of apparel manufacturing. 

Idealised, futuristic ooncepts of fully autanated garment 

manufacture have added to the already wide misunderstanding of 

automation. 'Ib use the word in its oorrect oontext would be to define 

it as the creation of orderly, intelligent, and efficient prcxfuction 

system through the interaction of people, machines, CXIlputers and 

automatic feedback oontrol systems to serve to direct functions, 

detect deviations, and self oorrect any errors in the functions 16 . 
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'l8ble 1.12 '1'nde balance by sector (SIC 1980 Group 453) 

b MIllions 

4531 4532 4533 4534/5 4536 4537 

1980 -46.7 -93.9 +5.4 -128.0 -25.9 +4.3 

1981 -69.0 -107.0 -29.9 -126.2 -52.5 +0.8 

1982 -68.0 -116.0 -54.0 -125.0 -90.0 +1.0 

1983 -56.0 -149.0 -61.0 -131.0 -101.0 -1.0 

1984 -87.0 -184.0 -71.0 -193.0 -157.0 0 

1985 -77.0 -196.0 -62.0 -190.0 -165.0 +4.0 

1986* -71.0 -162.0 -89.0 -151.0 -171.0 +2.0 

* First three quarters only. 

Source: Business M:>nitor (MJ10). 

Note: Negative figures indicate that irrp:>rts exceed Exports". 

Key: 

4531 - weatherproof outerwear. 

4532 - WOmen's and Girls tailored outerwear. 

4534 - 4535 - Work clothing, JreI1' S and ooy's wear, shirts, 

underwear and nightwear. 

4536 - \'bnen' s and Girls light outerwear, lingerie and 

infantswear • 

4537 - Hats, Caps and Millinery. 
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1.5 '!he need for autanation .in the clothing industry 

Clearly it is the survival of the clothing industry that is the 

driving force behind the need for autanation. However, the size 

advantage en joyed by the lcrw-wage oountries is such that autanation 

alone can in no way be regarded as the universal remedy to the 

problems facing the clothing industry17. The case study set out in 

Appendix B serves to illustrate this point. 

This case study may lead the reader on to ask the obvious 

question 'Why bother using autanation to inprove productivity when it 

is less oostly to have the products made in oountries with lcrwer 

labour oosts?' The question can be answered in a number of ways. 

Firstly, there is always the need for a nation to be able to clothe 

itself, particularly in the event of eoonanic or political crisis. 

The rate of decline of the clothing industry has been such that in 

sane oountries (e.g. SWeden) it has already droI;-Ped belcrw a viable 

size threshold. SeCX>ndly, the erosion of clothing manufacture leads 

to the erosion of upstream textile manufacturing as well, errploying 

an additional 37 million people in the developed eoonanies. Thirdly, 

there is a balance of payment requirement in sane oountries that the 

lack of a domestic clothing manufacturing campetitiveness can only 

worsen. Fourthly, the retail industry will draw in even nore irrports 

if it cannot get what the oonstnner requires fran the danestic market. 

Finally, there is the social imperative that this industry provides 

jobs on a large scale, the elimination of which would add to an 

already dire situation faced by many oountries. 

29 



The only cx>nclusion that can be drawn fran the above argument 

is that the industry is faced with a 'do-or-die' situation with 

regard to autanation. Parallels can readily be drawn with many 

industries faced with intense foreign oampetition. In these 

industries, which have managed to successfully ccrnpete with low wage 

cx>st a:rnpetition, there has been a heavy investment in technology to 

make it more capital-intense, justified by the saving in high-cx>st 

labour and in the ability to supply a different or superior product. 

'lb the extent that, and for the time being the under-developeci 

cx>untries have not been able to justify, aCX}Uire or maintain that 

technology, it has given the high-cx>st eronanies the means of 

survival and growth in these industries. German steel, Italian cars, 

Japanese audio/tv, American textiles are all very <pod exanples of 

this approach, where dcmestic high wage cx:>untries are ccrnpeting 

successfully with low-wage sources. 

It is often stated that the sole purpose of automation is to 

replace human labour. Many advocates of autcma.tion in the clothing 

industry do acknOl.alledge that advanced autc:mation will indeed lead to 

job losses but point out that the h\.lI1'al1 dilemna will be far worse if 

industry is forced to practice labour-intensive manufacturing 

processes to the point of extinction. 

More specifically automation can be used:-

(i) To inprove the quality, the utility, the ~ance, the 

desirability; in short the marketability of the product, thus 

selling more units and generating more inoame. 
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(ii) To inprove the efficiency of the production process, producing 

rrore for less, thus reducing unit costs while supplying the 

increased derrarld. 

(iii) To permit optimum Itarlagement oontrol of the entire process of 

manufacturing and marketing through c:x:I1puter based planning 

infonnation gathering and perfonnance rronitoring, thus 

orchestrating the eoonamic interplay of inoame and outflow to 

produce and to maximise profitability. 
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1.6 Fran autanation to rdJotics in the clothing irxiustJ:y 

In section 1.4, autanation is defined acrording to one of three 

teclmological types:- (i) Mechanisation; (ii) Hard autanation; and 

(iii) Flexible (intelliCJel1t) autanation. The question now arises, 

what ronstitutes a robot? This has led to much ronfusion in the 

clothing industry, and was highlighted by the author, in a review of 

automation at the IMB exhibition 001ogne18 . Many of the automated 

machines on display were described as I robotic I. The question as to 

what ronsti tutes a robot is difficult to answer, since there exists 

differences in the terminology used to describe them. Appendix C 

includes a classification which may be used to describe robots. 

"Serond generation" robots are generally ronsidered to be 

intelligent devices, with the capabilities to respond to changes in 

the working envirorunent. By 1980 I s standards, many of the devices 

classified as fixed sequential or variable sequential robots, should 

not to be classified as robots. 

Robots are generally ronsidered for use because c:x:mpared to a 

human worker, they tend to yield a product of nore ronsistent 

quality, and produce a nore predictable output. Their flexibility is 

very apparent when carpared with the rigidity of hard autanation 

systens. A robot can be re-ronfigured quickly (through the use of 

specialist software and hardware accessories) to perfonn a large 

variety of functions. In rontrast to this, hard autanation has a 

fixed notion which generally has no redundant degrees of freedom to 

allow it to process products outside its narrow rangel9. The 
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generality of a 'standard' industrial robot however, means that it 

has redundant links and features which can result in a slower 

processing time than a machine which has been designed for a specific 

task. 

Recent manufacturing trends have been to produce products with 

a relatively short life cycle. This normally requires manufacturing 

lines to be re-configured or replaced. A flexible system 

incorporating robots allows a higher percentage of cx:xrp:>nents to be 

salvaged, or the system can be quickly adapted to meet the new 

requirements. (Men20 states that there are presently six recognisable 

configurations of robots:- polar, ann and elbow, cylindrical, 

cartesian, gantry and SCARA, these are shown in figure 1.13 (a) to (f). 

The use of robots as part of the manufacturing process in some 

industries, notably the autarotive industry, is becx:mrl.ng very 

evident. '!he question is whether such a level of autanation can ever 

be established in the clothing industry. To sane, the dream of a 

CXlTpletely 'operator less' factory, where ganrents are made by robots, 

is a dream within the reach of the available technol0gy21. As with 

all dreams however, one is faced with a certain degree of reality. 

one of the first problems in robotising the clothing industry is, 

unlike other industries the raw material being processed gives rise 

to technical problems which prevent "standard" industrial robots 

fitted with griwers being used. 

It has been stated that in order for robots to bec::a1e a reality 

in the ganrent-mak.ing industry, they would require to possess the 

following capabilities:-
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1. The ability to recognise arbitrarily shaped two

dimensional pieces; 

2. The ability to ply separate and pick up small and large 

two-dimensional pieces, in a controlled manner; 

3. The ability to align fabric pieces, part-to-part and part-

to-machine; 

4. The ability to re-align these during the sewing operation, 

to allow compensation for changes in profile without loss 

of control; and 

5. The ability to sense the need for, and take appropriate 

corrective action during the sewing operation. 

It was further stated that a robot displaying capabilities 1-4 

could be applied to 26% of pre-assembly sewing operations. Increasing 

by a further 11% if sensing (item 5) was included22 . 

It is generally agreed that the introduction of robotics into 

the clothing industry will not ~ overnight and is still sane way 

away23. The industry will however have to eventually embrace 

autanation (which includes robotics) to cut its reliance on labour, 

in order to stay competitive in very competitive world markets24 . 

The challenge facing the industry with the introduction of 

robotics, must be one of cost effectiveness. A machine designed to be 

ultra-flexible will almost certainly reflect its flexibility with 

increased costs. Clark25 states, there is a cx:rmon misconception 

about robots in that they are best suited to repetitive tasks. This 
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misoonception is in fact untrue, because if a task requires the same 

operation to be repeated time after time, then the operation is best 

served by a dedicated machine. Robots should only be used where there 

is a need for flexibility. It has also been stated that robots are 

not yet oost-effective in most large-volume production applications, 

because special large-volume prcxiuction machinery can operate at 

higher speeds and perform more efficiently. Roboti.c systems only gain 

the edge when frequent changes in operation are required26. 

At present the application of robots in the clothing industry 

has a number of limitations, it is likely their application will be 

"evolutionary" rather than "revolutionary", with the autanation/ 

robotisation of stand-alone rrodules. These eventually being ooupled 

together to create larger sub-systems requiring reductions in manual 

labour content and interaction27 . People will continue to play an 

inpJrtant role in gannent making as i (i) the industry is still a long 

way fran autanating effectively sane of the three-dimensional sewing 

operations; (ii) The experience people acquire and their eye-hand co

ordination cannot easily be duplicated in a robot; and (iii) robots 

can do no nore than they are told to do, and no robot has ever 

invented a creative idea. 

The present use of robotics in the clothing industry is still 

very limited and as Disher28 reported in a review of robotics at I'IMA 

1987, "the few semi-robots for clothing were restricted to pick and 

place autanats noving single plies of fabric". Autanation and hence 

robotics will eventually be taken up in the clothing industry, 

according to Adeline29, who states:-
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"Like automation, robotization should also inprove quality 
while reducing the fupact of absenteeism and staff 
turnover; three problems that have plagued the industry for 
as long as it has existed. For those reasons as well as for 
eooncmy, the industry is likely to accept robotization as 
soon as it bea:mes available, even though it now expresses 
doubts about its needfulness". 

36 



Figure 1.13 Configuration of Robots 

a) Polar b) Arm and Elbow 

c) Cylindrical d) Cartesian 

e) Gantry f) SCARA 
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1.7 Social iJlpact of the developing tedmologies 

In order for the developed oountr~es to be able to cx:rcpete with 

the low-oost latour producers of the developing countries, it is 

generally accepted that the latour oontent needs to be reduced by as 

much as 50%. This reduction to be achieved by the introduction of 

autanated equiprent. The manpower requirements of the industry will 

therefore change dramatically over the next few decades, with great 

social implications, since the clothing and textile industries are 

major employers in the U.K. 

Sane unions are no longer vehemently opposed to the automation 

of the industry, as they appear to be faced with a double-edged 

S\>JOrd. If automation is increased it is likely manpower requirements 

will be reduced; whilst without increased automation, the industry as 

a whole will not be able to cc.rrpete with low-cost foreign inports and 

as a oonsequence will diminish, having an even greater effect on 

manpower requirements. 

Accepting that sane foon of technological change is inevitable 

in the industry, and not wishing to hinder progress ( or survival) 

unions are faced with the problem of how to best safe-guard the 

future of those employed in their industry. One way this is being 

achieved is by encouraging management to adopt a {X)licy of re

training those enployees displaced by new technology for equally 

satisfying {X)sitions within the cxrrpany. Such a {X)licy helps to 

convince the remaining errployees that the introduction of new 

technology will not necessarily result in redundancies. 
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Another reason stated for intrcrlucing autanation, is the dire 

shortage of skilled \\1Orkers and an extrerrely high labour turnover in 

the clothing industry. This point was discussed with a research 

officer for a national union having a membership of over 47,000 in 

the hosiery and knitwear industries 30 . In reply it was stated that 

evidence exists which shows the industry does indeed suffer fran the 

lack of skilled \\1Orkers and high labour turnover. However, high 

labour turnover was mainly due to the fact that over t\\1O thirds of 

the industry is made up of females, who leave their errployment to get 

married, start families, and other personal reasons. It was also 

stated however that this is the traditional structure of the industry 

and the industry itself has done a lot to enoourage this high labour 

turnover by not making the oonditions I1Dre attractive, and thereby 

enoouraging \\1Orkers to remain. 

The lack of skilled \\1Orkers is again largely attributed to the 

industry which has not done enough over the years with regard to 

training. Only the larger catpani.es terd to provide training for 

their errployees, usually in-house. These trained personnel are very 

often attracted away fran the o::ttpany by smaller catpani.es offering 

greater remuneration. 

One prcxiuct of autanation is usually the de-skilling of a 

particular operation. 'lhis in effect oounters the lack of skilled 

personnel, and increases the productivity of the operation. De

skilling an operation, especially for a skilled enployee who 

oontinues to carry out the task, can greatly reduce the ItDrale of the 

enployee. 'lhis loss of ItDrale can then spread through the CXIlpaI1y 
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leading to the general opinion that the introduction of new 

technology is not beneficial to them. 

Rosenbrock31, in his paper on this subject poses the question -

'What kind of work will be provided in the future, in the areas which 

are affected by technological change?' Referring to past experience, 

and quoting frem the theories of Ure and Taylor, he expressed the 

opinion that, where the situation has previously occurred, the 

outa:me has not always been enoouraging, with htnnan operators 

relegated to performing trivial tasks such as attending to the 

automatic machines. 

Rosenbrock expresses fears that human ability is being misused. 

An analogy is drawn with the mechanical engineering industry. It is 

suggested that an engineer would never oonsider using a general 

purpose robot for sinple 'pick-and-place' functions. A htnnan on the 

other hand, with their superior abilities are sorneti.rres asked to 

perfonn such sinple operations. He c;pes on to state that the. 

intention behind autanation is clear; it is to replace the skilled 

worker by a machine (or CXIlputer) leaving perhaps sane unskilled work 

still to be done by people, who will eventually be replaced by a 

machine. 

An alternative route for autanation is proposed, whereby new 

technological developnents are researched and developed. with a view 

to the role that the worker will play in the final system. If the 

final system is to oontain both machines and people [nothing can be 

prcxiuced without people] then the part played by both should be 

carefully oonsidered. Although htnnans are not as consistent and 
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predictable as machines, they can be extremely flexible and can 

quickly react to unforeseen circumstances. 

Tb obtain a truly flexible system without human intervention is 

extremely difficult and indeed expensive. Systems, therefore, need to 

be designed with human activities which reflect the expectations, 

skills and abilities of the worker. '!be aim should be to make the 

workers I skills nore productive, by designing autanated systems which 

accepts and oollal:x:>rates with them. Existing skills need not be 

allowed to became fossilised and unrelated to new technology, but 

should be allowed time to evolve into new skills. 

'!be final point he makes is that it is extremely difficult to 

oonvince engineers and scientists (East or West) that machines should 

be subordinate to human workers. A similar approach to the 

development of technology is held alm:>st universally in all 

industrialised oountries. A great many of those actively engaged in 

development do not believe:-

(i) Human beings have properties not possessed by machines, or 

(ii) '!be ability to oonstruct machines is inherently limited and it 

is doubtful whether or not it will be possible, despite all the 

advances in science and technology, to ronstruct a machine 

which can equal or surpass the abilities of a human being. 
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Chapter 2 

Review of Major Research Projects 
in Automated Clothing Manufacture 



2.1 Japanese research initiative - MIT! 

Research and developnent of an "Autanated Sewing Systen" (ASS) 

was started in 1982 for the purpose of establishing the various 

teclmologies necessary for an autanated sewing system. A system that 

would allow efficient small quantity production of a great variety of 

apparel products. 

The total system seeks to establish an autcmated sewing system 

for small quantities of a variety of apparel in small and medium 

sized sewing enterprises, which will reduce the per-piece 

manufacturing time by m::>re than half, cmpared with existing 

techniques. The research includes both a study of an autanated 

production system according to the development procedures of flexible 

manufacturing systems (FMS) and Flexible Autanation (FA), and a study 

of autanation from the apparel side, by classifying research 

objectives into five apparel types; tops, bottans, dresses, 

sportswear and nightwear. 

2.1.1 Backgrourd to the autanated sewing system project 

In Japan the textile industry is very inportant in tenns of 

eooncmy and social factors. '!he mmtler of enployees concerned with 

textile (including their families) is approximately 10 million. 

AWroximately 10% of the Japanese population derive their living fran 

the textile industry. '!he Japanese textile industry, as in other 

advanced oountries, is facing a nurtber of problems. '!he first problem 

is the diversification of products and rapid change of consumer 
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demand. The industry cannot oope with this trend because it has a 

large volume production system based on speculative demand. The 

seoond problem is international CXI'I'petit,ion. The surrounding 

oountries are increasing their exports to Japan, but Japan's exports 

of textiles have decreased32 . 

In order to overcome these problems the Japanese are attatpting 

to change their textile industry. The changes are:-

(i) Textiles are to be made based on actual and not speculative 

demand; and 

(ii) The shift to manufacturing textile g:xrls which have a high 

added value, and are different fran those of other countries 33 . 

The Japanese felt that for a successful change in the textile 

industry, the clothing industry must first of all change, because it 

is closer to the oonsumer and adds high value to the g:xxis. The 

clothing industry though has its own specific problems namely:-

1. Highly labour intensive. 

2. Large number of small enterprises. 

3. Small capital equipnent. 

4. Low productivity. 

5. Large financial losses due to speculative 

production. 
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2.1.2 'I'echrDlogical develqments lefKiing up to ASS 

Efforts at automating clothing production were made before the 

"Autanated Sewing System" project. "System J" was one of the fore

runners of the current project, it was started in 1970 and 

discontinued in 1975. The project was ncdelled on the Singer 

carpany's project (System 2000) which was started in 1967 and 

discontinued in 1969. The "System J" project was planned as one of 

MITI I S large scale projects but was unable to get approval by the 

Ministry of Finance, because it was viewed at the time as being 

irrpractical. A three year sub-progranme of "System JII, the 

"Autanatization of material handling of lirrp fabric" did however get 

approval and was carried out by the National Research Institute. Many 

of the researchers associated with "System J" are working on the 

present project. Table 2.1 shows technological developnents leading 

up to the present project 34. 

["System J" was a name given to the project by MITI] 
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Table 2.1 'l'edlIDlogical DeveloplBlts In '!he Japanese 

]glarel IDiustry 

1. 1969 - 1970 System J 

1971 - 1973 Automation of material handling of linp 

fabric 

2. 1974 - 1976 Automatic sewing machine of band loop 

3. 1974 - 1976 Cooputeriseci management system of Apparel 

manufacturing process 

4. 1975 - 1978 Systemation of material handling in parts 

sewing process 

1976 - 1977 Making material handling technology effective 

in parts sewing process 

5. 1978 - 1980 COmputer system of production management of 

sewing process. 

6. 1979 - 1983 Gamputerisation of pattern making fram 

apparel design. 
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2.1.3 Large Scale Projects 

The Large Scale Project is fonnally called the National 

Research and Developnent Progranme. It was founded in 1966 by the 

Agency of Industrial Science and Technology (AIST) MITI. At present 

this project supervises large scale developnents in every field of 

industrial and mining technology, except energy. In 1984 eight such 

projects were underway, the budget for 1983 was US$70,OOO,OOO. 

Projects are selected if they are regarded as urgent research and 

developnent progranmes, which require large budgets and long range 

progranming, and also involve large risk. These are designated large 

scale projects in the interest of 1:x:>th public and industrial sectors. 

There are five basic criteria for selecting projects:-

1. R&D of technology for advancing the industrial structure. 

2. R&D of technology which is expected to JMke a great 

inpact on the progress of manufacturing and mining. 

3. R&D of technology which cannot be undertaken by private 

fiIlTlS because of the large investment requirements, long 

tenn progranming, absence of profit ITOtives, high risk, etc. 

4. R&D of technology with clearly specified targets and 

well-examined attaimrent prospects. 

5. R&D of technology to be carried out in oo-operation 

with universities and industry. 

"Autc:mated Sewing System" was chosen as a large Scale Project because 

it satisfied all the above criteria. 
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2.1.4 Management of researdl am develqment 

The Industrial Technology Council was established as an 

advisory body to the Ministry of International Trade and Industry 

(MIT!). The oouncil has the task of investigating and deliberating on 

.i.np::>rtant matters ooncerning manufacturing and mining, science and 

technology. The National Research & Developnent (NR&D) cc:mnittee is 

responsible for selecting the projects, deciding on the basic 

progranrne of each project and inplanenting the plan for each year. 

'!he board of NR&D selects institutions with the ability to undertake 

research and developnent, and evaluates the results obtained. The 

autanated sewing system project is directed by the NR&D cc:mnittee. 

The Technology Research Association of Autanated Sewing System 

(TRAASS) was established in 1983, as an executive organisation of the 

Large Scale Project of AIST. The Association oonsists of one semi

public oorporation and 27 private oampanies, see table 2.2. [A list 

of the member organisations is presented in AJ;pendix D) 

The Agency of Industrial Science and Technology (AIST) legally 

possesses all the results of research and developnent under the Large 

Scale Project, even those obtained by participating private CXl1pBnies 

entrusted with financial assistance fran AIST including those 

obtained by affiliated laboratories and institutes under AIST35 • 
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Table 2.2 }b'(i)ers of 'lRAASS 

27 Private Companies: 

~el 10 

TeXtiles 3 

Sewing rrachines __ 5 

Dying & Finishing _ 2 

1 Coqx:>ration: 

Interlining cloth ___ 1 

Electronics 4 

Machinery 1 

Chanicals 1 

TeXtile Industry Rationalisation Agency 

The TRAASS is supported solely by the member ccttpanies. 
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2.1.5 Basic progtdlllle of the Autanated Sewing Systan 

The period of the project is fran 1982 to 1990 with a total 

est.iInated cost of 13 billion yen (50-60 million u. S. dollars). The 

concept of the Autanated Sewing system is shown in figure 2.3. The 

research and developnent of the project is shown in figure 2.4, and 

the flow chart of research and developnent shown in figure 2.5. 

The purpose of the project is to develop the necessary 

technologies for an efficient diversified, small quantity production 

system. The system will be able to respond to trends such as the 

diversified const.nners' demand and short cycled fashion, it is not 

aiIred at large-volt.nne production. 

The project has four fundamental targets each involving a 

number of key technologies 36, 37 ,38. The outline of each target is 

briefly described below. 

( I ) Sewing Preparation 

The objectives of this area relate to the introduction of 

fabric materials for the process proceeding sewing, these are 

classified into four sub-elemental techniques (key technologies): 

1. Evaluation of physical characteristics 

A data base will be established for setting up optimum \«)rking 

oonditions for the cutting and sewing processes. '!be Kawabata 

Evaluation system (KES) [Discussed in Chapter 6], a high shape change 

and flexibility tester, a shape stability tester and others are being 

developed for measuring fabric properties and characteristics. 
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2. Stability of fabrics 

In order to facilitate handling of fabrics in the sewing 

process, research into the techniques for tenporarily or pennanently 

stabilising fabrics and on remedying texture and curvature are being 

undertaken. 

3. Advanced pattern making 

The developnent of advanced (or high-perfonnance) patterns for 

three d.irrensional sewing. The process involves the transfonnation, by 

software techniques, of widely used patterns into geometric elements. 

The purpose being to reduce the labour content in this area. 

4. Inspection, spreading and cutting of fabrics 

This area is divided into two parts, fabric inspection and 

fabric spreading, and cutting. Fabric inspection aims to establish a 

system that can autanatically detect defects. The mesh knife cutting 

methcxi is being evaluated. Also being studied is a method of 

converting cutting pattern data into mesh signals including a method 

for marking to avoid defects in the fabric. Laser cutting techniques 

for single ply cutting are also being investigated. 
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(II) Sewing and Assembly 

'!he objectives of this area. are the cmpletion, by sewing, of 

fabrics that have been cut and prepared for sewing. This task is at 

present the rost labour intensive. Systems are being developed for 

making parts in accordance with sewing infonnation etc. which is 

integrated into the cut pieces of fabric, and perfonns assembly 

sewing by CXl1lbining the pieces. There are three key technologies 

associated with this area.: 

1. Pre-sewing processing 

In order to rrake the sewing process rore efficient, techniques 

such as folding and temporary adhesion of pieces are being developed. 

'I'erIpOrary joining by fluid is further being studied. 

2. Highly sophisticated sewing 

New sewing systems and mechanisms for autanating sewing which 

g::> beyond traditional methods, are being developed. This involves 

three dimensional sewing techniques based on two principles: 

(i) The sewing machine is roved along a pre-progranrned path 

(or the fabric is roved relative to the sewing machine). 

(ii) A technique called generative sewing is used, where a 

three dimensional support is not used, the three

dimensional fom is generated (in real time) by the seam 

lines. 

'nUs area. of work also involves the developrent of a light

weight cmpact sewing machine which can be carried on the end of a 
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robotic manipulator. Also being studied are developnents in machine 

heads suitable for flexible manufacturing. 

3. Highly sophisticated pressing 

Research is being carried out into the autcmation of the finish 

pressing process by using a flexible dummy. The dummy is modelled on 

a human body, and is capable of changing its dimensions and profiles. 

Pressing of the gannent on the dummy is achieved by internal and/or 

external means. 

(III) Fabric Handling 

This area of research involves the developtel1t of teclmiques 

for handling fabrics, fran the cx:mpletion of cutting stage through to 

the finish pressing stage. It requires the developtel1t of devices for 

conveying and positioning of the fabric between processes. The 'WOrk 

is divided into three areas: 

1. pick-up of limp materials 

This area involves the develo:pnent of mechanisms for handling 

linp materials, sinrulating the actions of the human operator. Fabric 

holding devices are also being developed which can align and hold t'WO 

plies of fabric during sewing. 

2. Precise positioning of fabrics 

'!his involves the positioning of fabrics accurately in an 

appointed place of the processing machine, and mating this with 

another piece of fabric. Various wrist ItDdules for the robotic 
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manipulator are being studied, along with vision systems for the 

mating of parts. 

3. Transfer of lirrp materials 

An initial study was made of the way in which materials are 

carried during the making-up process. This analysis will be used to 

develop a oonveying system arrangement for automatic transfer of the 

fabric between processes. 

(IV) Production Control 

This area ooncerns system management and oontrol techniques 

which are aimed at reducing the lead time in automated sewing plants. 

The research involves four elements: 

1. System oontrol 

This involves the research and developnent into finding the 

optimum process arrangement, load balancing and process control. This 

was thought necessaJ:Y to prevent the reduction in output due to 

change-overs in product type. 

2. Inspection and fault diagnosis 

This area concerns the study of automatic in-process inspection 

of materials, using vision systems to detect faults. It also includes 

research into trouble shooting techniques to llDnitor the performance 

of automated processing equipnent. 
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3. Oontrol signals on pieces and parts 

This area involves developing techniques for encxxting oontrol 

data onto the parts as they are cut. '!be data will be used to oontrol 

the autanated equipnent used for processing the parts. 

4. Reoognition of infornation on cut pieces and parts 

This final area of \oJOrk ooncerns the developnent of reoognition 

techniques which will identify the image infornation of parts, such 

as shape, \oJOrking position, pattern matching, super.i.rrposition etc. It 

involves the use of vision systems and data capture techniques for 

the data encxxled on the cut parts. 

54 



VI 
VI 

Figure 2.3 Concept of Automated Se .... ing System '-----

J? 
Slllp ... "t .'''~ 

Thre. 41 • ., .. 1011.1 IIwln9 



V1 
0" 

F~gure 2.4 Research and DeveLopment ScheduLe 

FISCAL 
YEAR \1982\1983\.1984\1985\1986\1981119881198911990 

1. Research of total 
system 

2. Research of eLemental 
technoLogl.es 

(1) Sew~ng preparat~on 
technology 

(2) Sew~ng and assembly 
technoLogy 

(3) Fabr~c handll.ng 
technoLogy 

(i) System control 
technology 

I '" 
conceptua.l. detal.ls of test 
des~ gn I ... ~ pL ant 

v, J 
bas\,c des\,gn 

I ~ Iconstru~t.on,~perat.on study of autom~satl.on 
of productl.on system 

I '" V 
concept taL ~ 
des~gn ~ 

I d I 
bas~c des~gn, etal.L desl.gn 
and construct~on of 
exper~mentaL mach\,nes I~ 

operat I. on 
test I 

and general evaluatl.on 
of test pLant 

I I " 
supportl.ng ~tudyl/ 



V1 
-...J 

F~gure 2.5 FLow Chart of Research and DeveLopment 
of Automated Sew~ng System 

1. Deve~opment of Total S~stem 

Tops Bot toms Dresses Sport swear NI. ght wear 

5. System Management and Control Technolog~ 

System I nspect I.. on Cont.rol I nformat I. on 
General and Trouble- lnformat I. on Recognl.sl.ng 
Management. Shoot I.. ng ProvI.dl..ng 

,), ,-/7 
2. SeWl.ng Preparatl.on Technology 3. Sewl..ng Assembly Technology 

Fabrl.c 1 H\.gh Perf, Fabrl.c Hl.gh Perf • ... Characterl.sl.c Cuttl.ng Spreadl.ng " SelA.ng Sewl..ng Hl.gh 
Eval.uat I.. on Pattern , Cuttl..ng / 

Pre- Perf. .. 
Parts Assembl.y Fab,..I..c Fabrl.c processl.ng Sewl.ng Sewl.ng Pres81.ng 

Stabl.l\, _at I. on Inspect on 
/'\ /'\, 

,/~ 

i. HandLl.ng Technol.ogy 

Fabrl.c POBI..t\,onl.ng ConveYl.ng Hol.dl..ng 



2.1.6 II1plications of the MIT! resea.rdl project 

The II Autarated. Sewing systan" was chosen as one of MIT!' s large 

scale projects because it was felt that .its effects would be large 

and nany. The Japanese expect the benefits of their R&D to be in 

two fonne; direct and indirect 39. 

The direct benefits of the project being -

1) Improvement of productivity. 

2) Rational utilisation of the labour force. 

3) Reduction of total msts. 

4) Improvement of product quality. 

5) Proootion of a knowledge intensive apparel industry 

On the fourth point the statement was made that the quality may 

not be as g:xx:l as that achieved by a highly skilled worker, but 

better than that produced by unskilled workers. So, the quality of 

clothing produced will, on average, be inproved. or at least 

equalled. 

Fran a technological point of view MITI feel that their 

research and developnent will increase the knowledge of handling soft 

and flexible materials. It is expected that this will have indirect 

benefits, not only in the clothing industry, but also in the medical 

world (handling of the hurren body). other indirect benefits, relate 

specifically to the clothing industry and are expected to be of help 

to small nanufacturers, who need not be disadvantaged. by lal:x>ur 

shortages. 
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On a nore general note, sane Japanese writers are of the 

opinion that Japanese management, workers and consumers are 

unaninously in favour of the robotisation Japan's industries40 • It is 

claimed that:-

(i) Management are in favour because:-

- robots can substitute diminishing labour. 

- robots do not g:J on strike. 

- robots can work 24 hours per day if necessary. 

- robots can produce products of equal quality. 

( ii) Workers are in favour because:-

- they are freed fran boring nonotonous tasks. 

- they do not have to 'NOrk in hazardous envirorunents. 

- they do not have to be 'NOrried about unerrployrnent as 

lifetime errployment with a carpany is a general 

policy. 

- they will financially benefit if robotisation 

increases the carpanies production. 

(iii) Consumers welcx:me robotisation because of the better 

quality and cheaper prices of the robot-produced 

products. 
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2.1.7 Progress of the -Autanated Sewing SystEm- project 

The aim of the project was to develop a fully integrated 

"Autanatic Sewing system", in order to fully autanate the sewing and 

pressing operations of clothing production. Tb achieve this, all 

aspects of clothing production have been addressed such as; fabric 

variations; efficiency of cutting patterns; pre-sewing and assembly 

techniques; and the other areas outlined in the basic programne 

earlier. 

At the time of writing, it can be seen from figure 2.4, the 

research and developnent schedule, that the project should be nearing 

the end of the study of autanatisation of the production system, and 

nearing the period where details of the test plant should be 

emerging. As with many scheduled research progranrnes it is never easy 

to determine whether a project is running completely to schedule. 

This is nore difficult with a large scale project, although various 

progress reports have emerged since the project began. These- will be 

discussed further. 

One of the first reports concerning the project was published 

in November 198341 . In the article progress reports were presented 

in; pattern making; and pre-sewing. The following is a brief resume 

of the progress made. 

i) Fabric inspection 

At the Negano Textile Research Institute it was reported that 

considerable progress had been made in using mini cxuputers to 

produce "handle" or "hand" profiles on the Kawabata system. At the 
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tbne it took about three hours for a fabric to be tested, mainly 

because the system relies on the manual placement of fabric pieces in 

the test equipment. 

ii) Material stabilisation 

TWo avenues to achieve fabric stabilisation were being 

explored. The first method involves physical restraint of the fabric 

using plastic film, and the other involves applying chemicals to the 

fabric to stabilise it and subsequent removal of. the chemicals after 

oampletion of the assembly process. 

(iii) Pattern making 

This area of research is being undertaken by '!bray Industries, 

who have manufactured approximately 50% of the carputer aided design 

(CAD) systems in Japan. This has involved close co-operation between 

industry and academia, and development 'NOrk in this area is roving 

very rapidly. 

i v) Pre-sewing 

AI though many sophisticated autanatic spreading machines are 

being used, much of the spreading was still being perfonned manually. 

It 'NOuld appear that the Japanese are not only developing their own 

technologies in this area, but are also adopting existing 

technologies. The Gerber cutting system, and the Spring Mills 

Autanatic Cross Inspection System are being utilised and closely 

evaluated. 

During this period there was no evidence that progress had been 

made in; the area of autanatic pressing; in the area autanated 

assanbly; or in the autanation of 'NOrk flow. However, there was sane 
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evidence put forward that the MITI Industrial Technology Research 

Institute felt that transferring goods between assembly processes, 

and establishing the rate of process flow lNOuld be ITDre difficult to 

achieve than the autanation of the sewing operations42 . 

The above progress study was made during the early life of the 

project, it was included to show that a concerted effort was being 

made to achieve the g:>als of the project. However, the study was 

perhaps made too early to accurately evaluate whether real progress 

was being made. A ITDre recent project progress report has been made 

by Aisaka43 , Director-General of the 4th department at MITI' s 

Research Institute for Polymers and Textiles. In his review of 

progress he covers in depth the studies being carried out in the four 

main areas of research. 

A ITDre objective review of current progress was recently 

presented by Hughes44, assistant Director of Textile/Clothing 

Technology Corporation ('It:) 2. His report covers the unveiling of 

major technological develo:pnents in the "Autanated Sewing System" 

project. Below is a brief reslUTl8 of those develo:pnents, which relate 

mainly to the pre-sewing activities: 

(i)Autanated fabric inspection 

A fully autanatic unit was cier!Dnstrated that was designed to 

identify the problem areas of width and length variations, 

oontarnination, location and type of defects, pattern or print areas, 

wrinkles and oolour or shading variations. 'nle systan inooIpOrates 

oonventional mechanical and optical sensors, t1NO and three 
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dimensional scanning systems using video cameras and image 

processors, these are all ne'bNorked to the main carputer. The future 

developrent plans include research into the setting of industry 

standards, the measurement of stripe widths, increasing the 

inspection speed and reducing the costs of the machinery. 

(ii) Fabric stabilisation 

A system has been developed which contains two distinct 

elements. The first involves the one-sided coating of fabric with a 

unique resin material which is applied either by a mesh roller or is 

sprayed on (depending on the fabric). The fabric is then passed 

through an infra-red oven where the coating is cured. The second part 

of the system reads the grain or stripe distortion. Based on the 

detector reading, the systen can cx>rrect the distortion by the 

CXIT'Ibined use of bow and skew rollers. The grain cx>rrection is checked 

before the fabric enters the fixation section, it must be within a 

deviation of +/- 2%. If it is passed then it will be steam pressed 

seven times, in order to stabilise the cx>rrected fabric. The system 

is campletely computerised. 

(iii) High performance cutting patterns systems. 

Research has led to the developnent of 63 rules relating 

primarily to the way patterns mate with each other. If the manner in 

which t\\1O pattern pieces are joined together or the curvature of the 

seam lines fall within one of the 63 rules, the cmputer then 

regenerates a new pattern by CXJTbining the 'bNo into one with related 

slits, notches and darts as required. 
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(iv) Autanated cutting 

A laser beam cutter has been developed for single ply cutting 

and a mesh knife cutter for multiple plies of small parts and 

difficult "fabrics. The laser system cx:rrbines autanatic spreading with 

cutting. The parts have to be manually renoved, although it was 

stated that they were working on autanated parts renoval. The system 

incorporates a stationary laser unit with the laser beam being driven 

through the X, Y co-ordinates by means of a mirror. As the focal point 

of the lens alters, the focusing lens is manipulated accordingly. The 

system is integrated with the inspection system, hence defects can be 

avoided. The entire cutting area is enclosed, and ozone is renoved 

during operation. 

The mesh knife system could be considered as a variable die 

cutting system. It consists of a matrix of 680 vertical cutting 

blades nested in a rresh pattern. The nested pattern can have two 

nndes where either 4 or 8 blades are used. '!be blades can be extended 

by their own solenoids and locked into position. The blades are 

selected or de-selected by CXlTputer to awroximate the line or curve 

to be cut, as it passes intennittently under the cutting assembly. As 

with the laser system, defect avoidance infonnation is also used to 

avoid cutting a defective area. 
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2.2 United States researdl initiatives 

As with the Japanese textile and clothing industry, the United 

States clothing industry is facing intense competition fram low-cost 

irrports. It has been stated that the clothing industries in the 

industrialised nations are unable, with current technologies, to 

retain their markets because the differences in labour costs are so 

great45. At 1985 prices the hourly rates of clothing production 

\tJOrkers in Korea, Taiwan and Hong Kong ranged fram US$O. 70 to $1.23. 

In contrast to this the rates in the U. S. and European countries 

ranged fram US$5.70 to $10.40. 

In August 1983 Kurt Salm::m Associates (KSA), a \tJOrld renown 

consultancy c:x::npany, prepared a report for the American Apparel 

Manufacturers Association (AAMA) and the U. S. department of cx::mnerce 

entitled "The cmpetitive needs of the U. S. Apparel Manufacturing 

Industry". The report stated that the average cost disadvantage 

between the U. S. apparel industry and the developing nations is 

approximately 14.7%. This means that a direct labour content 

reduction of 40 - 50% \tJOuld need to be made in order for U. S . 

industry to regain a oampetitive position on a \tJOrld-wide basis46 . 

They concluded that the only means of achieving this reduction in 

labour costs \tJOuld be by increased autanation. 

In the united States there is no oampletely state-funded 

research programne for clothing autanation as exists in Japan. SaTe 

institutions are, however, doing research and the U. S. Congress 

Office of Technology Assessment is funding research at North carolina 
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State University that describes the current state and future 

directions of clothing and textile teclmology47. Research is also 

being carried out in the private sector with finns such as Gerber, 

Cleutt-Peabody and Farah carrying out in-house research and 

developnent. 

The ITDst significant technological break-through in the area of 

clothing automation has been carried out by the Textile/Clothing 

Technology Corporation ('IX:) 2 . Another of the significant research 

efforts has been carried out by the Singer Catpany. The following is 

a review of the Singer MARS project and the ('IX:)2 project. 

2.2.1 Singer's MARS project 

MARS is an acronym for Manufacturer Applied Robotic Sewing 

system, developed by the Singer carpany. The system was first 

introduced at the 1984 Bobbin Show in Atlanta GA, USA. The robotic 

systems are designed with a view towards m:x:I.ularity and also- designed 

around the same basic cx::rrponents, this allows costs to be minimised, 

maintaining the return on investment (ROI). Singer initially tackled 

four main areas; autan:>ti ve prcxiucts (seats etc.), shirts, jeans and 

shoes48 . The areas have since expanded and now include other items of 

clothing and also non-sewn products. All MARS units are designed to 

function without direct labour. 

There is a great deal of secrecy surrounding Singer's MARS 

project, and infonnation of a teclmical nature is very difficult to 

obtain, although MARS units have been cx:mnercially available for a 

mmber of years. The sirrplest of stations cost in the region of 
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$150,000. These systems have achieved same degree of success 

especially in the automotive car seat industry where a major contract 

to supply units has recently been lNOn fran General lot)tors49 . This 

success has not however been repeated in the clothing industry. 

MARS Robotic units are based on a gantry configuration, (see 

figure 2. 6) and are produced in a series of assemblies which are 

designed for the parts being made. 

Series 100 units are 4-axis pneumatically driven sewing systems 

custanised for processing small parts, incorporating a progranmable 

300u twin needle, bJo-thread chainstitch machine. 

Series 200 units are 4-axis electrically driven gantry systems 

custanised for joining bJo or IlDre plies of material, sewing with or 

without sirm.lltaneous edge trimning, and binding or overedging single 

or multiple plies of material. In addition to the normal cartesian 

oo-ordinate IlDvement (X, Y & Z) the end effector has the ability to 

rotate around its axis. 

The series 400 units are 2 to 5 axis pneumatic 'pick and place' 

systems custanised for processing small parts used in the fabrication 

of garments and other articles. It can also be used for automatically 

loading existing gannent transportation systems. 

Also available is a range of CXlTputerised 'pick and place' 

robots which have articulated anna. End-effectors can be designed for 

particular awlications, and can be quickly and easily IlDunted and 

interchanged50. 

MARS Robotic Systems inoorporate technologies that can be 

cx:rnbined into lNOrk stations for CXlTplete automatic perfonnance of a 
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series of sewing assanblies. '!bese work stations can be further 

<XII1bined to fonn flexible in-line manufacturing systems to automate 

product assemblies or sub-assemblies. 

It is stated51 that "two d.i.nensional robotic sewing can reduce 

jeans direct labour cx:mtent by as nruch as 46% and that with the 

eventual application of three dimensional robotic sewing systems, a 

direct labour reduction of at least 75% is feasible". 

2.2.2 '!be Textile/Clothing Technology OJrplration ('.OC)2 

'!be Textile/Clothing Technology Corporation ('IC)2 was created 

in response to a study carried out by two Harvard professors, Dr. 

Frederick H Abernathy, an engineer, and Dr. JOM T Dunlop an 

eroncrnist and former u. S • Secretary of Labor, to detennine the needs 

and directions for automation in the clothing industry. 

During the study of the industry it was found that the areas of 

cutting in many cmpanies had been greatly influenced by rrociern 

technology. But the joining operations (especially sewing) had not 

changed over the last two decades. In the sewing operations it was 

also found that the sewing machine was only run for approx.irrately 25% 

of the time. '!he rest of the time was spent handling and manipUlating 

the material. 

'!he sewing machine had been the subject of research and 

developnent alrrDst since it's invention. It was found unlikely that 

dramatic inprovements in clothing manufacture oould be made by 

ooncentrating on the machine itself, as speeds of operation are now 

such that maximum speeds are rarely ever used. '!his left the area of 
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handling upon which to be ooncentrated. 

The recxmnendations of the study led to representatives of the 

Amalganated Clothing and Textile Workers Union (ACIWU), the textile 

industry, the clothing and fibre industries joining together to form 

what was originally called the "Tailored Clothing Technology 

Corporation". The U. S. <Fvernment (Department of Ccmnerce) provided 

half of the initial funding to match that provided by industry. 

It was decided to target the initial research efforts on the 

oamplete automation of the sewing assembly operations for a single 

rranufacturing task - a man I s suit ooat sleeve. This was to include 

the full range of problems that would be oonfronted in automating 

other items of clothing; inseam fullness, cuffs, vent tacking, and 

sewing of an outseam while maintaining careful aligrnnent of the 

edges. Success in the developnent of a prototype indicated that the 

technology had much wider applicability than sinply to mens I tailored 

clothing. This led to the change of the organisation 's naJl'e, in 1984, 

to the Textile/Clothing Technology Corporation ('OC)2 52. 

See Appendix E. 

2.2.3 ('lC)2 research and developnent prograllile 

'!he Charles Stark Draper Laboratory in carroridge Mass. USA, 

noted for its invention of inertial guidance systems and 

participation in lunar landings, were selected by ('OC)2 to oonduct 

the initial research and develq:mmt prograrme. The decision was made 

early in the life of the project, that rather than carry out generic 

research, one particular item, the sleeve of man I s suit jacket would 
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be chosen. 'nle operations necessary to CXlTplete the sleeve are shown 

schematically in figure 2.7. 'nle sequence beginning with the sewing 

of the pre-cut inner and outer sleeve segnents at the seam (a). The 

cuff vents are then formed, first by opening the inner sleeve (b) 

followed by folding and tacking of the vents (c). 'nle sleeve is then 

prepared for closing by returning the sleeve to its original position 

(d). Finally, it is c:arpleted by matching the inner and outer sleeve 

elbow edges and sewing the elbow seam (e). Research was carried out 

in four main areas; transporting the fabric; positioning the sewing 

machine; easing the fabric; and alignment of seam edges. Technical 

details of the oontrol system for the robotic folders are presented 

in a paper by Bernardon and Kondoleon53 . The follOW'ing gives a brief 

overview of the project. 

1. Transporting the fabric 

'IWO distinct awroaches were taken in order to I1l)ve the fabric. 

One involved I1l)ving the fabric by oovering it with a foamed backed 

presser foot similar to that used in an autanatic shirt cuff machine. 

The other involved supporting the fabric fran above by a series of 

parallel foam backed belts. The first awroach was rejected because 

of the limitation of having a different presser foot for each size of 

sleeve or part. The seoond approach of using the I1l)ving belt system 

was chosen for developnent. 

2. Positioning the sewing machine 

The noving belt system was designed to I1l)ve the fabric through 

the sewmg machine. By I1l)ving the sewing machine perpendicular to the 
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belt it is possible for the needle to follow the edge being stitched. 

The first version of the machine incorporated a standard lockstitch 

machine which was mxti.fied and lTDunted on a plate that allowed it to 

rotate about the needle position. A standard sewing head, feed system 

and presser foot were used in the original roncept. 'Illis was later 

changed, with the standard feed being replaced by a continuous lTDving 

belt top feed system. 

3. Easing the fabric 

Rigidity of the fabric to be sewn was achieved by the lTDving 

belt system. These belts interlocked over the fabric but were capable 

of roving apart allowing access to the fabric by the sewing machine 

for stitching the seam. The belts can then close around the needle to 

support the fabric being stitched. A serond series of belts below the 

fabric, just before the sewing machine allowed the fabric to be 

"eased" as it was being stitched. 'Illis was achieved by driving both 

belt systems at slightly different rates. The differential lTDtion 

allows one ply to be advanced or retarded (eased) relative to the 

other, inserting fullness where required. The sewing system developed 

by ('R:)2 dem:mstrated that stitch quality can still be maintained 

when stitching a rontinuously lTDving fabric, as ORX>sed to 

ronventional sewing where the fabric is stationary when the needle 

enters. 

The first three areas fabric transport, positioning the sewing 

machine and easing the fabric were regarded as the first milestone in 

the drive towards cx::JTPUter controlled sewing. 
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4. Alignment of seam edges 

'!he next crucial step in the process of sewing the sleeve was 

to autanatically align the edges of the seam to be sewn. This led to 

the developnent of a unique end effector which could be ITDunted on an 

industrial robot. '!he end effector consists of 14 cloth pickers, able 

to pick up individual plies of fabric fran a multi-ply stack. The 

pickers are ITDunted on a flexible urethane spline which can be 

deformed to match ITDst "c" or "s" -shaped cloth edges, see figure 2.8. 

In order to detennine the correct shape of the spline and 

position of the robot, a camera is located above a reflective folding 

table. Fabric edge location information gathered by the camera is fed 

to a microcx::JTPuter, which calculates the location of key tNOrk piece 

points and ck::Mn loads to an 1MB-PC. '!be PC takes the vision data and 

calculates the shape required for the spline and the robot co

ordinates needed for folding. 'nle operating sequences are then ck::Mn 

loaded fran the PC to the robot controller and spline stepper ITDtor 

controller. 

All the elanents necessary to cmplete the factory were built 

and assembled at the Draper Laboratory. It consisted of a number of 

m:x:iules: 

1. An autanatic loader to insert parts to be assembled into 

the transfer line. 

2. A viewing table that allows the autanatic vision system to 

recognise the parts. 

3. A robot and end effector that can fold and align the edges. 

4. A transfer c:b:>r that slides the parts to the sewing 
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station and; 

5. A sewing unit with feed belts and a sewing nachine under 

cx:mputer control. 

Figure 2.9 shCMs the ('Ie) 2 autatated sewing systen. 

2.2.4 Omnercialisaticn of the (':OC) 2 prototype 

The Singer Carpany was invited in late 1984 to review the 

technological developnents that had been made by_ ('Ie)2, with a view 

towards oammercialising the prototype and it's derivatives for the 

U.S. sewn p~ucts indust~. 

Singer had been 'It'Orking on their own project MARS (discussed 

earlier), and saw this as an exciting opportunity to cx::trbine their 

own research efforts with those of ('Ie) 2 , to accelerate the 

application of new technology in the u. S. apparel industry. 

Singer's first task was to carry out a feasibility study, of 

the ('Ie) 2 prototype, into the technical and econanic aspects, which 

they did early in 1985. their study found that the project was 

technically feasible since each m:xiule fell within current state-of

the-art technology. They found. however, that in order for such a 

system to be economically viable they 'It'Ould need to address the 

manufacturing cost aspect with a view to significantly reducing the 

cx>st of the system. 

'!be Singer carpany then proposed a prcxiuction readiness 

progranme, which started in mid 1985 with the transfer of technology 

fran the Draper Laboratories to Singer. '!bis was achieved by building 

three prototypes, in a cx>llaborative venture. '!hey then followed this 
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in Sept:.errber 1985 by a product application; definition analysis; and 

a oost reduction analysis which started in January 1986. 

'Itle Singer CcrIpany also oonducted an analysis to detennine the 

near term application potential for the developed technology and the 

necessary a:JTbinations of m:xiules to address the selected 

applications in the optimum nanner. 'lbeir analysis showed that a 

significant market potential existed for the technology, as long as 

the product oost and through-put target levels oould be reached. 

'!be study oonsidered the application of the technology to a 

wide range of ~el products, but ooncluded that in order to 

reoognise the current state of the technology and the need to nove 

quickly; the initial industry segnent to address should be tailored 

clothing, with specific applications utilising ('IC) 2 technology 

including: 

1. Trousers side seam, waistband and inseam; 

2. Coat sleeve outseam, vent tack and inseam; 

3. Coat back seam; 

4. Coat sleeve lining and outseam; and 

5. Coat front to side seam with dart. 

Singer have proposed a nurrber of oonceptualised multi-station 

nodular transfer lines for each of the five awlication areas. Figure 

2.10 shows the ('IC)2 transfer line for suit ooat sleeves, this has 

been oonfigured to achieve the same task as the original prototype 

but was designed to inprove the throughput and payback times. 
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Singer estimate, fran their preliminary analysis, that the 

payback periods will range fran 1.6 to 3.4 years with an internal 

rate of return (IRR) of 38% and 18% respectively. 

2.2.5 ProgI::ess aId future of ('lC)2 

'!he autanated sewing system developed by ('IC) 2 is currently 

being put under test at two leading U. S. apparel manufacturing 

plants, the Palm Beach CClrpany and Hartma.rx Inc. Each has accepted 

the prototype m:xiular systems to carry out extensive tests in their 

respective manufacturing plants. Both c:mpanies were original 

participants in the ('IC)2 project and see great potential in applying 

the new technology in their production lines. 

As the research and developnent of ('IC) 2 progresses, the 

relationship between ('IC)2 and ~el manufacturers (who of oourse 

will be the custaners) is growing. ('IC)2 and the American Apparel 

Manufacturers Association (AAMA) are taking steps to increase the 

cross fertilisation between the two organisations, with AAMA 

directors having influence over the research. '!he AAMA is also 

enoouraging its merrbers to join and support ('Ie) 2• 

Although much research has yet to be done, ('Ie) 2 are beginning 

to tackle the broader needs of the industry. A research progranme 

devoted to knitwear has also been started. '!his is viewed as a long 

tem research effort and is directed at developing techniques for 

fully autanating the production of knitwear items such as jogging 

suit bottans. Also research is being carried out into the autanation 

of sewing double-felled seams (the kind found in jeans). 
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('IC)2 has established a technology centre in Raleigh Ne, USA in 

order to encourage arparel manufacturers to take advantage of new 

technology. '!he centre is aimed at allowing fibre, textile and 

~el m:inufacturers the owortunity to see at first hand the new 

developnents. Also on offer will be the training and education of 

managers, engineers and technicians in the use of their technology. 
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F~gure 2.1 Sequence of Operat~ons 
~n Sew~ng a Man's sLeeve 

outer sLeeve 

( a ) 

l,nner sLeeve 

l,nseam 

( b ) 

(c ) 

vent 

vent tack 

( d ) 
--

eLbow seam 

( e ) 
- - - -- ---
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Figure 2.9 (TC)2 Automated Sewing System 
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Figure 2.10 Concept of Transfer.. Line - Suit Coat Sleeves 
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2.3 Eul:'qlean researdl :initiatives 

2.3.1 Olalners university - FIGRAMA 

SWeden was one of the first highly industrialised oountries to 

be hit by the apparel crisis about 20 years a<p. '!he causes were 

attributed to the following factors: 

(i) High wage levels in the labour intensive Swedish apparel 

industry, meant that the industry was unable to c::x:llpete with 

low-oost .irrp:>rts fran the developing oountries. 

(ii) SWeden staunchly supported free-trade, the g:>ve:rnment did not, 

therefore, introduce any major protective trade barriers to 

shield its industry. 

The decline of the industry had the following devastating effects: 

(i) Personnel and technical developnents, along with investment in 

new technology gradually declined. 

(ii) Many apparel manufacturers went out of business and many 

retailers went "off shore" for cheaper manufacture. 

(iii) The Swedish awarel 'MOrk force declined to less than half its 

fonner size. 

The feM ~el manufacturers who managed to weather the storm 

did so by introducing high technology equipnent and maintaining a 

high level prcxiuction of the traditional strong points of Swedish 
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~el that is high fashion/high quality apparel, manufactured in 

small quantities and delivered within an agreed time. 

In order to ensure that the crisis did not CXI'Ipletely devastate 

the awarel industry the cpvernment introduced a n\.JIT'ber of supfOrt 

progranrnes. This included financial SupfOrt, aJlDunting to sane 40 

million u.s. dollars annually. AWroxirnately two thirds of which went 

into social progranrnes. Structural and technical developnent studies 

and projects were created, funded and administered by the National 

SWedish Board for Technical Developnent (S'IU) and the National 

Industrial Board (SIND) in oo-operation with the SWedish TeXtile and 

~el Manufacturers Association. 

A special Apparel Research and Developnent group was also 

formed, it was chaired by Professor Bengt. Edberg, Head of the 

Institute of TeXtile Technology at the Chalmers University of 

Technology in Gothenburg. The research part of the studies and 

progranrnes is carried out at Chalmers University and the Institute 

for Management of Innovation and Technology (IMIT) a SWedish non

profit research institute. 

A nuni:>er of research and developnent projects were initiated. 

Sane wre of a short term, direct industrial awlication nature, 

whilst others were of a longer tenn technology developrent nature. 

The former were allocated to apparel/equipnent manufacturers, while 

the latter were handled by research teams at Chalmers University in 

oo-operation with IMI~5. 
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FlGARMA - FUlly Integrated Gannent Manufacture 

FIGARMA is an attempt to outline a solution to the problem of 

autanation in gannent manufacture by applying the advanced 

technologies inherent in distributed, interactive data processing 

ne'bNorks. 

'!he following is a brief overview of the FlGARMA system taken 

fran a paper presented by Nilsson56, Associated Researcher at 

Chalmers University: 

Basic areas of a sewing assembly operation 

Autanation of sewing assembly focused on the key operation of 

the sewn products industry, that is the sewing operation itself. The 

five major areas of a ronventional sewing operation are classified as: 

1. Garment elements 

Fabric parts and accessories kept together throughout the 

entire assembly process by a Bundle Control System (BCS). 

2. Machine ftmctions 

'!his cx:trprises the sewing machine which is ronsiciered to 

ronsist of a single purpose stitching system. Ancillary equiprent 

such as attachments are ronsiciered to form part of the machine 

functions. 

3. Manual operator functions 

'!his cx:rtprised the sewing operations. '!he functions ronsisting 

of pick-up, position/guicie, sew/feed/speed, and extract/discard. The 

operator functions are either routine or skilled in nature. 

84 



4. Transport.{handling functions 

'!his is the transfer of material and parts by ronveyors which 

I'IDVe the bundles fran one \\'Qrk station to another. 

5. Supervisor functions 

The production line supervisor rontrols the perfonnance of the 

individual operator and machine functions. '!he main task of the 

supervisor is to achieve a srrooth balanced processing of the gannent 

elements through all assembly operations. 

FlGARMA - !.evel One. 

A Fully Integrated, Self-Adapting Production Cell 

The FIGARMA roncept roncentrated on the five basic areas 

discussed above, and proposed changes that \\'QuId occur in the future, 

in a fully integrated and carputerised manufacturing environment: 

1.Garment elements 

'lbese carprise the same elements as before, but the bundle 

rontrol system is substituted for a Gannent Identity System. The 

problem of autana.ted re-threading in the Rotary Stitching System 

\\1Ould need to be ack:iressed. 

2. Machine functions 

'!his \\'QuId CXlIprise of a new roncept in sewing machines - a 

nulti purpose mechanical system with a rotary stitching system. The 

autanated machine functions being rontrolled by a cmputer with the 

capability of adapting itself to variations generated by the data 

net\\1Ork environment. 
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3. Autanated/manual operator functions 

'lhese would involve the use of autanated operators (robots) for 

picking up, positioning etc. It would also need to include operators 

who would shuttle be~ operations or be pennanently attached to a 

production cell where an operation cannot be autanated. 

4. Transport{handling functions 

This would oonsist of a fully autanated transfer oonveyor. It 

would include a new ooncept in transfer oonveyors - the shunting 

oonveyor, which represented a standby transport/handling function 

interacting with the transport oonveyor in linking all work stations, 

anywhere in the plant. 

5. Autanated supervision 

This would CXl'!'prise the now fully autanated functions of the 

former line supervisor, perfonning autanated self-aligning flow 

oontrol. 

All individual nachines in the ass€l1'bly line are oontrolled by 

a special llilchine oontrol cx:rrputer. It oontrols the perfonnance of 

each machine and also re-sets the rotary stitching system of the 

flexible, multi purpose sewing nachines. ['!he machine oontrol 

CDtpUter referred to in the text 'NOuld rrcre accurately be described 

as a machine supervision cmputer.] 

'!he special operator oontrol CXlTpUter ITDnitors the on-line 

functions of all operators whether they are shuttling or stationary, 

and controls the perfonnance of each operator. 

'!he special product flow CXlTpUter ITDnitors the on-line 

functions of the production flow, and interacts with the machine and 
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operator control CXI'Iputers. 

The shunting CXI'Iputer m:>nitors, on-line, the functions of the 

shunting flow, interacting with the oth~r three CCIlpUters controlling 

machines, "operators and product flow. 

FlGARMA - level '!'No 

The Self-Aligning Production Flow 

All three areas of production and handling activities "are 

m:>nitored and controlled by four line CXI'Iputers, which interact with 

each other. These line CXI'Iputers are connected to a central main 

frame computer via a plant oamputer network. 

D.lring assarbly the gannent epes through a nl.llTber of discrete 

operations. For each operation there is the process of; pick-up, 

operation, discard. This is performed in an in-line process, and is 

oontrolled by the machine control CCIlpUter which interacts with each 

individual machine. 

Relevant custaner, style, material manufacturing and shipping 

information regarding the particular production order is stored at 

the onset in the plant CXlTputer network databases. Accessories, 

threads etc. flow onto the production line fran stocks, and fabric 

parts fran the preceding CXlTputer aided design (CAD) operations. 

As a result of the intricate interaction between databases, 

software packages and other CXITpOnents of the plant CXIIpUter network, 

the production flow of each individual line, and of all lines in the 

plant, is m:>nitorec:i and controlled on-line, in a way that cannot be 

achieved by present CXlTputerised management support systans 
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In the event of a machine breakdown, the machine I son-board 

cx:rrputer \«)uld infonn the machine oontrol carputer, this in turn 

\«)uld infonn the production flow cx:rrputer and the operator oontrol 

cx:rrputer. '!he shuttle/cell operator should then be able to attend to 

the machine breakcbwn in acoordance with instructions stored in 

ran.cbn access mem>ry (RAM) of the machine. '!he production flow 

cx:rrputer in the mean time \«)uld have alerted the shunting oonveyor, 

which begins to absorb the parts fran the preceding operations of the 

machine which is down. 

If the breakdown lasts longer than a pre-established deadline, 

the production flow cx:rrputer \«)uld instruct the nachine oontrol 

oamputer to reset the rotary stitching systems of all nachines, via 

their RAM, ci::Jwnstream of the nachine which is cbwn. Hence, if a 

production line were to oonsist of five nachines nurrbered 1 to 5, in 

an in-line nanufacturing system, and nachine nurrber 3 breaks ci::Jwn, 

then the machine oontrol carputer \«)uld instruct machine m.nnber 4 to 

change its functions to that of the 1lci::Jwn1l nachine, mnIDer 3. Machine 

no. 5 machine \«)uld then change its functions to that of nachine 

nurri:ler 4. Each line \«)uld have t1No reserve nachlnes, one of the 

reserve machines \«)uld replace the final machine required to catplete 

the process (number 5). '!he shunting oonveyor \«)uld then be 

instructed to re-direct the garments to nachine mmt>er 4 I thereby by

passing the broken 00wn machine and preventing a bottle neck 

situation. When the 1ci::Jwn" machine is repaired then the production 

flow cx:rrputer \«)uld instruct the machines to return to their original 

set up. 
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'!he shunting line oc:rrputer has the capability of balancing the 

prcxiuction flow by changing the speed of both lines and/or spacing 

the parts as they are fed back. to the production line. No operator is 

allowed to meddle with the cxnputerised operations directly. Any 

interventions are made by a set of fail-safe emergency procedures 

stored in the databases of the plant carputer network, controlled by 

the plant . manager . 

Machine speeds can be varied by the machine control cxnputer 

under instruction fran the production flow CClTputer. This can 

contribute to balancing the flow of the production line. 

The system proposed is self-aligning to other variations in the 

production flow, apart fran pure emergencies. A similar, fully 

autanated procedure is carried out when the production line has to be 

re-aligned for a new production order. 

FIGARMA - level Three 

!.Dcal Data Processing Network 

'Ihe FICiARMA data processing network carprises the familiar 

cx:mp:>nents inherent in traditional gannent manufacture and sane 

ooncepts that are CCIlpletely new to the industry. The data network 

oonsists of software packages/ programnes which cover the following: 

Discrete Order Tracking System - "OOI'S" 

Resource Allocation l-txiel -"REAlM" 

Design ~imisation Simulation lb:iel - "OOSIM" 

Production ~imisation Simulation l-txiel - "POSIM" 

Autanated M:>nitoring System - "A'lMJS" 
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The FIGARMA ooncept is extended further in the fully integrated 

macrosystem (FIRM) ooncept, where apart fran the production aspects 

oovered by FIGARMA, other areas of ~y operations that should 

fonn part ·of the fully integrated and cx::rtputerised systems structure 

are included, namely: 

Marketing, 

IDgistics, and 

.Administration. 
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2.3.2 BRl'lE 

'!be Basic Research in Industries Technologies Prograrrme (BRITE) 

is a programme of collaborative industrial research and technologies 

developnent programme supported and pratDted by the European 

Camrunity. It was started in 1985 and was designed to enhance the 

cx:rtpetitiveness of European manufacturing industries in world 

markets, and to encourage these industries to aCXlllire a finn 

foundation in the industrial and materials technology base required 

for the essential strategic, innovative product and process 

developnent. 

BRI'IE aims to achieve its objectives by suWOrting, on a shared 

cost basis, European industrial research and technologies development 

on pranising new projects to be undertaken in a frarne'w'Ork of 

international collaboration within the European catmunity and, under 

certain special conditions, European Free Trade Association (EFTA) 

countries. It promotes collaboration in strategic industrial research 

bet1Neen industrial finns and cx::rrplanentary centres of expertise in 

industry, universities and research institutes. BRI'IE also seeks to 

encourage transfer of technology between industry sections and 

particularly to those sections with a high proportion of small and 

medium size enterprises (SME) which need to exploit new technologies 

to irrprove their perfonnance. 

Phase I of BRI'IE was for the period 1985 - 1988 and included 

clothing research and developnent projects to be fifty percent 

financed by CcJmrunity Funds. '!bese projects came under the heading of 

break-throughs in new production technologies suitable, for products 
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made fran flexible materials. During 1986 13 oontracts were 

awarded57 . '!hese are outlined in Table 2. 11. 

Phase II of BRI'lE provides a new list of projects for period 

1989 - 1992. under the first call for proposals it is expected that 

awroximately 70 Mn ECU will be made available by the cxmni.ssion to 

sUI=POrt new projects58 . One of the priority themes for phase II in 

the third technical area, entitled 'AWlications of manufacturing 

technologies I, is manufacturing processes for flexible materials, in 

particular manufacturing processes for clothing and footwear. Under 

this priority theme calls are made for projects in the following 

areas:-

3.2.1. Novel approaches to production, dyeing, printing and 

finishing of small batches of materials with 

oonsistent properties. 

3.2.2. Design and simulation of manufacturing processes for 

applications in flexible materials, such as leather, 

textile and CXlTp)site products. 

3.2.3. Fault detection and analysis systems at all stages of 

the manufacturing process. 

3.2.4. New spreading and cutting techniques including high 

speed, single ply systems for small batches and multi

layer systems for patterned materials. 

3.2.5. Handling, transport and buffer stores for flexible 

materials between lNOrk stations. 

3.2.6. New systems for renoving pieces fran the cutting table 
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and transfer directly to the next station. 

3.2.7. Autanated assembly cells able to work with minimum 

operator adjustments on a series of different items or 

on very small batches. 

3.2 .8. New sewing technologies (autanatic thread changing or 

without the need for thread changing) to allow IlDre 

flexible production. 

3.2.9. New finished techniques to inprove or replace ironing 

Ipressing for assembled or semi-assembled products. 

One of the projects that was approved for EEC funding under the 

BRITE scheme is a oollaborative research project between Courtaulds 

Clothing Ltd. ,U.K., GEC Electrical Projects Ltd. ,U.K., and Pfaff 

Industriemaschinen Qrbh, West Gennany59. The EC are providing 50% of 

projected research oosts of 4.25m ECU (approx. b2.5m) for a three 

year project. 

The objective of the project is to develop a system to take cut 

fabric parts, and using specially developed robotic handling devices, 

carry out sane of the assE!'l'bly and sewing operations totally under 

autanatic oontrol. It includes research to develop a series of 

interchangeable IlDdules which can be integrated to form a sequential 

production line, which can be readily changed to suit alternative 

gannent styles. '!he ncdules oonsisting of; stacked fabric separation 

and individual part feeding; sewing units; manipulation and assembly 

of parts in preparation for sewing and; transfer of parts between 

sewing and handling units. The sewing ncdules are to be associated 
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with highly sophisticated robots capable of the accurate speed and 

path control required for the sewing operation. Similar robots are 

being used with the manipulation and parts assembly modules. 

Courtaulds Clothing Ltd. are responsible for co-ordinating the 

research project. In addition to their direct contribution, they will 

also fund work into solving the problems of handling non

c:limensionally stable fabrics. GEC Electrical Proj~s Ltd. are 

responsible for the design and manufacture of robots and control 

systems to meet the requirements of this application. pfaff 

Industriemashinen Qrbh are responsible for providing m:x:lified sewing 

machines which will ensure reliable operation without manual 

oversight or intervention. 

Initial research by Courtaulds has involved the autanated 

handling of the production of briefs, which are of a two dimensional 

construction fran start to finish. 

Progress reports on Phase I BRITE projects are extremely 

difficult to obtain as many of the projects are still under research. 

It is expected that when phase I projects are catpleted the resultant 

information will be made available for all EC participating 

countries60 . 
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Table 2.11 PX: BRl'lE Q:ntracts for Clothing R&D Awarded in 

1986 

Participating 
Countries 

1- A real-time integrated operator U.K. 
oammunication system affordable Nether lands 
bySME Irish Republic 

2. catputer-Aided Design of clothing W. Germ:my 
Netherlands 

3. Continuous cutting system with 
Irish Republic 
W. Germ:my 

autanatic inspection and dynamic France 
pattern layout as applied to the U.K. 
gannent industry 

4. Folding devices and sensors to W. Germ:my 
autanatic sewing machines for Belgium 
mixed prcxiuction Netherlands 

5. Highly flexible prograrmable Italy 
nDdular sewing centre capable of France 
perfonning the full range of U.K. 
operations 

6. Autanatic sewing and ironing unit Italy 
with heads coupled to simultaneously France 
work the two opposite sides of an 
article of clothing 

7. Flexible manufacturing system for W. Germ:my 
aut.anated assembly of ~el U.K. 

8. Fit optimised pattern design on the W. Germ:my 
interactive graphics screen Belgium 
(20 construction) Derunark 

9. 2D and 3D gannent ITDdelling Belgium 
W. Germ:my 
France 

10. Autanation of the processing and France 
cutting of patterned materials 

11- Planning, develq:ment and dEm:>nstration France 
of a pilot flexible cell for diversified W. Gennany 
manufacturing 

12. Planning and develq:ment of an infOIma- W. Gennany 
tion and oammunication system for Nether lands 
CDrplter integrated manufacturing 

13. Developnent of standardised material W. Gennany 
transport devices for the sequential Denmark 
automation of the processing of 
flexible materials 

Source: European carmission 
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2.3.3 university Of Hull 

The uni versi ty of Hull have a nUJl'ber of on-going projects 

concerned with autanated fabric handling. A brief ove:rview of these 

projects follow:-

1 Prototype robot work station for the notif application 

process with the gannent manufacturing industry. 

This research project brings together t'WO areas of developnent 

previously carried out at Hull; vision applied to the orientation of 

an embroidered notif in the textile industry61 and; a sensory gripper 

for handling textiles62 .(described in chapter 6). The project is a 

collaborative project, funded by the U.K. Science and Engineering 

Research Council (SERe) robots initiative, between the University of 

Hull Robotics Research Group, Marks and Spencer PlC and COrah PlC63 . 

The task undertaken was to use a programnable robot to pick up 

an individual ply of fabric fran a stack, then place on this fabric a 

IIDtif in the correct position (+/- lnrn) and orientation (+/- 1 

degree), with a cycle time for the cx:rIplete operation in the order of 

one minute. The IIDtif application task was chosen, not for its 

inportance within the industry, but because fabric handling and 

visual feed-back teclmologies have to be incorporated. '!hese are seen 

as essential ingredients of further automation of the industry. 

A prototype laboratory system was developed, see figure 2. 12. 

This consists of a unimate PUMA 560 robot fitted with the Hull 

sensory griwer for handling single plies of material and for picking 

up ItDtifs. In the area in front of the robot there is space for a 
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stack of material and for the robot to separate and lift a single ply 

of material and lay it down. A vision system, camera rotation table 

and ITDtif bin fonn a rrodule located to one side of the robot. The 

camera is nounted above the rotation table and nonitors the 

orientation of the ITDtif placed upon it. The vision system controls 

the rotation table, which can be stepped in increments of 0.375 

degrees. 

The \\,Ork station consists of tvJo discrete sub-systems; the 

robot sub-system CXIlprising the robot, robot controller, air jet and 

vacuum control valves, gripper sensors and sensor interface. The 

vision equipment and task controller sub-system is controlled by a 

DEC LSI 11/2 miCI'OCXJll'Puter which perfonns image processing and task 

rontrol operations. 

The normal operation of the \\,Ork station is as follows: The 

vision system is regarded as the system master and passes job numbers 

to the robot slave. The first task is to get a ITDtif fran the bin and 

place it on the rotation table. When the robot has CXlTpleted its 

task, the vision system checks that the ITDtif is correctly orientated 

and instructs the rolx>t to separate a ply of fabric fran the stack 

and lay it out. Whilst the robot is carrying out this task, the 

vision system sends ccmnands to the rotation table to oorrect the 

orientation of the notif. When the robot has CXlTpleted its task it 

sets an acknowledgement signal. When the rrotif has been oorrectly 

orientated the vision system acknowledges the robot and instructs it 

to pick up the ITDtif fran the rotation table and place it on the 

piece of fabric. The vision system then waits for the robot to 
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CXJtPlete its task. The cycle is then cmplete. 

The cycle time during nonnal operation is approximately 1 

minute. The vision system software is capable of achieving 

orientation within 12.5 seoonds. The robot system can achieve fabric 

separation, that is detecting a piece of fabric bet'Neen the gripper 

jaws, in 4.5 seoonds. The large cycle time is attributed to the slow 

speed of the robot ItDvement when used with the gripper and by the 

vision system being slow at orienting the ItDtifs. The cycle time 

would be increased further were errors to be enoountered, such as; 

rotif being placed out of the field of view of the camera; too many 

rotifs placed on the table; ItDtif placed the wrong side up on the 

table. 

2 A garment assembly demonstrator 

'lhls was a SERe supported project during the period April 1985 

to SeptenDer 1988, in oollaboration with Corah PLC. The ove~all aim 

of the Research was to c:leslDnstrate a robotic work cell for the 

autanated assembly of fronts, backs and gussets of mens' and ladies' 

briefs. 

Robotic manipulators (multiple UMI RTX robots) were used to 

perform the fabric handling in oonjunction with oonventional sewing 

machines. sensory feedback was awlied so that oorrective action may 

be taken to ensure accurate and reliable aBsent>lies. 
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Progress of the research as at March 1988 had achieved 

the following: 

(i) '!he Hull sensory gripper had been inproved to 

handle smaller pieces of fabric which can be placed 

accurately along one edge. 

(ii) '!he UMI-RTX standard cnntrol system was by-passed to 

achieve satisfactory cnntinuous path cnntrol for 

accurate sewing. 

(iii) Pre-separated fabric pieces have been placed on top of 

each other prior to sewing using multiple gripper 

rounted solid state cameras to provide sensory feedback. 

(iv) A prototype end-effector for the cnncealed seam 

cnnstruction sub-cell has been der!onstrated and awaits 

further development. 

3 Automation of shirt cnllar inspection and assembly 

A SERe supported project for Noverrtler 1984 to May 1988 in 

cnllaboration with IJ ner....rhirst PLC and Marks and Spencer PLC. '!he 

objectives of the research is to produce a laboratory prototype 

system capable of de-stacking cnllar panels, inspecting them for 

fabric flaws, and accurately placing each of the three cxrrponent 

panels one on top of the other for input to a fusing press. The whole 

cell, including the fusing press is to be ronitored and integrated. 

Initial experiments were carried out with various lighting 

arrangements and inspection alcprithms, using an LSI 11/23 as the 

host cx::ttpUter. Optical and electronic alternatives to the digital 
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CXIlpUter based FFl' alg::>rithm have been identified. 'lhese have the 

potential of giving much faster results with cheaper equipment costs. 

'lhe fabric handling part of the project involves separating and 

picking fran stacks each of the three collar parts which are to be 

placed accurately (better than lnm) on top of each other and then fed 

into a ocmnercial fusing press. None of the existing pick-up and 

separation devices tested by Hull proved satisfa~ry on the collar 

pieces. A gripper was constructed that uses roller action and 

electro-statics to achieve ply separation, and is currently under 

evaluation. 

4 Robotic assembly of a oamplete garment 

This is a current SERC s~rted project starting in January 

1989 up to December 1990, in collaboration with Corah PiC. The aim of 

the project is to demmstrate a flexible \«)rk cell which can assenble 

a wide range of mens and wamens briefs. 

The project builds on current \fJOrk on gannent sub- assembly. 

The same concept of multiple robotic handling devices oanbined with 

conventional sewing machines is to be used wherever possible. Robotic 

solutions to 2D and 3D fabric manipulation must be found. The sub

cells must be integrated and awropriate man-machine interfaces 

iIrplarented . 

At the time of writing, \fJOrk on this project had only just 

cxmtenced. 
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2.3.4 University of Durham 

Research has been taking place at the University of D.lrham in 

the School of Engineering and AH;>lied Science for a nl.lITber of years, 

aimed at establishing principles for automation in garment assembly. 

A brief overview of cx:rtpleted and current research projects follow: 

1 Integration of garment assembly automation 1982 - 1985 

'!his was a oollaborative research project between Durham and 

Lyle and Soott, U.K., supported by an SERe grant. '!he main objective 

of the research was the developnent of automation techniques for the 

handling and assembly of fabric ccrrp:>nents in large volume gannent 

manufacturing. 

The gannent chosen to be used as a frarner«>rk around which the 

work station was to be designed, was the men's Y-front brief 

manufactured cxmnercially by Lyle and. Soott. The assembly of Y-front 

briefs cx:rtprises a number of distinct operations, Durham's initial 

research ooncentrated on the first of these operations in which edge 

binding is attached to individual cut pieces prior to the pieces 

being sewn together. 

The cx:rtplete operation of the above research area oamprises; 

the de-stacking of a single ply of fabric (the gusset) fran a stack 

of pre-cut parts; the guidance through a sewing machine where edge 

binding fed fran a oontinuous roll is attached along one edge; after 

sewing, the joined CXJtPOnents are cut and. re-stacked. It was found 

possible to reduce this problem to several tractable two-dimensional 

operations. 
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'!he strategy adopted for research was to develop and integrate 

four sub-systems, fonning a 'NOrk station capable of CXltpletely 

autanating this operation. '!he operatioI1 of the 'NOrk station being: 

(i) A de-stacking section 

A single ply gusset is renoved fran a stack, placed on an 

elevating feed table, by a griwer estploying the oblique pin 

engagement tedmique, (covered in chapter 6), 

then transported to an orientating table by a linear 

transporter. 

(ii) Orientation section 

The c:x:rrponent is aligned by optical means with three reflex 

photosensors and then transferred to a sewing sub-system by a 

vacuum plate attached to another linear transporter. 

(iii) Conveying section 

'!he cx:uponent is deposited on a conveyor belt section in an 

aligned position and conveyed through the sewing machine in 

synchronisation with the stitching action of the machine. The 

c:x:rrponent is then presented to the cut and stack stage. 

(i v) CUtting and stacking section 

The 'NOrkpieces are separated fran each other by cutting the 

continuous edge binding strip with a a:mnercial cutting 

mechanism. The 'NOrkpieces are then stacked in a manner suitable 

for onward processing. 

The 'NOrk station is shown schematically in Figure 2 .13. The 

developnent of the 'NOrk station was presented at the 1984 SERe 
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Grantees Conference64 . M::xlifications of two of the sub-systems have 

since been made and are described below: 

'!he pick and place unit was m:x:lified to reduce the inertia of 

the transporter. Infra-red sensors were also inoorporated into the 

gripper to detect the oorrect separation of plies, hoping to inprove 

upon the recorded open loop reliability of 99.5%. 

'!he second m:x:lification was made to the orientation section. 

This was now activated by three DC geared JlDtors to allow orientation 

of work pieces at high speed. 
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2 Autanated gannent manufacturing and product quality 

control 1985 - 1989 

This research project follows on fran phase one of the gannent 

assembly research project and concentrates on three areas: 

(i) Autanated sewing station seam quality control 

This sub-project aims at developing ways of inproving and 

nonitoring seam quality along with litproving sewing machine 

perfonnance. A yarn tension transducer has been developed which can 

nonitor absolute yarn tension at full machine speed (6000 rpn). It is 

intended that the transducers are integrated into the sewing head, 

allowing yarn tension profiles to be nonitored against sewing machine 

crankshaft angle whilst the machine is running. 

Research is also being carried out to acquire infonnation 

relating to machine speed, yarn tension and seam quality, allowing 

the point of optimum machine perfonnance to be found. 

It was recently reported65 that a 1:11. 3m EC grant under 

the BRITE initiative has been made to Durham to fund a three 

year research programne into detecting stitch quality. 

(ii) A flexible gannent sub-asserbly system 

The objective of this sub-project is to produce a versatile 

fabric manipulator derived fran the gri~r developed in the previous 

SERe research grant. It is split into four stages: 
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a) '!be developnent of an end effector using the present oblique 

pin engagement technique. '!his will involve developing a light

weight version of the gripper and the instrumentation of, 

engagement torque, gripper rotation angle and oontact pressure; 

allowing the gripper to operate in a ITDre reprcxiucible and 

reliable manner than presently achieved. 

b) The aCX1llisition of perfonnance data relating to the 

reliability and efficiency of the gripper,_ in order to assess 

its overall effectiveness for knitted and woven fabrics and to 

detennine optimum engagement torque and oontact pressure for 

each. 

c) The inoorporation of a vision system to enable the use of the 

gripper to accurately place one work piece relative to a second 

for subsequent joining. 

d) An evaluation of the integrated system. 

(iii) A microprocessor based elastic feed oontrol system 

This research project is ooncerned with the insertion of 

elastic tape under tension into the waist band of a garment. A system 

is being proposed whereby sensory infonnation will be taken fran the 

machine output feed, the yarn tension oontrol device, and an elastic 

tension transducer. '!his will make it possible to accurately de

tension or pre-tension the elastic tape for loading or for temporary 

workpiece rE!llDVal. Tension may also be set in absolute units and be 

directly related to the final waistband size of the garment. 
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3 Other research projects 

There are several projects currently underway which form part 

of a collaborative programme of research, involving the University of 

Durham, university of Hull, and British united Shoe Machinery (BUSH) 

Ltd. \'«)rk has also been carried out into the autanated assembly of 

shoe uppers, this was wholly funded by BUSH and further research is 

envisaged for this project. 
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2.3.5 university of reeds 

The developnent of clothing autanation research started arOlmd 

1983 with a project funded by the Textile and Other Manufacturers 

Requirenents Board ('IG1BRB) of the Department of Trade and Industry. 

It had been realised that various fundarrental problems \fJOuld need to 

be solved before a commercially viable system could be developed. 

These were identified as:-

i) Separation and pick up of a single fabric fran a stack. 

ii) The aligrunent of the fabric after rerooval fran the stack. 

iii) The accurate positioning of t\fJO fabrics one on top of 

the other for t\fJO ply sewing or fusing operations. 

i v) The developnent of robotic sewing, the guidance of the 

fabric by a robot during the sewing operation. 

( i) Fabric pick up device 

A new type of picker, designed to overcane sane of the problems 

inherent in carmercially available pickers, was developed at the 

TeXtiles Industries Dept., leeds University. The department has not 

disclosed the nethod of operation of its picker but claim that it is 

capable of picking up larger pieces than other devices and is not 

generally restrictive in the shape of the pieces being picked up66. 

'!be fabric pick up device is however descrilied in a European patent 

awlication67. The reliability of the picker is quoted to be in 

excess of 99.7%68. 
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(ii) Vision for fabric aligrnnent 

A t.tNO camera awroach was aOOpted, placing one camera over a 

salient feature of the fabric (e.g. a oorner) and the other over a 

plain edge of the fabric. An optical camera was chosen and dedicated 

hardware developed. An 1MB AT c:atputer was used for hardware rontrol 

and image c:atputation. The systan was designed to oope with the 

normal frayed edges of fabrics. 

With a PUMA 560 robot using VAL 1, and E!lTploying a sequential 

awroach, to CClTpute oorrections needed, the average time taken to 

oorrect the position of a panel of fabric was approximate I y 6 

seoonds69 • It was fOlU1d that the timing doubles with the use of two 

cameras. This hO'#.lever, can be reduced by awroximately one-third with 

the use of the integrated approach, where both cameras are oonsidered 

together. 

{iii) Multiple ply positioning 

As at July 1986 a prototype for multiple ply positioning based 

on a vision systan was lU1der development. 

{i v) Robotic sewing 

This research project is an investigation of the capabilities 

and limitations of robotic sewing. The development of the robotic 

sewing using multi-sensory feedback is oovered in a paper by Gershon 

and Porat 70 of the university of leeds. The systan oonsists of:-

- a PUMA 560 robot operating under VAL II 

- a cell oontroller - an IBM AT cxmputer 

- two CCD cameras attached to the sewing machine. 
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- an instrumented finger for measuring cloth tension. 

The sewing machine is interfaced to the IBM AT, this pennits 

central rontrol of all the sewing machine functions. A 280 micro

processor is used to supervise the cameras and perfonns frame 

gral::t>ing and thresholding. The average time to take a picture and 

process it is 12 ms. The inst.nmlenated finger ronsists of two slender 

beams machined out of a nonolithic block of AL. 2024. Strain gauges 

are attached to the beams, the signals produced are anplified and 

processed by a digital peak detector. 

'!he cameras are used to view the position of the edge of the 

cloth in the vicinity of the needle. Whilst the sewing machine is 

operating the camera data is read by the IBM AT, along with the cloth 

tension and shaft enroder rount. The IBM AT then calculates the robot 

position data and transmits it to VAL II. '!he rontrol system ronsists 

of: 

( i) a cloth edge tracking servo, to minimise the seam error, 

designed with the use of a simulation programme permitting 

optimisation of gain pararneters and camera placement; and 

(ii) a cloth tension servo, to minimise cloth tension, designed by 

measuring the frequency response of the open loop system to 

calculate the optimum gain parameters. 

During the operation of the system the robot holds the end of 

the fabric against a SllDOth table, using VNo ruI:X:ler-tiR?Erl fingers, 

spring nounted on the end effector. The cloth is fed into the sewing 
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machine by the conventional "drop feed" feeding mechanism of the 

machine. '!he robot path is generated in real time by 'bNo sensory 

servo systems:-

(i) seam tracking servo - controlling the sideways and rotational 

ITDVements of the end-effector 

(ii) cloth feed tracking servo - controlling the forward IIDtion of 

the end effector, based on the sewing machine shaft encoder 

signal and the cloth tension measured by the instrumented 

finger. 

In order to prevent the fabric buckling and to encourage 

correct pivoting of the fabric about the needle, it was found 

necessary to OCIllbine all sideways ITDVements of the end-effector with 

a simultaneous pivoting of the end-effector about the instrurrented 

finger. The auxiliary finger being rotated about the instrurrented one 

so that both fingers were at all times equi-distant fran the needle. 

Cloth feed tracking control was based on the cloth tension. Due to 

the effect of friction between the table surface and the finger, it 

was found necessary to limit the robot to forward displacements only 

and an allowance being made for the small off-set due to table 

friction. 

The method of robotic sewing developed at Leeds was found to be 

only effective for finger to needle distances between 1000 mn and 250 

mn. It was also found that seam quality varied considerably for 

different fabrics. However cpcx:i seams have been achieved for sewing 

machine speeds up to 2000 stitches per minute, with radii of 

curvature ck:Jwn to 10 an. 
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Other research projects 

leeds University have a collaborative project underway with 

Queens University, which is an extension of the Queens University 

research to produce alc.;prithms for oonverting three-dimensional 

information fran the design stage into the required pattern piece 

geanetIy needed for manufacture of a garment. '!he oollaborati ve 

project aims to calculate fran known parts, the shape of the garment 

given the response of the fabric dimensions to g~ven known 71. 

'!be Textile Industries Deparbnent at leeds University is 

already well advanced in developing software for production nodelling 

and scheduling of a clothing factory. M:xiels of production lines to 

facilitate production planning, scheduling and operation balancing 

have been created based on the SEE WHY (f) simulation software 

package72. 

[Simulation of clothing manufacture is also being carried out 

at Manchester Polyteclmic, Deparbnent of Clothing Design and 

Technology, Hollings Faculty. '!his is a SERC sponsored project from 

SeptEll'ber 1986 to March 1990, in collaboration with Courtaulds 

Clothing Ltd., Nottingham and l4'l (Scioon) Ltd., Wigan. The research 

investigates the process of clothing manufacture, where the human 

elerrent is a rna jor oonsideration. '!be simulation nodel is being 

developed to provide a means of inproving production management 

practices, by ric.;prously describing and m:xielling aspects of the 

production system73, 74]. 
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2.3.6 ~ University of Tedloology 

The Department of Mechanical Engineering at IDughborough 

university has been involved in projects related to the autanation of 

gannent manufacture for over 15 years. Research is currently underway 

on a project in rollaboration with Corah PIC (SERe sponsored to 

1987). The project involves the developnent of a system to sense 

fabrics, process the resulting data, and manipulate the fabric at 

speeds cammensurate with industrially acceptable production rates. 

The research is directed towards novel, low rost techniques and 

machinery for: 

(i) rapid sensing of knitted loops, 

(ii) processing the resulting data, and 

(iii) high speed. manipulation of the loops. 

The research has centred on the autanation of "linking" in the 

knitwear industry, whereby gannent panels are joined by sewing 

through individual knitted loops in a particular row (slack rourse). 

The system under developnent includes an autanatic magazine loading 

machine which accepts a bulk sUWl y of rollars, identifies the slack 

CDurse of loops, inserts individual points through each of the loops, 

separates one rollar fran the next and then transfers it onto a row 

of points on the magazine bar. '!he magazine bar is then transferred 

to one of several linking machines, which is used to load rollars for 

linking to the body panels. 

'nle main functional elements of the autanatic magazine 
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loading machine are: 

(i) Fabric sensing 

Due to the distortion in fabrics as they are manipulated, the 

fabric must be scanned progressively as the operations proceed, in 

order to take these changes into account. Previous lNOrk carried out 

at Loughborough University led to the ronstruction of a research rig 

to identify knitted loops in fabric. The rig uses a 256 photosite 

linear array ceo sensor, and a Pentax 110 fonnat camera lens. The 

host c:arputer rontrolling the rollection of vision data, being an 

AWle I I microoarputer. A cxmplete scan could be stored in 

approximately 260 ms75 . 

The research rig was m:xtified to suit the specialised 

requirements of scanning ri.1:Ded trims. In order to inrorporate the 

sensing system in the proposed machine the circuitry had to be re

designed to rondense the parts around the sensing head and transfer 

much of the electronics into a main rontrol cabinet. Also added was 

renote setting of the thresholding and inprovements in mechanical 

rountings . 

(ii) carriage Traverse 

The front and back of the machine are separated by a rontinuous 

length of knitted fabric. !he sensor head and fabric positioning 

mechanism are carried on a carriage which traverses in front of the 

trims. Another carriage is used to carry the point inserting 

mechanism and light source output, this being behind the trims. One 
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s~ing ITDtor ItDVeS both carriages and maintains their aligmnent 

through a pair of re-circulating ball screws and timing belts. The 

sensor scans the fabric whilst the carr~ge traverses the length of 

the trim. irhe resulting data is processed to, identify the slack 

course, select the loops to be loaded on the points and calculate the 

ITDverrents required to position the loops correctly. 

(iii) IDop positioning 

The fabric is held be'bJeen a SJ1DOth face on the ITDunting of the 

light source, and a pair of rubber rollers which roll on the fabric 

as the head traverses. As each loop is detected the rollers act to 

position the fabric to align with a point. Axial IlDvement of the 

rollers adjusts the fabric position vertically, advancing or 

retarding the rollers relative to the ITDverrent of the carriage is 

used to adjust the horizontal p:>sition of the fabric. The roller 

novements are oontrolled by separate, small stepping ITDtors, each 

being oontrolled by a dedicated single board (8085 based) 

microc::arputer, operating under the oontrol of the host carputer. 

(i v) Point Insertion 

It is envisaged that the production machine will include two 

pairs of carriages, which start to scan fran the middle of the trim 

and lNOrk outwards to the edges, reducing the overall cycle time, and 

sinplifying sane of the problems of point insertion at the edges. At 

first the central loop is found by one scanning head which inserts a 

point and traverses to one edge inserting p:>ints as it roves. The 
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secxmd head then noves into the central position and works toward the 

~site edge. A cam, carried on the rear carriages, inserts the 

majority of the points through the loops as they traverse. Different 

methods are used at the beginning and end of each run. 

(v) Fabric holding 

At each side of the machine, two grippers tension the fabric by 

pulling at the extreme edges. This enables points to be inserted into 

the first and last loops of a trim. The gripper novements are powered 

pneurraticallyand controlled by the host c::x::ITpUter. They involve 

finding the fabric, clarrping the edges and tensioning the tr.im for 

different stages of the cycle. 
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2.3.7 Leicester POlytedm:ic - elM Centre 

A research proposal has been instigated by leicester 

POlytechnic to create a centre where clothing research can be 

concentrated, in an attE!tpt to form a flexible manufacturing 

production line and eventually a oampletely flexible production 

factory. '!he research programne is designed to attack the problem of 

increasing U.K. ooopetitiveness, with the active co-operation and 

participation of forward looking industrial partners drawn fran 

equipnent manufacturers and users in both the U. K. and Europe. 

At the time of writing, this research proposal had been 

prepared for submission for consideration by the AMT oamrnittee of the 

Department of Trade and Industry, to obtain funding to accelerate 

research work to produce hardware, software and new technologies, 

which could then be exploited by U.K. equipnent sUWly cxxrpanies to 

produce new. products. 

The initiative is seen as the beginning of a much need~ co

ord.i.IUited research programne bringing together textile, production, 

electronic, mechanical, cx::rrputing and management experts fran 

academia throughout the U.K. together with similar experts fran the 

industry with practical production expertise, to encourage the 

fonnation of a IIDre oampetitive and profitable textile industry in 

the U. K. and Europe. 

'!he project (CIM1EX) is concerned specifically with the 

cx:r1pUter integrated manufacture (CIM) of knitted gannents, and 

CDlprises five work cells and three linking packages as shown in 

figure 2.14. '!he works cells are each discrete II islands of 
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autanation" which together cover all the manufacturing operations 

necessary to produce a range of knitted gannents, which would 

include; bJo-piece track suits, sweatshirts, casual shirts, tee

shirts, nruscle tops, mini/micro skirts and shorts - all of which 

could be made fran three thread fleecy knitted fabric. The linking 

packages are those research areas which are of major influence in 

determining the successful integration of inter-cell operability. 

The project has been designed to bring together previous and 

current research programnes being carried out at Leicester 

Polytechnic and other academic establishments including; The 

university of Hull, the University of IDughl:x:>rough, and University of 

Manchester Institute of Science and Teclmology (UMIST). 'l\tJo parallel 

prcxiuction systems are to be included in the project, both of which 

are aimed at inproving the output performance of the machinery. The 

first system is to be operator centred, and the seoond an autanated 

production line requiring the rni.nirnum human supervision. 

The operator centred line has been included because it 

represents 75% of the current type of production systems used by 

awroximately 80% of manufacturers. The remaining 25% of the operator 

centred line would show these manufacturers how current production 

systems can be inproved upon to increase throughput, reduce lead time 

and prcxiuce quality gannents ITDre efficiently. The tedmological 

developnents included in this line would be used to point the way to 

a sensible migration fran labour intensive production towards nore 

autanated manufacturing systems. 

'!he autanated line, which presently only represents be'bJeen 10 
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to 20% of U.K. garment manufacture, but which probably accoWlts for 

60 - 70% of finished <}XXis, is designed to cx:ITi:>ine the IlDst advanced 

production machinery available into integrated production cells and 

to further integrate these cells to produce a range of first class 

quality products with an output, and at a cost that is oampetitive in 

world markets. 

The following is a brief overview of the work cells and the 

linking packages which highlight the relationship between the cells 

and their dependency on inter-cell operability. A detailed. layout of 

the proposed production system is shown in figure 2.15. 

1. The work cells 

(i) Generation of carputer-based. specifications fran the creative 

design process 

The aim of this area of research is to take the design of a 

gannent sketched. by a designer and tum it into an accurate 3 

dimensional cx:rrputer based specification of the shape, style, colour, 

texture, and size of the gannent; then to generate the manufacturing 

instructions necessary for producing the finished product. '!his would 

make use of previous work by Efrat 76 for the design of patterns to 

give accurate body fit. 

The research will involve linking a creative design software 

package to a pattern design system (PDS), which in turn receives 

three-dimensional co-ordinates fran a prototype body measuring 

awaratus. The IrDdified output fran the PDS will then be fed. directly 

into a lay pl~g and cutting order optimisation package. 
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The resultant database created by inter-linking these software 

packages will be used as the principal source of oore manufacturing 

data for the subsequent operator-centred and autanated production 

operations. 

(ii) Fabric spreading, cutting and stripping 

'lhis will involve two distinctive systems, operator-centred 

and autanated. 

A oollection of state-of-the-art operator oontrolled spreading 

and cutting equipment will be assembled for the operator-centred 

systen. A prototype m:xiular oonstruction system will then be 

researched and developed, allowing the equipnent to be oonfigured in 

such a way as to provide building blocks of autanation for the end 

users. 

The automated production system will include robot assisted 

carousel fabric loading, robotic spreading, cx:rrputer directed cutting 

and robotic stripping at the end of the cutting stage. The robotic 

stripping stage is a totally new ooncept which will require 

oonsiderable research effort involving developing special purpose end 

effectors; and down loading oo-ordinate data fran the lay 

planning/cut order scheduling process to the appropriate cell/robot 

oontroller. 'Ib cx:rrplete the process, a third robot will undertake 

piece matching aided by a machine vision systen, before loading a 

CXl1Plete set of pieces onto an overhead oonveyor system. 

Extensive use will be made of the results of research 

undertaken at the university of Hull, Durham and Manchester in 
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preparing guidelines for the research effort to follC7\ll. 

(iii) Semi. -autanated and autanated sewing and scheduling 

'!he ·semi-autanated and autanated se\tling mayor may not be 

physically integrated depending on the sequence in which the making 

up operations are to be perfonned. '!he semi- autanated sewing 

stations will be operator-centred with the minimum of skill required 

to perform the particular task. The research aspect of this ·area will 

be directed towards inproving the 'IJOrking environment, optimising 

work flC7\ll conditions and establishing an effective open oammunication 

system to the production scheduling system. 

'!be autarated sewing stations will be used for the autanated 

attachment of the standard items associated with the garnent ie. 

oollars and cuffs, together with trims. Adjustments to the autanated 

machines, to cater for variations in the characteristics of the 

fabrics being used, will be identified by objective assesement 

testing and initiated autanatically when the order is scheduled for 

production. 

(iv) Autanated finishing and packaging 

'!his will involve research into transporting the finished 

gannents to the presses in the correct orientation for the operators 

and/or the autanatic pick-up devices attached to the former presses 

and the subsequent accurate location of the gannents on the fonners. 

'!he accurate autanatic aBsesement of ~sing conditions, along 

with both human and machine vision inspection will form another area 
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of research. The unloading of gannents fran the presses and back onto 

the transporter system to can:y them to areas for flat packaging or 

hanger packaging will also need to be investigated. 

(v) Autanatic methods for making-UP knitted blanks 

The aim of this programne is to oonduct research into the 

control of the fabric on the knitting machine and during the 

subsequent handling and making-up processes, to prevent fabric 

distortion, curling and dimensional change. 'Ibis will enable the 

making-up operations of linking and over-edging to be carried out 

automatically on fabrics which lie flat and are of known controlled 

dimensions. 

The work in this area will include the research and developne!1t 

of a method of controlling the dimensions of knitted fabric blanks 

produced on V-bed or fully fashioned knitting machines. [HA'IRA have 

previously tackled the problem of control during the knitting and 

will collaborate in the programne as will the Deparbnent of Textile 

and Mechanical Engineering at IDughborough University of Technology] 

Techniques for the autanated handling of these oontrolled 

blanks through the making-up operationS to the CXllpleted gannent fom, 

including autanated linking and trimning processes, will be researched 

and developed - making use of previous research work carried out at 

IDughborough university into autanated linking. 
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2. The linking packages 

(i) Overall integration of manufacturing cells 

This will involve research and inplementation of a c:x::rtputer 

network which will link together the various production cells, along 

with a production oontrol system. The proposed network is shown in 

figure 2.16. It oonsists essentially of a baseband system, taking the 

fom of a cxmnunications backOOne providing a highway to which the 

design, production oontrol areas and production machinery are 

connected either directly or via suitable cell oontrollers. 

The main research activity will be ooncentrated on defining a 

coherent net\tJOrking strategy based on existing and emerging industry 

standards and tackling the problems of data exchange between the 

various manufacturing processes. Research will also focus on the 

developnent of new software for machinery which has not yet been 

linked together and interfacing this to cx:mnercial production oontrol 

systems for operator oontrolled sewing. 

The COOEX project is intended to \tJOrk closely with coopanies 

and organisations, nationally and internationally who are following a 

similar route e.g. (TC)2 Oorporation and the Defense Logistics Agency 

project, Southern Tech. and Georgia Tech., Georgia, U. S .A. 

(ii) Autanatic vision inspection 

In order to maintain quality and even possibly inprove upon it, 

it is proposed that machine vision inspection will be used throughout 

the entire production system at various stages. This is expected to 

involve autanated inspection of the fabric before and during 
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spreading; robotic guidance and oontrol; inspection and location of 

seams during making-up; inspection of finished gannents and packaging. 

The aim is to produce a prototype inspection system for the 

detection and identification of flaws wherever it is appropriate in 

the garment manufacturing process. This will replace visual 

inspection carried out by operators, with the benefits being high 

throughput speed and the capability of 24 hour operation. 

Research into the application of autanated visual inspection of 

textile materials has been ooncentrated at Leicester Polytechnic for 

a number of years. 

(iii) Objective assessment of textile materials 

This will involve the testing of the raw materials such as the 

knitted fabric, yarn sewing threads etc., in order to determine the 

performance characteristics of the fabric prior to being made up. 

Research will also be carried out to detennine the effect of 

change on these objectively measured characteristics and the changes 

required in the settings of the processing equiprent to ensure that 

the most effective and efficient autanated production may be 

achieved. 

Also to be developed are a nUl1'ber of prototype mechanisms to be 

fitted to sewing machines and ancillary apparatus to adjust the 

machinery autanatically depending on the characteristic of the 

particular fabric being processed. 
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Figure 2.14 CIM Centre - Integration of Cells 
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2.4 Discussial at the state of current research ptogLdllileB 

Described in sections 2.1 to 2.3 is a review of major research 

programnes being undertaken in Japan, America and Europe, both 

current and proposed. The review does not cover every type of 

research being carried out including that of equipnent manufacturers, 

in the interests of brevity, and limitations of space. 

Fran the above, it can be seen that the research effort by the 

industrialised nations, in a bid to make their apparel industries 

rore cx:rtpetitive in \t,1Orld markets, is indeed considerable and llDVing 

at a rapid pace. 

What is presented in the review is a general overview of the 

research programnes, with no attenpt being made at a:::rrparisons or 

evaluations. The aim being to present an unbiased picture of each 

research programme. In this sub-section a critical evaluation will be 

made of the overall research efforts. 

Clear ly the largest and llDst extensive research programme, in 

tenns of capital and man.por.rJer, being undertaken at present is that of 

the Japanese Ministry of International Trade and Industry (MITI), 

'!his eight year programne, due for cx:rtpletion in the year 1990, is 

expected to cost in excess of U8$65 million. Once it had becane 

evident that there were serious problems in the Japanese Apparel 

Industry, the Japanese felt that the next logical step was to rount a 

collective research effort to solve the problems. '!his action being 

entirely consistent with overall Japanese eoonanic policy, Japanese 

finns are accustc:med to collaborating under c;pvernmental "guidance", 
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therefore it did not take long fram the recognition of the problem to 

the implementation of a collective action to solve it77 • 

As well as research into oatpletely new manufacturing processes 

such as three-dimensional robotic sewing, much of the Japanese effort 

could be seen as a drawing together of many existing technologies 

fran within and outside of Japan. Many successful tNOrking practices 

developed in Japan have already been tNOrking for a nmnber of years 

such as; The Melba Apollo Project and Melba Autcmatic Plotting System 

(MAPS) [SUWOrted by IBM specialists] 78 and the Toyota Sewn System 

(TSS) developed by Aisin Seiki Co. Ltd. 79,80 - both cx:xrpanies are 

involved in the MITI project. 

Many of the developnents to be included in the project are not 

new, and have been tried before. The process of stabilising fabric 

has been tried before, but problems associated with adding a fugitive 

to the fabric which caused yarn rupture and colour sublimation were 

experienced. Whether the Japanese can overcx:me the problems 

associated with fabric stabilisation remain to be seen. laser-based 

fabric cutting was being investigated at CUlham laboratory prior to 

197481, and laser cutting in general has been developed into 

oamrnercial applications. 

There are fundamental problems associated with sane of the 

roncepts being proposed by the MIT! project, one of which is three

dimensional robotic sewing. A ooncept involving the setting of a 

sleeve into a jacket has been derrDnstrated a nl.ln"ber of times at 

international exhibitions. It relies on a great deal of pre-sewing of 

the sleeve '~g and sleeve head in order that the two seams match, 
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as the robot stitcher has no facility for inserting fullness into the 

seam. There is also a great deal of manual manipulation of the 

gannent on the formers to ensure oorrect positioning of the seam in 

relation to the robot. The stitching of the sleeve was a pre

progranmed sequence with no real time oontrol. Problems had been 

enoountered in maintaining an accurate seam width of 10 mn and also 

oonsistent stitch lengths, particularly at the underarm. This was due 

in part to the robot novements82 . 

The MIT! project is not without its critics. A fetl apparel 

manufacturers [in Japan] have shown a negative attitude to this 

project. One reason being a belief that such a system may cause over

production since an expensive system of this kind would need to be 

operated 24 hours a day to provide an adequate return on investment 

(ROI). One notable critic of the progranrne outside of Japan is 

Nilsson83 who states that the ooncept of a turn key fully integrated 

and autanated production line is a technological "pipe-dream", and 

that such an approach represents a typical "cart-before-horse 

awroach". He further states "that this vicprous, one-blow technical 

onslaught on the autanation of apparel manufacture will take too long 

to give tangible results in the form of robust operative equipnent". 

Despite the criticism being levelled at the Japanese research 

progranme, it is possible that the end result of this highly 

ooncentrated and oo-ordinated effort may well be a radically 

different awarel industry of the future. It is certain that any 

large-scale effort at robotic development in Japan will result in a 

netl Japanese industry for export, this would only be advantageous to 
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the Japanese84. Already 80% of the 'NOrld's sewing machines are 

prcxiuced in Japan, many awearing under well known European and u.s. 

brand namesB5 . 

'!be .success of the project will only becDne apparent at the end 

of the project, in 1990. It is interesting to note that in his review 

of the progress being made by the MITI project, Hughes86 Assistant 

Director of (TC)2 states: 

"In conclusion, it must be noted that the units 
dem:mstrated were not oonstructed in the typical prototype 
manner. They were well designed and constructed and 
appeared to be ready for ccmnercial awlication. 'lRAASS and 
the small-to mediumrsize enterprises, associates of MITI 
are to be congratulated for their accc:rrplishrnents to date 
and it is very awarent that they will accc:rrplish their 
future developrent targets". 

This leads on to the research effort of the (TC) 2 . In contrast 

to the Japanese approach (TC) 2 receives u. S. <pvernment funds based 

on membership dues fran private industry, which in turn means that 

research efforts are co-ordinated on industrial needs along with the 

specific requiranents of the rnent:>er carpanies. It has been stated 

that essentially this research is being done to prove a principleB7 . 

Although for many years the American Awarel Industry has held the 

view that autanation is the answer to the problem of increased inport 

penetration fran the developing countries. In further suWOrt of this 

viewpoint it has been stated that if there is no alternative, then 

ncre protectionist legislation 'NOuld be sought. '!his 'NOuld result in 

an increasingly divided society, IIDre people out of 'NOrk, and ITDre 

132 



protectionism88. 

Apart fran sane of the technological developnents inoorporated 

in the (':OC)2 project, such as robotic picking and folding, the 

research programne represents a change in attitude on the part of 

organised labour towards autaration. In fact the AmalgaIMted Clothing 

and Textile \'k)rkers Union (AC'IWU) have been closely involved with the 

project fran its onset. 

Singer's involvem:mt in the (TC)2 project, has greatly advanced 

the assessment of the suitability of the prototype and its 

applicability to cammercialisation. Singer have developed their own 

robotic systems - MARS, which is already successful in car seat 

production, although an autaration plan for shirts met with limited 

success. 

The original prototype of the (':OC)2 robotic system has been 

described as "quite useful but far fran a production rmdel,,89. The 

question of speed and mst is also an inportant factor in the 

ultimate success of the system. Sane in the apparel industry [U. S. ) 

criticise the project, partly on the basis that it represents a very 

expensive, very specialised machine, and partly on the basis that 

nothing has been done to change the seWing technology in any way90. 

In operation the system is very slow. The carputational power 

required to process infonnation fran the vision systems and feed it 

to the pickers to position the pieces is enonrous91 • As much of (TC)2 

'NOrk is still in the prototype stage, accurate oosts of the finished 

system are not easily obtained, although prices in the region of 

$100,000 - $150.000 have been quoted. 

133 



'!he American research effort is sumned up in a statement by 

Berkstresser92 

"While the United States has ItDre resources for the 
developnent of autanated awarel technology than does 
Japan, the redundancies produced by the lack of co
ordination in the U. S. may well cause such a high degree of 
waste that the Japanese may produce an integrated autanated 
sewing system before the U. S. However, the Japanese system 
may still rely heavily on U.S. technological breakthroughs 
for substantial segnents of the total system". 

A lack of a co-ordinated research effort in Europe is also a 

factor preventing significant advances in ar-parel autanation to be 

made. The different languages, business laws and national <pals, 

ooupled with traditional suspicion anong members of many sub-cultures 

does not make for a co-ordinated research envirornnent. 

One of the ItDst carprehensi ve pieces of research in autanated 

~el manufacturing is that of Chalrters University with it~ FlGARMA 

ooncePt. '!his progranme is based on the belief that to start the 

arduous and expensive road to autanation by constructing a full scale 

robotic production line (like the Japanese) carmot be oonsidered to 

be a viable technical or eoonanic endeavour; it is believed that it 

is far sinpler and cheaper to build a mathematical catputer m::xiel of 

various configurations of production lines93 . 

The main problem with the FlGARMA awroach is that it remains a 

ooncept, based on idealised oonditions. Although many of the theories 

expounded are fine for the ideal situation, no mention is made of 

their practical inplementation i. e data transfer between 
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machine/oarputers etc. Also no mention is made of the cost of such a 

c:x:rrprehensive cmputer integrated system. 

FIGARMA also relies on many undeveloped technologies such as 

the "rotary Imllti-purpose mechanical stitching system", which can 

perform different stitch types by rotation of the stitching head. So 

far such a concept has not proved practical. RinDldi introduced a 

rrodular sewing machine in 1983 capable of covering a range of stitch 

types by sinply changing the rrodule of a standard section, called the 

"base and arm". Although response to the concept was favourable it 

never resulted in any firm amnitment on RinDldi I s part to put the 

prototype into production. Rinoldi found that many of their custcmers 

preferred a conventional machine dedicated to performing particular 

tasks94 . 

The FIGARMA awroach does however point out critical areas for 

developtent of specific new technologies. It offers a total systems 

awroach which is even broader than the Japanese project. It <pes 

beyond the technological developnent required, into the area of 

management, such as building CXltpUter m:xlels for process and planning 

purposes. 

Of the pre-BRITE activity being carried out in the U.K. and 

Europe, Sinclair95 writes "the final state of play with regards to 

the U.K. initiative is that a unified awroach to EEC/U.K. findings 

is still awaiting developnent". This was written before the advent of 

BRI'lE, which aims at a unified CXH)rdinated research effort. Despite 

the aim of BRITE the main criticism is that it is fragnented, thus 

dissipating finances, efforts and energies. This was ~ent during 
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the 21st oonference 9f Clothing and Knitting Industry Technicians 

reported on by Disher96• At the oonference it was also noted that EEC 

officials had expressed dissatisfaction because project reports 

[BRITE] were not very clear, probably due in part to patent 

reservations. It was also ooncluded that sane of the projects were 

not real research projects, as sane groups were \o,1Orking on 

developnents which \<Jere already established. There \<Jere also 

political aspects involved in the [BRITE] programne. 

In his surnning up of the BRITE project Harris97 a:mnents that 

"on the surface it is a \o,1Onderful opportunity to make clothing in far 

I'IDre efficient, less labour intensive ways". He adds that there is 

not ruch in the prograrnne to reflect the fickle nature of fashion 

trends. On a final note about BRITE however, he states that there is 

less danger in such a project of "re-inventing the wheel" and the 

attatpt to oo-ordinate effort is a step in the right direction. 

The problem of research programnes being carried out under U.K. 

research initiatives is that they are mostly of a fragmentary nature, 

and tend to focus on a specific aspect of clothing autcmation. With 

many of the research centres being isolated fran each other and the 

carpetitive nature of the research being carried out, the problem of 

cmpatibility of these individual developnents \o,1Ould be bound to 

arise. 

U.K. research projects and European research projects in 

general suffer very ruch fran being under-financed, many of the 

projects require a 50% cmmi.tment fran industry in order to proceed. 

IioWever the" availability of direct industrial support for project 
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work is negligible. Although research projects are viewed as being of 

high value to the industry they receive little financial backing from 

individual clothing manufacturers. 'Ihis is due in part to the fact 

that the manufacturers are very under-capitalised and are llDre 

ooncerned with 'putting out fires' in day to day running, than in 

investing in 'high risk' activities. 

'Ib stun up the global research effort, and put it in some 

perspective, Berkstresser98 states: 

"Although sane U. S. and European organisations may be in 
the lead in technological developnent on sane machinery, it 
appears that the Japanese, with their highly respected 
ability to organise and manage projects that require 00-
operation between c.;pvernrnent, management, and lalx>ur, have 
taken a "giant step" forward in the total autooated system 
developnent. Even if other industrialised nations recognise 
the full inportance and inplications of this developnent, 
it is still not known if they can or will allocate the 
necessary resources to respond to it." 

There are those however, who are of the opinion that the new 

technologies developed will rapidly achieve global dissemination 

regardless of the oountry of origin. It is also felt that it would be 

extremely difficult to prevent any group fran making use of the new 

technologies once they had been developed. 
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Chapter 3 

Model for Proposed Integrated 
Gannent Manufacturing System 



3.1 'l1le potEntial for an integrated gaDlEDt manufacturing 

As discussed in Chapter 1, automation is viewed as being the 

solution to many of the problems facing the clothing industries of 

the industrialised nations. '!be review in Chapter 2 shows that the 

main thrust of research effort is being directed towards the 

attainment of partially automated or fully automated systems for 

gannent manufacture. '!he problem is being tackled in a variety of 

ways, fran a oonceptualised systems awroach (FlGARMA) through to a 

full blown hardware awroach (MIT!). Despite the differences in 

approach and philosophy, what is clear is that the potential for an 

integrated gannent manufacturing system clearly exists. 

Besides the developnents likely to accrue fran research 

programnes outlined in the review, it 1NOuld awear that manufacturing 

carpanies in the U. K., are beginning to invest in carputer 

teclmology99. Although the U. K. clothing industry has been 

traditionally slow to invest in new technology, the past decade has 

witnessed the introduction of much new technology, especially in the 

areas of cmputer aided design (CAD) and cntputer oontrolled fabric 

cutting. 

'!be result of this 'piece-meal' awroach to technology has been 

the creation of 'islands of autanation' within a typical carpany. 

'!hese 'islands' being super-inposed on fairly traditional cx:upany 

structures. The links between these 'islands' are essentially paper 

orientated, with the oonsequence that much of the 1NOrk is duplicated. 
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Another reason why I islands I exist is that cx:arpanies tend to invest 

in equipnent best suited to a particular task, or within a pre-set 

budget. '!his invariably results in equipnent being purchased from 

different suppliers. 

Many manufacturers errploy CXlTputers in the control of their 

equipment which have different hardware configurations, operating 

systans and software architectures. 'Ihis results in incarpatibility 

between equipnent. The ultimate <pal of cxrtputer integrated 

manufacture (CIM), is to bridge the cxmnunications gap existing 

between these "islands" and have equipment [cmputers] which is able 

to freely transfer data and other operational information. In 

addition to the technical problans associated with equipnent 

exchanging infonnation, the need exists in the clothing industry for 

the various production processes to be physically integrated. 

There are now areas in the mechanical engineering industry 

[especially in autcm:>tive manufacture] where CIM has been 

successfully inplanented. Unlike the mechanical engineering industry 

where the material being handled is essentially rigid, the clothing 

industry is han'pered by its raw material - fabric. The ease with 

which a human operator can manipulate fabric and react to its 

properties has proved extremely difficult to EItlUlate with any 

autanated device or robot. There are those who believe that any 

atterrpt to design robotic systans to achieve human EItlUlation are 

destined to fail 100 • 

Acknowledging that it is extremely difficult to eliminate the 

operator fran the gannent manufacturing process, it seems unlikely in 
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the near or mid-tenn future that a total flexible manufacturing 

system (FMS) for gannent manufacture will be realised. What does 

appear achievable is the total flexible autanation (FA) of 'sub

cells' within the gannent manufacturing system. '!he whole system 

being integrated to create an orderly, intelligent, effective and 

efficient production system. This being achieved through the 

interaction of people, machines CCIlputers and feedback devices which 

serve to direct functions, detect deviations, and self correct any 

errors in the functions. 

In the following section such a system is proposed. It covers a 

conceptual design for an integrated gannent manufacturing system. It 

includes references, where appropriate, to current research being 

carried out by the author and research being carried out elsewhere. 
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3.2 System ovezview 

Figure 3.1 shows a concept for a <XITputer integrated garrrent 

manufacturing system. It is designed to include all the functions 

inherent in gannent manufacture, without being specific to anyone 

particular garment. The concept arbraces both traditional sectors of 

gannents, woven and knitted (excluding fully fashioned garments). 

At this stage of research no atterrpt is made. at providing 

oamplete solutions to the problems of integrating various 

equipnent/processes. '!he concept has been presented for reasons of 

oampleteness and to guide the reader to view the research undertaken 

by the author as being part of an overall system. 

'!his concept presents no limitations on the type of equipnent 

used, as any pro~sed type of working envirorunent can be ITDdelled and 

simulated. It is often the case that new autanated equipnent is 

introduced into a cmpmy without fully realising the effect it will 

have on the complete system. 

The proposed production process is sub-di vided into a number of 

stages. These representing the various processes involved in garment 

manufacture. The stages are grouped into three distinct areas: 

1) Design and planning 

2) Pre-assarbly processes, and 

3) Gannent assarbly. 

All stages are integrated and infonnation generated at each 

stage is available for utilisation by any other stage. 
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Fl,gure 3 . 1 Concept for an Integrated 

Garment Manufacturl,ng S~st em 
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F~gure 3.1A Des~gn and PLann~ng 
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3.2.1 Desi~ arxi planning 

Stage 1 - 3D Gannent mxielling 

'Ibis inoorporates the following functions:

- Simulation of various design ideas 

- Simulation of various fabrics on the oamputer generated model. 

- Visualisation of oolour c::x::mbinations 

- Animation of the cxmputer generated model with simulated fabric 

prqperties (drape etc.) 

'~With the above functions a:I1plete, the design oould then be 

presen~ to prospective custaners. 'Ihis oould be achieved by either 

a visual animated dem:>nstration on the VIXJ or the generation of 

oolour prints. 

Desigilers ~uld be enoouraged to develop their ideas directly 

onto the VIXJ, and for security reasons designers ~uld retain them 

on awropriate storage media. 

Related research: 

CDI/Microdynamics [3D l1Ddelling] 

Queens University,tIeeds University [3D pattern generation] 

leicester Polytechnic - eIM Centre [3D pattern generation] 
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Stage 2 Identification of pattern pieces 

~-------. 2D review area 

'!his involves:-

- '!he setting up of a review area on the VOO in which t\«) dimensional 

patterns can be viewed. 

- The searching of the pattern databases for an existing pattern 

which cxruld be m:xiified in order to fit the new design. 

- - '!he identification on the 3D image of the specific location of 

points on the pattern to be m:xtified, including the way in which 

th~ are to be m:xiified. 

- '!he search of the fabric database for suitable fabric or the 

autanatic generation of an order for new fabric. 

- '1he storage in the design working file of the selected existing 

patterns ~long with notes for their m:xtification. 

'!his· stage ~uld avoid the unnecessary process of generating 

pattern pieces for any new design. '!here would need to be two 

separate databases, a style pattern database and a block pattern 

database. '!he style pattern database would oontain any pattern pieces 

which had been altered for previous designs. '!his database lNOuld be 

searched first. '!be block pattern database would oontain basic 

pattern blocks, the base pattern fran which the designer would work. 
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Each database would provide search routes in the following format:-

MENS IADIES 

I 
SHIRTS '!RaJSERS 

FORMAL 

I 

Stac!! 3 '!'No Dimensional Pattern Engineering 

'. 

3D review area 

'Ibis involves:-

- '!he setting up of a 3D review area where the design generated in 

stage 1 can be vieNed. 

- '!be retrieval of each pattern piece fran the design working file 

for the new design. 
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- The mxti.fication of the pattern in accordance with instructions 

generated at stage 2. 

- The storage of the m:xlified pattern pieces in the prcx::iuction 

working file. 

- The identification of accessories, threads, trims etc. to be added 

to the production working file. 

Each pattern is stored in the database in 'parametric' (macro) 

fom. The 'parametric' would rontain only the instructions required 

for generating the shape. Proportional sizes would be rontained in 

the parametric file. When the designer/pattern cutter retrieves the 

pattern fran the database the pattern is displayed on the VDU in the 

sanple size selected. The designer would then have 'free reign' to 

nodify the pattern, adding style features, darts etc., whilst viewing 

the 3D design sketch. Once the m:xlifications are CXlTplete a new 

parametric would .be generated, based on the m:xlified pattern. This 

parametric would .be added to the production working file as well as 

being added to the style pattern database. Before being added to the 

production working file, seam allowances, hems etc. would be added, 

these remaining in the file as instructions for gannent make-up. 

Related research: 

M. Hall [parametric pattern generation] 

GerberjLectra/etc. [pattern design systems]. 
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Stage 4 Measurement generation 

'!his would involve generating measurements by two methods: 

(a) Personal measurements, and 

(b) Size charts. 

a) Personal measurements 

These would be obtained either by: 

( i ) 3D ro-ordinate measurerrent. 

Generated at the retail outlet where the order originates. It 

would involve the use of high technology measuring techniques 

[lasers, ultrasonics, machine vision] currently being researched. 

(ii) Direct measurement 

Again generated at the retail outlet but involving the 

traditional manual method of obtaining direct measurement at 

specific locations on the body. 

b) Size charts 

'1l1e measurerrents being based on existing sizing data, known for 

particular groups. '!be size chart rontaining all the necessary 

measurenents required for describing the figure of an individual in a 

particular group [e.g. tall men]. '!he measurements being CDtputer 

cxxied for easy retrieval. 

It is proposed that the integrated manufacturing system 

produces three classes of gannent: 
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1) Class 'A' garments 

Measurements obtained by nethod a) (i) - 3D cx:>-orctinate 

measurement, could be used directly at stage 2 in the design process 

to generate patterns fran the 3D c:arputer generated nodel. These 

pattern pieces \tJOuld then becx:xne 'custanised' pattern pieces, made to 

fit the measured fonn perfectly. 

2) Class 'B' garments 

These garments \tJOuld be constructed fran measurements obtained 

via nethod a) (ii) - direct measuranent. These \tJOuld enc:x:rrpass the 

range of gannents traditionally referred to as 'made-to-measure'. 

Unlike class ' A' gannents, however measurements \tJOuld be made by llOre 

traditional nethods [tape measure]. '!bese measurements \tJOuld be 

directly related to parameters required to construct a pattern piece 

at stage 3 in the design process. Existing or ncdified pattern pieces 

\tJOuld then bea:Jre custanised· for the measured fonn. 

3) Class 'C' garments 

These garments \tJOuld be constructed fran standard size chart 

data. '!be data \tJOuld be directly related to the pattern pieces 

generated in stage 3 of the prcxiuction process. Size chart data would 

be constantly updated, as llOre accurate statistical information 

regarding particular groups of individuals becx:mes known. 'Ibis range 

of gannent \tJOuld be equivalent to present 'off-the-shelf' ranges. 

With such an approach to gannent manufacture a manufacturer 

could cover a large range of garments required by the consumer - from 
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'designer' garments through to 'off-the-shelf' gannents. The price 

structure of the gannents would need to reflect the anount of work 

required in their production. Class 'A' gannents would involve 

ackiitional CXlTputer activity at stage 2 in the design process, it 

would also require highly sophisticated 3D co-ordinate measuring 

systems and skilled operators to fabricate these gannents, resulting 

in a greater manufacturing rost. 

Both class ' A' and class ' B' gannents would need special 

production planning. They would have to be made as special 'one-offs' 

or be scheduled through with the larger volume production garments 

[class 'C'] with special instructions for their making-up. These 

garments might even necessitate a separate assembly unit, referred to 

as a small making-up unit (SMU). nus unit would require a number of 

skilled operators who rould respond quickly to the needs of the 'one

off' garment. 

Related research: 

M. Hall [proposed roncept) 

S. Efrat/CIM centre [3D ro-ordinate measurement] 

leicester Polytechnic [3D ro-ordinate measurement] 

MITI (Japan) [3D ro-ordinate measurement]. 
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stage 5 Sanple make-up 

This process involves:-

- Pattern pieces created in stage 3 - 2D pattern engineering being 

retrieved. 

- '!he pattern pieces being plotted out full size to be cut from 

fabric, or single ply cut, in a sanple size [ego size 100 an chest]. 

- '!he transfer of the pattern pieces to the sanple rocm where skilled 

operators make-up the gannent. 

- Any alterations required during making-up being noted for the 

designer/pattern cutter. 

- '11!e finalised gannent \ttUuld then be shown to the prospective 

customer(s), and if necessary a full range of gannent sizes 

constructed for evaluation. 

- Once the sarrple has been approved the pattern pieces in the 

production \ttUrking file are finalised and became a production file. 

'!his stage \ttUuld require a small nllJ1'ber of skilled operators, 

familiar with the latest equiptent and making-up procedures. 'lhese 

operators \ttUuld be required to \ttUrk closely with the designer/pattern 

cutter, and using their a::ITIbined skill and judgement be able to 

suggest any alterations which could make the gar.ment easier to 

construct. '!he designer/pattern cutter/operator \ttUuld have access to 

a making-up sequence database, in which making-up sequences for all 

gannents manufactured \ttUuld be stored. 
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stage 6 Production planning/order scheduling 

'!he sequence of operations required to make-up the gannent is 

identified in the previous stage. '!hese are included in the 

production file which is then passed to the production planning/order 

scheduling deparbnent. 

utilising the sequence of operations for the gannent, each 

machine required to carry out the gannent \fJOuld be identified. This 

\fJOuld be achieved by searching the machine database which includes 

any accessories which can be added to the machine. As well as the 

machines required to carry out the operations, the oonfiguration the 

machines can accx:mTOdate \tJOuld also be identified. If a particular 

assent>lyoperation can be identified which may be perfonned 

automatically, then the necessary equipment \fJOuld be identified at 

this stage. 'nlis process \tJOuld require a database of current 

equipnent and machine oonfigurations to be accurately maintained. 

Along with the above activity, the oonfinned order is 

scheduled. '!he mmber, size and accessories required for the order, 

are identified and added to the production file. 

Using a simulation package and the data oontained in the 

production file, the sequence of production \fJOuld be roodelled. Any 

potential bottleneck operations being identified at this stage, and 

alternative oonfigurations tested in order to minimise or eliminate 

them. '!he information generated at this stage \fJOuld be used for 

accurate and realistic forecast dates. In addition to simulating the 

production for the new gannent it ~uld also be necessary to take 

into oonsideration existing orders currently in progress. The 
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finalised simulation configuration would be included in the 

prcxiuction file. At this stage the decision would need to be made 

whether to fit the order in with an existing order, or to c:x:rrpletely 

re-configure the assembly area for the new order. Both methods could 

be simulated to determine the best solution. 

Related research: 

Leeds University [work place simulation] 

Manchester Polytechnic [work place simulation] 
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3.2.2 Pre-assEIIbly production 

Stage 7 Fabric Inspection/flaw detection 

Fabric entering the cmpany \<\IOuld be inspected on a machine 

either by an operator or by machine vision teclmiques. Any fabric 

faults being identified, and the fabric coded in sane way [e.g. at 

the selvedge of \<\IOven fabric]. '!he fault code containing the type, 

size and location of the fault on the fabric. 

Each fabric roll \<\IOuld also be identified by its width, length, 

fabric type, colour, and any other distinguishing features, in 

addition to any faults detected during inspection. A sanple would 

then taken of the fabric and sent to the testing laboratory for 

evaluation. '!he fundamental fabric properties \<\IOuld be identified at 

this stage. 

Once inspected and identified the fabric roll \<\IOuld be 

transferred to the storage area. Data concerning the fabric roll is 

then entered into the fabric database (this database is available to 

the designer for fabric selection). '!he fabric's location in the 

storage area is also included in the database, along with its 

fundamental properties, when they bea:Jne known. 

Ideally fabric inspection should be carried out at the source 

of manufacture [weavers/knitters]. It is realised that this is not 

always possible or practicable, and relies to same extent on a 

cx:mnitment on the part of the fabric suwlier to provide this 

facility. Where CXItp3l1ies have a vertical structure and produce their 

own fabric this would be practicable. 
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Sewing threads, buttons, trims, zips, and other accessories 

would be cxxied similarly on receipt. 'lhese tNOuld then be enterec!. into 

the accessories database, and storec!.. 

Related research: 

KURIS [fabric inspection/CIM] 

ClM Centre [fabric inspection/evaluation] 

KaWabata [fabric evaluation]. 

Stage 8 Lay planning/rrarker making 

'!be production pattern pieces generated at stage 5 tNOuld be 

retrieved fran the production file. Using infonnation concerning the 

order scheduling, the correct nurl'ber and size of pattern pieces 

required tNOuld then selected. 

An autanatic lay plan tNOuld then be initiatec!.. Once the 

efficiency had reached a pre.,.detennined minimum value, lay planning 

would stop. The lay plan generated would be used as a first mst 

estimate of fabric mnsurrption. The lay plan/rrarker database would be 

searched in the meantime for existing rrarkers which may be used or 

mxtified. Existing markers would ncre likely be used for repeat orders. 

If an existing marker is not found then the lay planner tNOuld 

work interactively with the cx:.rrputer system, using the autanatically 

generated lay plan as a guide, to produce a new rrarker. The finalisec!. 

marker is stored in the prcxiuction file, and is also added to the 

marker database. The finalised marker is used for accurate ganrent 

cx>sting. 
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Related research : 

KURIS [markers/eIM] 

CYBRID [autanated lay planning] 

Oammercial systems [lay planning] 

Stage 9 CUt-order Scheduling 

The· cut-order planning progranme would retrieve all the 

information, fran the prcxiuction file, required to establish the 

spreading order. '!his would involve determining the type of fabric, 

quantity, and order in which it is to be spread out ~or cutting. The 

ntD'l1ber of plies in a particular lay 'NOuld also be determined, along 

with the cutting nachine required. '!his information being included in 

the production file. 

The order in which the pattern pieces are to be renoved from 

the cutting table (stripping), along with the type of picker that 

would be required, and its orientation with respect to the edge upon 

which the first operation is to be performed 'NOuld all need to be 

detennined at this time. Each pattern piece is located by its 

relative position in the lay, so it is possible to specify the exact 

oo-ordinates where the robotic picker can locate a particular piece. 

'!be stripping information would be included in the production file. 

Related research: 

Carrnercial CAD Systens [cut-order scheduling]. 
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Stage 10 Spreading and cutting 

When the order is ready to g::> into production the production 

file \'JOuld be retrieved. Fabric \'JOuld be transferred fran the stores 

in accordance the instructions for cut-order scheduling. The 

spreading machine \'JOuld need to employ a carousel type system for the 

fabric rolls, so that a a number of fabric rolls could be held for 

mixed or different orders. 

The spreading machine \'JOuld read the cut-order scheduling 

information contained in the production file and automatically select 

the correct fabric roll fran the carousel and start spreading. The 

production file also contains infonnation as to whether the fabric 

can be layed both ways (zig-za<}Jing) or only one way (lay,cut,return). 

When the spreading machine encountered a fault cx:x:ied on the 

fabric spreading \'JOuld stop. The fault \\IOuld be cx::rrpared to the 

production marker, and the decision whether to tolerate the flaw or 

rem::>Ve it \'JOuld be made. The spreading machine \'JOuld record the 

fabric consunption and update the fabric database when spreading is 

cmplete. 

The 'layed up' fabric \'JOuld be autanatically transferred on a 

conveyorised system, to the cutting table. The carputer directed 

cutter interpreting the marker in the production file, \'JOuld 

autanatically cut the fabric. Cutting <x>uld be either single ply 

cutting for 'one-offs', or low/medium ply cutting for standard 

production. High ply cutting \'JOuld be best suited to very large 

volmne production. 
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Related research: 

KURIS [fabric spreading/eIM] 

eIM Centre [fabric spreading/eIM] 

Gerber/ocmnercial systens [NC fabric cutting] 

Stage 11 Fabric stripping 

Pattern piece stripping information would be. retrieved from the 

prcxiuction file and passed to the stripping robot oontroller. The 

oontroller 'NOuld direct the robot through the sequence in which the 

pattern pieces are to be r€llDved fran the stripping table. 

A m.mi::Jer of fabric handling manipulators (pickers) would be 

available to the robot. '!hese being selected fran a magazine at the 

end of the stripping table (see figure 3.2). '!hey would be easily 

inter-changeable and selected in acoordance with instructions 

oontained in the production file, depending on the size and type of 

piece to be handled. 

Sane degree of 'intelligence' would be built into the picker so 

that inoorrect picking oould be easily detected. on successful 

picking the pattern piece would be loaded onto the overhead oonveyor 

(unit production system) for routing to the assE!l1'bly areas. Pattern 

pieces 'NOuld be loaded onto hangers in the oorrect orientation for 

subsequent work to be carried out on the piece. 

Related research: 

M. Hall [fabric handling] 

eIM Centre {fabric stripping]. 
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Stage 12 unit Production Systen (UPS) 

As the cut pieces are picked fran the stripping table and 

transferred to the ganrent piece hanger its intelligence unit \tJOu1d 

require updating with the description of the piece loaded onto it. 

The unit prcx:iuction systen rontroller would interface with the 

production file 60 that the routing of the pattern piece would be 

pre-detennined. '!his being achieved by retrieving the previous order 

simulation contained in the prcx:iuction file. The UPS would COII'prise a 

hanging gannent overhead rail systen as sUWlied by a number of 

companies. In addition to the overhead rail there \tJOuld be an 

accessories retrieval systen which would allow accessories required 

for the order to be routed to the assenbly areas fran the stores. 

The UPS would be used primarily to link the various prcx:iuction 

areas. It would also interface with the real-time control system, to 

provide supervisory control of the entire production process. In the 

event of machine breakdown, the UPS would be able to re-route 

gannents and update the real-tine rontrol systen. 

The UPS would be responsible for accurate line balancing and 

would enable gannents to be dispatched to operations with less work, 

possibly in a different sequence to the standard routing. Through the 

use of camputer graphics, the plant supervisor would have a visual 

display of the production lines and also have real-tine information 

concerning work in progress (WIP). 

Related research: 

Eton/Gerber/]NA/Investronioa/Juki/Veit/Jioe/OY T-Rolleytec/ 

Jet Age Systems/DUrkoH? [unit production systems] 
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3.2.3 GaDoent Asseubl Y 

Asserrt>l y areas (stage 13) 

At the sanple make-up stage (5) the order in which the garment 

is to be oonstructed has already been determined.. '!he machines and 

oonfigurations required. to carry out the operations were identified 

at stage 6. These sequence of operations are broken down in those 

carried out automatically by robotic units, and more oamplex ones 

requiring human intervention. 

In oonsequence the gannent production area is divided into two 

sections: 

(i) 2D (standard) sewing area, and 

(ii) 3D (oamplex) sewing area 

(i) 2D (standard) sewing area 

'!bis area 1NOuld require only the minimum of human intervention, 

and 1NOuld utilise the latest fully automated robotic equipment. It 

1NOuld CXlYprise a n1.llTber of 'sub-cells', each responsible for carrying 

out a particular operation [e.g. oollar top stitching and button

holing]. '!be sub-cells 1NOuld be linked. to each other by the UPS, and 

also to the other areas of asserrt>ly. 

Each robotic sub-cell 1NOuld accept parts fran the UPS in the 

oorrect n1.llTber and orientation required to perfonn the operation. Any 

accessories, trims etc., being stored. within the sub-cell in bulk 

form (stacks, rolls etc.), these being replaced when necessary fran 
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the stores. Each sub-cells w:>uld be as flexible as possible and able 

to respond. to changes in OCl'TpOnent specification, without the need. 

for skilled setters. 

If possible, the operation would be carried out on the gannent 

piece whilst still attached to the hanger. Sane operations however 

would not pennit this, in this case provision would be made to 

re-position the gannent on the hanger after the operation has been 

performed for routing to the next process. 

(ii) 3D (catplex) s8llling area 

In this area max.i.mum use would be made of the skills inherent 

in human operators for manipulating flexible materials and reacting 

to unforeseen circumstances. Although humans have tactile and sensory 

skills which are extranely difficult to emulate by robots, they 

suffer fran a variable and inconsistent work output. Production 

equipnent incorporated in this area would therefore need. to take on 

various functions traditionally carried out by the operator. In 

effect many tasks would be de-skilled, but not to the extent where 

the operator merely becxJnes a 'machine minder' • 

Due to the reduced skill requirements of the operations, 

operators would be able to operate a nlJl'l'i::)er of different type of 

machines. 'Ibis would mean that operators would require n8lll skills 

i. e. being able to handle a wide variety of equipnent. 'Ibis would 

also make operators ItDre flexible and enable then to ItDve quickly 

fran one process to another. 

For ItDst efficient production, each piece of equipment would 
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need to incorporate the latest developnents and include a 

prograrrmable unit interfaced to the overall system oontroller. At the 

design stage the allowances and seam widths would be specified for 

each gannent. This would require a device which could autanaticall y 

adjust the p::>sition of the fabric being fed into the machine. The 

progranmable unit would resp::>nd to the instructions for gannent make

up contained in the production file and adjust the equipnent [or 

direct the operator to adjust the equipnent]. Also correct settings 

for the equipnent to provide opti.rm.un make-up, based on the fabric's 

physical properties, would need to be taken into consideration. 

A 'quick response' sewing system would be enployed with 

operators working in teams. Equipnent would also be configured in 

such a way as to allow efficient multi-machine working, and ease of 

re-configuration for different styles and lines. 

Operators would interface with the real-time control system, 

their performance and output being nonitored and used in conjunction 

with the payroll system for wage generation. 

Inspection would be carried out by operators and where possible 

by machine vision systems. A 'quality circles' approach to gannent 

production lNOuld be operated, with operators taking full 

resp::>nsibility for the quality of garments produced. 

'!be small make-up unit (SHU) would be contained within the 3D 

(CXIlplex) sewing area, E!.ITploying a small ntmber of experienced 

operators responsible for producing class 'A' and same class 'B' 

garments. 

'!be robotic sub-cells would be integrated with the 3D (ocrrplex) 
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sewing units as shown in figure 3.1C. 'lbgether they would c:x::Jl1bine to 

produce class 'C' garments. 

Related research: 

M. Hall [fabric guiding & feeding/fabric handling] 

Durkopp & Mler [quick response sewing] 

Rinoldi [quick response sewing] 

Juki [quick response sewing] 

Aisin Seiko [quick response sewing]. 

Stage 14 Finishing 

Once the garment has been made up, it requires further 

treatment to ensure it is presented to the custaner in an 

aesthetically pleasing and acceptable fonn. The process of finishing 

would involve:-

- Transport of the made-up gannent to the press. 

- Installation of the gannent, in the correct orientation on the 

press. 

- Transport of the gannent fran the press to the packaging equipnent. 

- Packaging of the gannent. 

- Transport of the gannent to the warehouse/dispatch. 

Related research: 

CIM Centre [knitted gannent finishing] 

MITI [ganoent finishing]. 
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3.3 Key researd1 areas whidl need to be lDkessed before the cxncept 

of an integrated manufacturing system becx:mes a reality. 

The fore-going section presents a concept for an integrated 

system for garment manufacture. Unlike many proposed research 

prograrrmes, it proposes a sanewhat intermediate approach to 

integrated garment manufacture, based on hmnan activity in the 

assembly areas. 

As highlighted in the previous sections [related research] a 

number of organisations are making on-going contributions to various 

areas within the proposed system. The main problem is that few 

organisations are tackling the CXltplete integration task. This is due 

in part to the large n\lI'ltler of equipnent suppliers producing 

ina:rtpatible I islands of autanation I. In order for such a system to 

becX:me a reality it 1NOuld rely very much on a willingness on the part 

of equipnent manufacturers to develop machinery which could I plug-in I 

to a standard integrated system. 

One particular carpany KURIS has cbne much in proposing a eIM 

concept for the linking of operations fran fabric receipt and 

inspection through to programnable spreading machines and cutting 

systems (see figure 3.3). This concept however <Des not cover any 

design or making up operation, and necessitates equipnent being 

oarpatible. 

In order for such a concept to bea:me a reality, there are a 

nl.lIT'iJer of key areas which need to be addressed: 
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(i) Net-working of eguipnent - locally and globally. 

CDM requires that various oamputers can talk to one another, 

exchanging infonnation. nus presents a milDer of technical 

difficulties which have i.rrpeded progress towards CIM. '!he 

International Standards Organisation (ISO) became involved with the 

problem of cx:mnunications, and in 1981 they published the Open 

Systems Interronnection (OSI) mxiel, ronsisting of seven layers of 

protorol to organise data transmission and two-way cx:mnunication 

between CXI1puters. '!he first two layers relate to any local area 

network (lAN); layers 3 to 6 provide for data exchange between 

dissimilar machines in a wide area network (WAN); and layer 7 enables 

the user to access and use the services provided by the network101 . 

The problem with any standard is that it nrust be accepted by 

all manufacturers in order for it to be effective. HoINever, in 

addition to OS! there is the Manufacturing Autanation Protorol (MAP) 

and the Tedmical and Office Protorol ('lOP). Both systems are based 

on the OS1 ITDdel but have been developed for different requirements 

in data transfer. '!hey are only cxnpatible above levels 1 & 2 of the 

OSI mxiel. 

Difficulties associated with interfacing different equipment 

are likely to be the major problem areas requiring to be resolved 

before CIM is possible. 

(ii) System Control 

For a CDM system for gannent manufacture to run efficiently 

requires a tight rontrol on the interaction between operators, 
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machines, and production. System oontrol would need to include: 

- IDa.d.i.ng orders into the factory in a balanced way, to meet Cllstaner 

delivery requirements. 

- Mbnitoring of orders against a pre-planned target. 

- Maintaining manufacturing oosts at a mi.n.i.mum level. 

- Mbnitoring machine and operator performances and taking the 

necessary action in the event of machine breakdowns etc. 

A carputer integrated manufacturing system would require a far 

nore cx::rrplex 'real-time' system than those currently available. 

(iii) Converting 3D designs to 2D patterns 

This involves using three dimensional graphics packages to 

s.ilnulate a particular design, and fran that design identify pattern 

pieces required to make-up the garment. Once the pieces have been 

identified then they \fJOuld need to be ItDdified in tVJO dimensional 

form and then re-oonverted to three dimensional form to check the 

gecmetry of the pattern pieces. 

(iv) Cmputer-based pattern generation 

rus would provide a radical new approach to oonventional two

dimensional pattern engineering, which provides the designer with a 

flexible pattern piece which is autanatically fit to the required 

oonstraints. '1hi.s \fJOuld l1DVe designers/pattern cutters away fran 

\fJOrking with traditional media [paper and pencil] and enoourage 

visual display unit [VIXJ] \fJOrking. 
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(v) Reliable fabric handling in striwing and in transfer between 

sewing areas 

This is another critical area for realisation of a oamputer 

integrated garment manufacturing system. At present fabric handling 

at the cutting table (striwing) and at the various 'WOrk stations is 

currently one of the ITDst labour intensive operations in gannent 

manufacture. Systems are required which can accurately and reliably 

handle a wide range of fabric types and gannent shapes and sizes. 

'Ibis is an area which has presented a nmnber of major problems to the 

industry over the years. 

(vi) Encxx:ling information on ganrent pieces 

Information enooded on garment pieces 'WOuld greatly aid system 

oontrol. 'Ibis information oould be used to autanatically adjust, or 

to direct the operator to make adjustments to the equipnent. Fabric 

would need to be enooded at either the fabric cutting or fabric 

striwing stage. In this way each garment piece cx>uld be ITDnitored 

throughout the various stages of the production process. 

(vii) Control of fabric during the assembly process 

With oamplex three dimensional assembly operations, the 

operator expends a large anDunt of effort in oontrolling the fabric 

as it is being fed into the sewing machine. 'Ibis requires accurate 

hand and eye co-ordination. '!be developnent of systems which aid the 

operator in maintaining the quality of seams produced, 'WOuld irrprove 

the overall quality of gannents, and lNOuld not be Subject to the 
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variations of performance experienced by human operators. 

(viii) Fabric performance characteristics 

A thorough investigation of general fabric performance 

characteristics in relation to their making-up ability needs to be 

undertaken. Fabric properties have a significant influence on the 

final gannent fit and also influence their construction. At present 

insufficient knowledge exists ooncerning fundamental fabric 

properties and how they relate to machine settings, making-up 

oonditions etc. Each new process requires an additional investigation 

into the relationship that fabric properties have on -the process. 
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3.4 Selected areas to be pmrued in this researdl prugu.ule 

'Ib create a cx:trputer integrated manufacturing (CIM) system for 

garnent production is a major undertaking and rould not be 

realistically achieved by anyone individual or group. It involves 

the close ro-operation of a number of persons/organisations, 

specialists in their respective areas. 'Ibis neans that the whole 

concept of CIM has to be broken c:bwn into achievable target areas. 

At the start of this research progranme it was thought that the 

areas of fabric feeding and handling should be the main areas of 

study. During the rourse of research however, the scope of the 

project was widened to include the area of cx:trputer-based pattern 

generation. 'Ihis area was included since maximum use was not being 

made of cx:trputer systems for pattern design (PDS). 

Making-up of the gannent is one of the llOst inportant areas in 

gannent manufacture. '!be making-up sector of the industry suffers 

fran a high turnover of labour, hence a shortage of skilled workers. 

During the making-up process the gannent parts have to be fed into 

the machine and rontrolled by the operator during stitching. 'Ibis 

requires ronsiderable skill on the part of the operator. Robotic 

sewing has been proposed, but as yet, has not even awroached 

emulating the skills of experienced operators. '!be rost involved in 

developing such systems is likely to dissuade their uptake in the 

clothing industry. '!berefore an intermediate approach has been 

proposed in this project, with the integration of robotic sub-cells 

and operators. 
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'!he area of fabric handling opens up many possibilities for 

developnent in integrated gannent manufacture. Fabric has to be 

hmldled throughout the entire production process fran the stripping 

stage through to the pressing and packaging stage. In handling 

fabrics, the properties of the fabric have to be carefully analysed 

in order to optimise the reliability of the operation. 

The follCMing chapters detail the research undertaken. It has 

been subdivided into three specific areas:-

1. eatputer-based generation of block patterns. 

2. Autanated fabric feeding to industrial sewing 

nachines. 

3. Autanating handling of fabrics and other flexible 

naterials. 
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Chapter 4 

Computer-Based Generation 
of Gannent Pattern Blocks 



4.1 Review of met:OOds for creating gament patterns 

Although the teclmology associated with CXlTpUter aided design 

has been available in many industries since the 1970' s, it is only 

during the 1980 I s that there has been a large scale introduction of 

CXJtPuters into the sector of the clothing industry ooncerned with 

pattern making grading and apparel design102,103. 'Ihl.s has, .in turn, 

led to a greater availability of these systens to the small and 

meditnn-sized cx:rrpanies allowing them to benefit fran the greater 

flexibility and productivity offered by these systems104 . 

Many of the traditional roles perfonned by the designer/pattern 

cutter, such as pattern grading and pattern nndification can now be 

carried out interactively (sanetimes autanatically) on cxmnercial 

cx::rrputer-aided design (CAD) systems. One area has hc7wever remained 

unaffected by the use of such systems, that is the creation from 

first principles of basic pattern blocks. '!he evolution of CXlTputer

aided awarel design systens has developed around this activity and 

still today remains as the primary function in any cxmnercial system. 

In order to use any of the cxmnercial computer-aided apparel 

design systems available, it is first necessary to reoord the 

geanetrical description of the pattern piece in question in some 

CXJtpllter-acceptable digital fonn, for use as and when required. At 

present this is carried out in one of bA::> ways:-

(i) Digitising 

'!his facilitates the use of a full-sized digitising board 

and a rroveable cursor. Once the pattern piece has been 
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secured to the board, the operator uses the cursor to 

identify the specific locations (ncx:ies) which are then 

stored in menory as a digital description of the pattern 

(see figure 4.1). 

(ii) Scanning 

'!his is a c:arpletely autanated method of obtaining the 

digital description of the pattern piece. It involves the 

use of light sensitive (or similar) devices which are 

traversed across the pattern piece and change their state 

when edges of the pattern piece are encountered 

(see figure 4.2). 

Scanning offers significant accuracy improvements over the 

digitising method in that it requires minimal hmnan intervention to 

detennine the digital description of the pattern 105 . Both methods do 

however require the basic pattern (block) to be constructed manually 

[drafting] before it can be used. Any inaccuracies incurred during 

the drafting stage are therefore introduced directly into the system, 

where they will ranain (possibly unnoticed) throughout the ranaining 

operations. 

In order to carry out an assessment of the working practices of 

designers and pattern cutters within the East Midland region a survey 

was carried out by the author, the detailed results of which are 

provided in AWen<tix F. '!he main findings of the survey are outlinerl 

over. 
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(i) 'lbe majority of designers and pattern cutters sanpled still 

construct patterns using traditional techniques of nDdelling on 

work stands or point paper drafting. 

(ii) '!hose who have access to a CXI1'pUter system, still prepare the 

pattern manually before it is converted to cmputerised 

graphical information. 

(iii) Many designers and pattern cutters are unaware of the 

oammercial availability of .CXI1'pUter-aided design (CAD) systems. 

(iv) Several respondents cx:rrplained of the limited size of the 

screens of graphic display units (GIXJ) and the inability to 

work to full scale. 

In general, the results of this sunrey were found to oorrelate 

closely with a similar experiment carried out by the Fashion 

oepartment at Trent Polytechnic, to investigate how knowledge of new 

technology can be made available to the clothing industryl06.. Their 

investigation c:overed a wider geographical area of the East Midlands. 

'!be findings were further reinforced by a study carried out by 

the Gloucestershire College of Arts and Tedmology to detennine the 

use of CAD systems in the industryl07. 'lbeir work involved 

interviE!'tling top designers in the U. K. and a sanple of manufacturers 

and research organisations within the EEC. '!bey found that rrost 

designers interviewed expressed anxiety about cmputer aided design 

for a variety of reasons including; a loss of ethos of fashion design 

and a loss of sensitivity in design caused by aids such as the 

digitiser or stylus and screen size. 
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PI a 4 . 1 Digitising Pattern s 

Plate 4 . 2 Pattern Scannin g 

( so ur c Cybr i d Lld . ) 



4.1.1 Creation of patterns 

The pattern cutter, who is res];X>nsible for ronstructing the 

basic pattern and grading it to the specific requirements, is in the 

first instance, expected to translate the designer's ideas with 

accuracy and flair into a first semple. 'Ib achieve this requires a 

detailed analysis of the designer'S working sketch and a decision of 

which particular pattern creation method is best suited for 

developing the pattern to the selected style. 

There are three methods generally used by pattern cutters for 

generating patterns108, oammonly known as: 

( i) Drafting, 

(ii) Flat pattern design, and 

( iii) Draping. 

(i) Drafting 

This involves the drawing of a pattern on paper acrording to 

specifications which may be body or gannent measurements. Patterns 

produced by this method are referred to as blocks and have no design 

intricacies. 

(ii) Flat pattern design 

This involves the developnent of designs fran a master pattern 

(or block) which has no design details. Through the use of darts and 

dart equivalents, a design pattern is developed. This method is used 

for producing m:xierate and low priced ready-to-wear garments. 
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(iii) Draping 

Patterns are developed by observing grain lines of a fabric and 

SJIDOthing the fabric over the body (or work roan stand), and shaping 

near rontours using darts. '!his is IIDstly used by routuriers 

(producers of high (X)st garments) and those who design lingerie. 

Each methcx:i is effective, and depends upon the type of fabric 

and garment being made, and to a large extent on the personal 

preferences of the pattern cutter. It is essential that the pattern 

cutter understands not only the teclmiques for creating a pattern but 

also has a thorough knowledge of how the garment is to be ronstructed 

(made-up) 109 . 

'!be flat pattern design methcx:l is llDSt cx:mtDnly used for volume 

clothing production. M:>st new designs are developed fran basic 

blocks, which frequently involves only minor adjustments or changes 

to an existing pattern fran a previous fashion season. 

Historically, systems of pattern ronstruction developed in the 

early days of craft tailoring, long before the clothing industry was 

fonned. '!bey were devised to serve the needs of the busy tailor who 

needed a guide for drafting garments directly on the cloth. '!be 

acknowledged unreliability of the tape-measure for direct 

measurements helped to popularise proportionate measurement systems. 

KunickllO states that pattern oonstruction can be divided into 

t\tJO parts; firstly, knowing the rorrect measurements; and seoondly, a 

knowledge of the techniques of how they are awlied to pattern 

ronstruction .. 
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The hUl'llaIl fonn presents many gearetrica.l problems in pattern 

construction, hence pattern cutters have always sought an ideal 

system, without realising that a system laid cbwn by one person could 

not fully satisfy the needs of another. Many systems for pattern 

construction have therefore eva I ved. Hul..ne111 wrote in his book that:-

"The clothing industry has been prolific in systematic 
methods of applying descriptive data, and it is fair to say 
that in many of these pattern systems the principles 
involved have not been too obvious, or even clearly stated. 
Many years of study of English, American and European 
pattern system suggest that the methcxi may be unrelated to, 
or divorced fran, principle. The widest variations exist in 
that large group of systems which not only cb not state the 
principles applied, but which seem to proceed on the 
assumption that none exist, and that the Whole operation is 
EIlpirica.l. " 

Despite the limitations and inaccuracies of sizing data 

they are still used as the basis for pattern construction. Although 

block patterns are widely used in the industry, there are problems 

associated with gannents constructed fran them. In her paper 

., patterns vs. people', Taylor1l2 states that considerable 

irrprovanents in fitting the average person, can be obtained if IIDre 

realistic block patterns are substituted for those currently being used. 

Much of the problem of ill-fitting gannents can be attributed 

to the fact that many patterns are developed on work roan stands that 

are not true replicas of human fonn. '!his was investigated by 

Hutchinson113 who carried out research to discover the relationship 

bebIeen a two-dimensional paper pattern and the three dimensions of 

the human fODn; and later by Efratl14 . 
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4.1.2 Block patterns 

A block is a foundation pattern which is oonstructed to a set 

of standard measurements for an incti vidual of a particular size, in a 

particular size group. Block patterns are used in the industry to 

provide the pattern cutter with a basic shape fran which many 

different garment designs can be developed. 

In the clothing industry blocks are usually oonstructed using 

standard (average) measurements for specific groups e. g. regular 

sized men, regular sized 1tt'arel1, tall men, etc. '!he size charts for 

these groups are based on the relationship of different measurements 

(e. g. chest to seat) of an average person in a particular group. 

Nonnally size charts are oonstructed bearing in mind t\tt1O main factors: 

(i) '!he type of garment, and 

(ii) '!he market for which it is intended. 

Blocks can also be oonstructed to fit an individual figure by 

using personal measurements. With this method it becanes vitally 

inportant that the personal measurements are taken accurately and in 

the oorrect place on the bcxiy if the resulting block is to be 

successful. A block will vary fran c:atpany to cx::npany depending on 

such factors as:-

(i) '!he intended age group of the market [teenage, mature etc.] 

(ii) 'Iype of product [children's wear, men's wear, etc.] 

(iii) Price range and fabric cate<pry. 

(iv) Idiosyncrasies of the particular c:atpany. 
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Block patterns are jealously guarded by each individual 

cxmpany since to a large extent their future sales depend on the fit 

and shape they provide. 

A set of block patterns may consist of sections such as, a 

casual jacket, a one or two-piece sleeve and a collar. Each section 

will contain information such as:-

(i) Darts - which are used to shape the bNo dimensional fabric to 

the body contours. 

(ii) Grain lines - which indicate the best fabric placement for each 

pattern section. 

(iii) Inportant reference points such as centre back, centre front etc. 

(iv) Basic seam allowances. 

(v) '!he name, size and quantity to be cut of each section. 

'!he IlDst iITportant characteristic of a block is that although 

the design shape may change dramatically the basic fit of the pattern 

will confonn to the size of the basic block. 'Ibis point is enphasised 

by cainl15 and Melliar116 who state that the fit of a ganrent is 

directly associated with the accuracy of the manufacturers basic 

block pattern and that design style has nothing to do with it. 
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4.2 '!be need for the establ.isbnent of a systan for a:JIpIter 

siDul.atial 

'Ibis area of research in no way attE!Tpts to address the subject 

of achieving gxxi gannent 'fit'. 'Fit' has been described as the 

presence of five standards or factors; Ease; Grain; Line; Balance; 

and Set117• The detennination of 'fit' is highly subjective. The 

distinctions which skilled pattern cutters inoorporate into patterns 

can represent the difference be'bJeen mediocre and superlative gannent 

fit. The subject of 'fit' has been discussed by other~ (discussed 

previously). 'Ibis area of research is concerned with developing 

principles for generating gannent patterns on a CXJTputer and not with 

pattern design in itself. 

It has already been mentioned that many systems exist for 

pattern construction and that there is no hard and fast rule for 

sel~ing the best system. Much of the choice depends on the- skill 

and experience of the pattern cutter, whose personal choice will 

often vary according to the particular style of gannent to be 

constructed . 

Choice of system will also depend on the type of gannent to be 

made, as many systans are designed specifically for a particular 

cat.ec}:>ry i. e. wanen' swear, children's wear, men's wear etc. Also the 

type of fabric may have sane influence on the chosen system. 

rrhere is ITIlch literature which covers the subject of pattern 

cutting and block construction, also individual manufacturers may 

have their own specifications for block construction. Block patterns 
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for knitwear differ fran those for woven fabric, however published 

literature on knitted garment blocks is notable for its scarcity. 

'!he system chosen for developnent and carputer simulation 

was that presented in the publication by Aldrich entitled 'Metric 

Pattern CUtting for Menswear' 118. '!his system was developed to help 

the designer to awreciate the benefits of designing round the figure 

rather than seeing it as a body that only possesses a front view. It 

was designed to avoid rigid systems of drafting specific garment 

shapes. 

As a basis for developnent the particular blocks chosen 

'Nere the basic casual jacket block - body section and the one-piece 

sleeve to match. '!he reason being that once a CXltputer simulation 

system had been developed it would be possible to make-up a c:xmplete 

gannent to test the geanetry of pattern pieces. 

It was not the purpose of this study to sinply recreate a 

gannent pattern on the visual display unit (VOO) of the CXJTputer in 

the same fonn as described in standard text. Rather it was to fully 

analyse the drafting system and awly the principles to a CXJTputer 

simulated I1Dde1. '!he I1Ddel of the block would oontain only 

instructions for drafting the block, and would not be specific to any 

particular size. '!he user would then be able to retrieve the block 

which 'NOuld then be drawn autanatically to fit a standard size, or 

personal measurements. 

A detailed analysis of the principles of manual block 

oonstruction revealed that sane fom of mathematical m:xiel of the 

curves ,especially at the neck and scye (annhole), was necessary, if 
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successful CX11pUter simulation was to be achieved. Methods currently 

used to sketch the curves can lead to significant inaccuracies and 

inconsistencies. 

The following section examines the theoretical considerations 

involved and describes the formulation of the principles errployed in 

the developnent of CCllputer progranmes for the CCllputer-based 

generation of block patterns. 
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4.3 '1heoreti.all CDlSiderati.cns 

A pattern block can be thought of as a series of 

intersecting lines and curves which oonfonn to the instructions 

oontained in the block drafting instructions and which are based on 

the measurements obtained fran the relevant size chart (or personal 

measurements) . 

The drafting instructions give oo-ordinates of specific 

locations (or nodes) which then have to be joined. by either a 

straight line or a curved line. It is the curved lines which present 

the greatest opportunity for error during the manual drafting process 

and which are subject to variation fran designer to designer and 

carpany to cmpany, figure 4.3 illustrates this point. Although the 

specific locations remain exactly the same for the particular block 

it is possible to oonstruct a nl1lTber of varying scye (annhole) or 

neck curves to fit the nodes. 

'!he pattern cutter's skill is the factor which oontrols the 

curve and experience leads to the selection of the best curve to 

oonnect the ncxies. Various drafting aids are available to the pattern 

cutter, such as the 'Pattermnaster' and 'flexicurve ' in order to 

obtain best fit curves through the nodes (see figure 4.4). '!he 

'Patternmaster' is a clear plastic stencil one side of which has a 

shaped curve which can be used for drafting scye curves, the other 

side being straight. Lines are marked on the stencil parallel to the 

edges and at fixed distances apart. Once the nodes for a particular 

block have been located at the shoulder point and underann point, the 
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'Pattemmaster' can be placed on the pattern and traced around to 

produce a scye cw:ve. '!he advantages of using this stencil are that:-

(i) It provides a standardised scye cw:ve which can always be 

repeated, and 

(ii) It produces a SITOOth precise cw:ve through the nodes. 

The disadvantages of using the stencil are:-

(i) The stencil has a limited range of cw:ves which can be utilised. 

(ii) It is not possible to vary the parameters of height and width. 

(iii) The cw:ve profile is fixed. 

The 'flexicw:ve' on the other hand. can be altered at will to 

fit any constraints. It suffers however in that it does not provide a 

standard cw:ve which can be re-used once the shape has been altered. 

The drafting of curves on pattern blocks therefore presents 

a number of problems which have until recently relied on the skill 

and experience of the pattern cutter to overcx:rne. The following 

sections present a geometrical solution to the problem of generating 

curves to fit varying constraints of height and width at critical 

places in the block such as the neck and scye. 
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Flgure 4a3 PosslbLe Varlatlon 
In ScWe and Neck Curves 

poss~bLe neck curves 
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possl-bLe scye curves 

/ 
underarm 
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Plate 4.4 'Patternmaster' Stencil and 'Flexicurve' 
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4.3.1 Gecrretric IIDdelling of a neck curve 

'!he devel~t of a netlxxi for fitting a curve to the neck section 

of a block. 

In rrany instances it is necessary to control the angle at 

which the neck curves intersect with the nodes, the depth at which 

curve is produced, and also the overall depth and width of the curve. 

These factors influence the fit and shape of the neck section of a 

gannent. 

(1) CUrve to intercept roth axes at 900 am to touch a given 

radius fran the origin. 

n o de 

node 

\--~- -=-~- ---=:=:::::-:- ::::~- =---

-- ------------------ or igi n 0. 

where: 

'a' is the overall width 

'b' is the overall curve depth 

and ' r' is the given radius. 
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Develc.pnent of fonrulae relating curve rOOii to the overall width and 

I , 
rJ 

01. 
. I 

! 

,,~ 

\~ 
\ 

'~ ., 
' . 

r- - ----.:,---

\ 
¢,¢ I 

; I 

~-~. i nj 
;""-

~~~ _ _ ___ o __________ ~~_ origi n 

Fran the above diagram, 

(R1 + r)2 = R12 + b2 

:. R1 = b2 - r2 

2r 

and also, 

(R2 - Rl)2 = c2 + (R2 - b)2 

:. R2 = c2 + b2 - R12 

'Ihe point of intercept of R1 and R2 is given by:-

~ = Tan -1 [~:~-=-:~ )J 
(Xl - X2) 

hence: X3 = Xl + R1 Cos ( 'd ) 

y 3 = Y 1 - R 1 sin ( ~ ) 
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2. Ctu:ve to intercept either axis at any given angle myj to touch a 

given rOOius produced fran the origin 

I! , 
I 

r 
- - -----=--~>-----, 

I 

~--.-=-~~~~--------~~ 
i ---...------- ~-----------

a - overall width 

b - overall depth. 

OJ. - angle of intercept with Y axis. 

f>- angle of intercept with X axis. 
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Develqment of fonmlae relating cw:ve radii to the overall 

width am depth given radius am interce¢ angle 

-u 
, i 
tJ ' 

~ \ 
\ I 
I! 

I 

cP,¢ 

\ 
\ 

c 

Using the cosine rule, 

(Rl + r)2 = R12 + b2_ 2.Rl.b.Oos(90 +~) 

:. Rl = b2-r2 
2(r + b.Oos(90 +0<) ) 

'!be origin of Rl relative to 0,0 is given by 

Xl = a - RlOos(ot.) 

----

-----

(4.3.6) 

(4.3.7) 

Y1 ~ b + R1Sin(c() _____ (4.3.8) 
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Nc:N, 

C = Xl + (b + R1 Sin ( ex) )Tan(f> ) ____ (4.3.9) 

and, 

____ (4.3.10) 

Cos(~ ) 

Again using the cosine rule, 

(R2 - R1)2 = (R2 - d)2 + c2-(2C(R2 - d)Cos(90+~» __ (4.3.11) 

which gives, 

R2 = d2 + c2 + 2dc.Cos(90 + f3) - R12 
--------------------------------

2(d - R1 + c.Cos(90 +.,a ) 

the origin of R2 relative to 0,0 is given by 

X2 = -R2Sin(,6) 

Y2 = R2CoS(~) 

___ (4.3.12) 

_____ (4.3.13) 

_____ (4.3.14) 

The intercept of the two radii R1 and R2 is given by: 

t = Tan -1 [~:~_=_:~n 
(Xl - X2 )J 

X3 = Xl + R1 Cos ( ~ ) 

Y3 = Y1 - R1 Sin ( 1S') 
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4.3.2 1be developieul of a cm:ve to fit the scye section of a block 

As previously mentioned the sc.ye presents one of the major 

difficulti"es to accurate curve fitting. As a starting point to this 

investigation it was decided that a gec:metrical mxlel of the drafting 

aid the I Pattemmaster I should be sought. '!he nrxiel hcMever should 

have the capabilities to fit the standard scye curve to any 

reasonable parameters. 

The 'Patternmaster' curve profile was constructed full-size 

and the overall height and width measured, see figure 4.5. The small 

radius at the top of the curve profile was ignored for the purpose of 

this investigation, as it is not normally used when drawing scye 

curves. For ease of mxlelling, the curve is divided into t\\U parts; 

the bottan curve, and the top curve. '!he dividing point for the 

curves was determined as the point at which the curve intercepts the 

vertical axis. By construction this was determined as being 0.3 times 

the overall height, measured fran the bottan. 
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F~gure 4.5 'Patternmaster' Curve Prof~Le 
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4.3.3 Gec:a1etric nodelling of the bottan section of the scye cw:ve 

A curve based on two intersecting radii is best sui ted for 

pararreters in which height is less than half the width, as with the 

neck section. An alternative method was developed for the bottom 

section of the scye curve, basing the curve on three intersecting 

radii. '!his approach allowing a srroother, rrore defined curve to be 

produced. In order for each radii to meet tangentially, it is 

necessary for each adjacent radii to have their origins on the same 

projected line. 

~------------------------_~---r 
/~/ 

radi us 1 ~-

/ 
/ 
2 

3 

1- c .1 
where, 

, c ' represents the overall width of the bottom curve, 

, f ' the overall scye depth, 

'r' a given distance that the curve must touch projected 

from the origin, and 

'~ , the angle through whi ch ' r ' is inclined. 
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In order to equate the equations produced the angle is set 

at a 410 and the middle radius (2) is a function of the given 

distance 'r'. Radius 1 and 2 are asst.nneci to intercept with the 

vertical axis and horizontal axis tangentially. This assumption is 

justified as the bottom curve must meet the top curve tangentially 

and the bottom curve must meet a mirrored version of itself also at a 

tangent. 

F RO N T B A C K 
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Develcprent of foIl1lllae relating cw:ve radii to 00ttan cw:ve width 

am height at a given distance fran the origin 

r 
I 
I 
I 

.. p • ' .. e 

(/>, ¢ ... l __ ~ __ ---,c.~ _ _ __ .. _ 

Asst.nning that, 

f = 0.3 x overall scye depth 

j = 1.8 r 

e = 410 

Note: 

i..-z.- p 

I 

I 
-, I 

t 

------ (4.3.18) 

------ (4.3.19) 

______ (4.3.20) 

Al though the values of 'f',' j' and 'e' are assumed to be fixed they 

can be m:xlified if necessary. 

Making ' j' a function of 'r ' allows it to alter as the distance r 

alters. 
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Now, 

and 

h = (j + r)Sin(~ ) 

p = (j + r)Cos(-8 ) 

e = c - p 

'Ib find radius Rl we have, 

. 2 h 2 2 (R1 - J) = (Rl - ) + e 

expanding and cancelling gives, 

Rl = h2 + e2 _ j2 

2(h - j) 

_____ (4.3.21) 

(4.3.22) 

(4.3.23) 

_____ (4.3.24) 

To find the point of intersection with radius 'j' (Xl' Yl ) 

• Tan-

1 

[R~~=h J 
Xl = c - Rl Sin ( ~ ) 

Yl = Rl - RlCos( ~ ) 

_____ (4.3.25) 

_____ (4.3.26) 

_____ (4.3.27) 

To refine the curve further between the intersection of the curve and 

the X axis the midpoint can be found by, 

X4 = c - R1Sin( r2) 

Y4 ;" R1 - R1Cos( lS'2) 

201 

_____ (4.3.28) 

_____ (4.3.29) 

______ (4.3.30) 



'lb find R2, we have, 

(R2 - j)2 = (R2 - p)2 + (f - h)2 

which gives, 

R2 = p2 + (f _ h)2 _ j2 
------------------

2(p - j) 
(4.3.31) 

The intersection with radius j (X2 , Y2) is given by, 

Ol = Tan -1 [:_=_~_] 
R2 - P 

X2 = R2 - R2Cos(o.) 

Y2 = f - R2Sin(0() 

Refining the curve as before, 

Xs = R2 - R2CoS(~2) 

Y5 = f - R2Sin(~) 

______ (4.3.32) 

______ (4.3.33) 

______ (4.3.34) 

______ (4.3.35) 

______ (4.3.36) 

_____ (4.3.37) 

'!he limiting factor for a curve produced with this rnethcx:i is that the 

distance 'p' must not exceed the width 'e' ,otherwise the radius R1 

will not meet the x-axis tangentially. 
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4.3.4 Gea1etric Jl'Ddelling of the t.q> section of the scye cw:ve 

By visual inspection of the top curve it was felt that it 

could be m:xielled using the exponential function: 

f(x) = a(l - e(OI.X» 

where, 

I a I represents the arrpli tude of the function, and 

I 0( I a rrodifying function. 

r l 
, I 
I ' , I 

CS 
top curve 

(a) 
-L..- -f--- .--- - ----------- ._-- .. 

x 

By adjusting the value of I a I and 'ex.' it is possible to 

al ter the shape of the exponential function originating from (a) and 

passing through the point (b). 

This rrethod was thorough 1 y investigated and the resulting 

curves matched against the origin fOnTI. However none of the curves 

produced satisfactorily matched the original curve fOnTI, therefore 

another method was investigated. 
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Note: 

There is no doubt that some mathematical function can be derived to 

m:xiel the curve through the two points. Use of the following rrethod 

however has provided a very much sinpler and effective rrethod of 

m:xielling the curve. 

'lq> curve section rn::rlelling by three p:>ints 

-. 
I 

e~ ... _ -+------"'--- - - _. - " -

where, 

'm' represents top curve width, and 

'n' top height. 
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Now, 

2m 
_______ (4.3.38) 

At a point mid-way on the curve, half the top cw:ve height, 

_______ (4.3.39) 

Now, 

R3 - x = R3Cos(f!,) 

x = R3 - (R3CoS (/3» _______ (4.3.40) 

fran this, 

x = 0.24.m _______ (4.3.41) 

In order to fully describe the cw:ve it is only necessary to 

specify the locations (0,0) I (x/ O.5n) and (min) - all of which are 

defined. 

Note: 

The above solution provides by far the best fit to the original 

cw:ve. 

205 



4.4 AJplialtim of the JlDdelling techniques to amputer-based 

pattern generation 

CCIlputer-aided marker-making/pattern making/grading and cut 

order planning systems are perhaps one of the most beneficial 

developrents which have taken place within the clothing industry in 

the past decade. Technology is moving very rapidly in this area as 

the oost of hardware has been reducing whilst at _ the same time 

technical capabilities have increased. Minicarputers have becx:tre 

available at much reduced prices. 'lbese have adequate and reliable 

sto:r;age capabilities which are able to operate a large number of 

prograrrmes in parallel, and can utilise a number of tenninals and 

printers. 

'lbe geanetric m:xiels of the neck curve which intercept 

either axis at any given angle and at a given distance fran the 

origin, and the scye curve, fonn the basis of the technique developed 

for oarputer-based generation of basic patterns. '!he llDdels provide 

locations (nodes) along each curve which are ideally suited to the 

menu-based software package, Drawing Office Graphics System (IXXiS) , 

available for developnent of this technique. 

'!he alc;;prithrns developed for the mxiels can be run on any 

oooputer system which sUWOrts a graphics package. A rniniCXllputer 

system (PRIME 2250) was used in this instance, h<:7.Never a micro-based. 

system using a a:mnercial 2D draughting package such as CADKEY or 

AU'IOC.AD oould also have been used. 

The principles outlined in this section have been developed 
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as a 'front end' addition to current CXltpUter-based pattern design 

systems (PDS), and are not intended as the basis for an alternative 

system awroach. '!he progranmes were developed using an available 

software package and on hardware readily to hand. 
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4.5 '!be developieilt of a CDipJter systEm to generate pattern blocks 

Tb test the validity of the geometric models a parametric 

CXI1pUter programne was developed which allowed a curve to be 

generated using the modelling techniques. '!be parameters which 

described the I Patternmaster I stencil were measured and fed into the 

prograrrme as top width, bottan width, overall height and the distance 

the curve should be away fran the origin. 

The cmputer prograrrme (CRV.PR), detailed in Appendix G uses 

the formulae developed in sections 4.3. Using the PRIME system 

running rx:x;S, and dcMn-loading the resulting drawing file to a 

plotter a full-sized c:x:rrputer generated curve was produced. This 

curve was matched against the profile of the I Patternrnaster I and it 

was found that a very <}:XXi degree of similarity was obtained, see 

figure 4.6. 

The cmputer prograrrme developed allows any reasonable 

oonstraints to be placed on the cmputer generated curve. Figure 4. 7 

J;OOws a typical scye curve fonn generated by the prograrrme. Figure 

4.8 shows how the parameters can be altered to produce a family of 

curves fran the same origin with identical overall heights and bottom 

widths but with varying degrees of curvature and top width. '!be 

figure also shows how the curve can be fitted to smaller oonstraints. 
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·Plate 4.6 'Patternmaster' Stencil and Computer-Generated Profile 
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Figure 4.7 Typical Computer Generated Scye Curve 
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Figure 4.8 Effect o f Varying Parameters on the 

Computer Generated Curve Form 
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4.5.1 Ifa.J:'dIIIIare amsi.derat.ials 

'!be PRIME 2250 CcJtputer System 

~e digital carputer used to develop the pattern block 

generation programre was a PRIME 2250 minioatputer. 'Ibis is a high 

performance, low oost office system ideal for distributed processing 

neblork nodes or carpact, nn.llti-user system applications. The PRIME 

2250 system includes a 32 bit central processor unit (CPU), "2kb cache 

mE!lDry, a cxmnunications oontroller with eight asynchronous and one 

synchronous cxmnunications lines, a 158 rrb Winchester disk and a 15 

rrb cartridge tape unit and a diagnostic processor that also acts as a 

system oonsole interface. 

'!be PRIME 2250 s~rts up to 32 tenninals in an 

interactive environment of up to 128 processes. It uses the PRIM)S 

operating system which s~rts interactive and batch processing and 

is cxnpatible across the entire PRIME product range. It can be 

neblorked to other print systems using PRIMENET cx:mnunications 

software, peripheral and oontrollers which are c:x:lTpatible. The PRIME 

system layout is shown diagrarnnatically in figure 4.9. 
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FLgure 4.9 PRIME System ConfLguratLon 
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4.5.2 Software ansideratioos 

'!be Drawing Office Graphics System (rx:x;S) package, produced 

by PAFEC Ltd., is a a:ttpUter prograrme which has been developed to 

help a draughtsperson or designer carry out all the tasks previously 

perfoI1Tl9Ci using a drawing board. rxx;s also has facilities for 

performing operations that could not easily be carried out such as 

deletion, oopying, dragging and hatching, together with the ability 

to have cx:rmon shapes stored in mellDry for easy recall. rxx;s is a 

menu driven prograrme which operates at three levels: 

(i) '!he Master Menu 

'!his is the first menu that ~s on the Graphic Display 

Unit (GDU). It is an extensive control system which allows I'IDst 

of the design lNOrk to be carried out fran within rx:x;s. As well 

as the actual draughting it is p::>ssilile to do the necessary 

plotting lNOrk, carpacting and archive investigations fran here. 

(ii) The Initialise Menu 

On starting a new drawing, this is used to obtain 

inp:>rtant infonnation that is needed to set up a new drawing. 

( iii) '!he rxx;s Menu 

This allows the user to select fran a very wide range of 

options without the need to learn a:ttpUter cannands or 

mnemonics. It consist of fourteen individual sub-menus, each of 

which has a sinple descriptive name such as LINE, 'lEXT, COpy 

etc. within each sub-menu are a series of mmbered options I'IDst 

of which have a sinple descriptive name e. g. RESET USER ORIGIN, 

SilG.E LINE 'lEXT, etc. 
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In any form of drafting it is often found that standard items 

or symbols are frequently repeated. rx:x;s precludes the need for the 

repeated drawing of such syrrbols. Syrrbols need only be drawn once, 

the user can then instruct rx:x;s to store that syni:x>l so that it can 

be easily retrieved. 

A 'parametric' symbol is a list of instructions (programme) 

in rx:x;s which upon retrieval leads the programme through a series of 

menu options, as if the user has selected the options and sUWlied 

the data. Parametric progranrning within rx:x;s allows a oonsiderable 

degree of flexibility. It also allows the user to run the programme 

without prior knowledge of the menu options. 

'!he following sections detail the developnent of parametric 

progranmes to run on the PRIME system, showing how the geanetric 

rrodels developed in section 4.3 are inoorporated within the overall 

parametric prograrnne to prcxiuce a man' s basic casual jacket block and 

one-piece sleeve to match. 
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4.5.3 DeYeloptellt of paranetric progrWiilCS for the basic alSUal. 

jacket block am ooe-pieoe sleeve block 

Although the Aldrich system of pattern cutting is used in 

this study it was felt that the block should be generated in a 

different way to that presented in her publication. The reason being 

that if the front and back sections were drafted separately it would 

be easier to add seam allowances to the final bl~, also it would 

allow for greater manipulation of the blocks in the future stages of 

lay planning and marker making. 

Traditionally block patterns are drafted to one basic size and 

if other sizes are required then the pattern is I graded I. Pattern 

grading involves adding or subtracting a kn<::Mn increment in either 

the X and/or the Y direction to provide a new location which either 

increases or decreases the pattern outline, see figure 4.10. Grading 

is used because it speeds up the process of re-drawing the pattern to 

various size requirements. However the known increments (known as 

grade rules) have to be accurate in order to ensure that the graded 

pattern pieces match the size requirements. Patterns can also be 

graded using the proportionate method whereby the largest and the 

smallest pattern pieces are drawn. 'lbe patterns are then placed on 

top of each other along a suitable datum. 'lbe salient points of each 

pattern are located and a line drawn through them. If, for exanple, 

four sizes are required, then the line is bisected into four equal 

parts. 'Ibis process is repeated until all the necessary points 

required are identified. 'lbe intennediate patterns can then be drawn, 

216 



see figure 4.11. 

Fran the above description it can be seen that pattern 

grading is a very lengthy process and requires a certain degree of 

skill to ensure that resulting patterns are oorrect. Carmerciall y 

available oamputerised pattern making systems previously described, 

have greatly de-skilled and speeded-up the process of pattern 

grading, but they all however require the grade rules to be pre

progranmed. 

The process of pattern grading can best be surrrnarised as a 

system whereby larger or smaller similarly featured patterns are 

produced without the need to obtain the standard measurements fran a 

size chart and draft the pattern fran first principles. The system 

was invaluable in the days when all drafting was perlonned using 

pencil and paper. HoweVer, now with the flexibility and ease of 

manipulation available using cx:::rrputer based drafting systems the task 

of drafting patterns to specific size requirements no longer presents 

major problems in tenns of time or skill involved. 

Using the ccmna.nd language (parametrics) available with the 

rx:x;s system it is possible to prograrme all the instructions 

necessary to draft a basic pattern fran first principles in variable 

fom, without specifying fixed dimensions. Then upon running the 

progranme, sizes can be assigned to the variables allowing the block 

to be ronstructed based on the measurements. 

In short, rather than attenpt to develop a prograrrme which 

merely drafts a particular sized pattern block, upon which subsequent 

operations have to be perfonned to obtain different sizes, the 
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developed progranme oontains all the instructions necessary to 

oonstruct, fran first principles, the block pattern. '!he sizes 

required can be assigned by the carputer fran the stored size chart 

or input by the user when prarpted. 

The developed progranme allows the user to oonstruct at the 

Graphics Display Unit (GDU) a man's basic casual jacket block and 

one-piece sleeve to match, having had no previous knowledge of 

pattern drafting or cutting. '!he block can be drawn to anyone of a 

range of standard sizes classified in standard chest sizes ranging 

fran 88 an through to 120 an, in increments of 4 an. All other sizes 

associated with that standard chest size are retrieved automatically 

fran the CXltpUter stored size chart and used by the paranetric 

prograrnne to construct the jacket and sleeve blocks. 

Alternatively, if a standard chest size is not required and an 

intermediate size or a specific sized block is required then the user 

is prarpted by the prograrnne to input the measurements, which would 

nonnall y be stored in the size chart, and uses these to construct the 

blocks. In both cases the user is pratpted for the jacket length as 

this would vary according to the style and has no fixed length. !my 

proportionate measurements needed to oonstruct the block are 

calculated within the prograrnne, therefore the user has only to 

sUWly a standard chest size or input sizes which can be readily 

measured on the 1:xrly to be able to oonstruct the block. 

'!he flow chart of the nein paranetric progranrne is shown in 

figure 4.12. On running the programne, and sUWlying a standard size 

or personal size required, the block is autanatically displayed on 
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the GlXJ. The progranme selects all the relevant IXGS menu options to 

enable the outline of the block to be drafted. The progranme then 

calls a separate parametric progranme to draw in the scye curves, the 

overall height and widths at the top and botton of which are supplied 

to the sub-programre fran the mlln progranme. Having drawn in the 

scye curves, control is then passed back to the main programre. 

The main progranme then calls the parametric progranme 

which draws in the neck curves. Again the overall height and widths 

are calculated within the mlln programre and passed to the sub

progranme. During the running of the sub-progranmes the respective 

curve lengths for the scye, front neck, and back neck sections, are 

calculated and passed back to the mlln prograrcme to be stored as 

variables. Text information is then added to the block, this includes 

the calculated curve lengths. 

If a sleeve is to be drafted, then the view is autanatically 

changed. The parametric which generates the one-piece sleeve block is 

then called, and the variables relating to the scye curve length are 

passed to it. All calculations required to draft the block are 

performed within this sub-programne, except the sleeve length which 

would have been retrieved fran the size chart, or SUWlied by the 

user. The programne selects the menu options necessary to generate 

the sleeve block. Control is then passed to the mlln prograrcme. 

The parametric prograrcme then stops and control of the rx:x:;s 

menu is now passed to the user. If the sleeve was not required then 

the progranme would stop without drawing a sleeve block.. '!he 

prograrrme structure is shown diagranmatically in figure 4.13. 
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'!he user now has rontrol of the lXlGS menu and can use any 

of the menu options to alternate between the jacket and sleeve block, 

m:xtify the basic block in any way, zcon in on any part of the 

drawing, ack:i seam allowances, etc. An .irrmediate hard ropy of the 

drawing of the blocks can be obtained using the on-line printer. 

Alternatively, using the plotting facility, a high quality full size 

(or any scaled size) plot can be obtained which can be used as a 

pattern for the subsequent cutting of material. The main prograrnne 

(BCJ2 • PAR) along with the sub-programnes are listed in Appendix G. 

A description of each sub-progranme follows, showing 

how the geanetrical m::xiels have been used. 
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F~gure 4.10 Grad~ng Us~ng Grade RuLes 
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F~gure 4.12 Bas~c Casual Jacket Block 
Parametr~c Programme FLow Chart 

RETRIEVE AU 
OTHER SIZES 

FROM SIZE CHART 

NO 

CAlCULATE ALL 
PROPORTIONATE SIZES 

DRAW ARM SCYES 14----1 
ON BLOCK 

PROt1PT USER 
FOR ALL THE 

REQU IRED SIZES 

CALL FRONT NECK DRAW FRONT NECK 
'------.t PARAMETRIC t-----I~ ON BLOCK 

DRAW BACK NECK CAU BACK NECK 
ON BLOCK 14---1 PARAMETRIC ..... ---~ 

PRINT OUT AU 
CALCULATED 

CURVE LE~THS 

ORAW ONE-PIECE ..... ---t CAlL ONE-PIECE 
SLEEVE SLEEVE PARAMETRIC 

222 

NO 



F~gure 4.13 Jacket and One-p~ece SLeeve 
Parametr~c Programme Structure 
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4.5.4 Ann scye parametric pLOgUallle 

'!his programne uses the ncdels developed in sections 4.3.2, 

4.3.3, and 4.3.4 to enable points along the scye curve to be 

calculated, and is a further developnent of the programne (CRV.PR). 

'!be programne selects the oontinuous line option of the rx:x;s 

programne to draw a oontinuous curve through the calculated 00-

ordinate points to produce the ann scye curve. The values for the 

overall height, top width and bottan width are calculated in the main 

programne and. used as the oonstramts for the curve. 

In the industry points along the curves of the ann scye and 

sleeve head, kn<:Mn as pitch points, are used to faciiitate matching 

of the two parts during making-up. '!his is catered for within the 

programne and. appear on the resulting blocks as FP and BP, front 

pitch point and. back pitch point respectively. 

Manual drafting of the pattern requires that the scye curve 

length be measured with a tape measure. 'Ibis is notoriously 

inaccurate and can lead to many errors. '!his is eliminated in the 

programne by autanatically calculating the curve length, achieved by 

totalling the lengths of curve sections which were used to define it. 

CUrve lengths fran the pitch points to shoulder point or underann 

point are also calculated along the curve or in a straight line as 

required. The values are stored as variables to be passed back to the 

main progranme. 
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4.5.5 Back neck curve parametric pIogI&lUe 

The progranme uses the oontinuous line facility of the OCGS 

progranme to draw the profile of the back neck. It uses the 

theoretical m:xiel developed in section 4.3.1, to calculate the radii 

of the 'b«> intersecting curves which make up the curve. The m:xiel can 

be adapted to allCM the curve to intercept with either axis at any 

stated angle and at any stated distance fran the origin. In practice 

these values would be fixed (as they have been in the programne). 

The overall width and height of the curve is calculated in 

the main progranme and the values passed to the the front neck curve 

progranme in order to calculate the radii of the intersecting curves. 

Once the radii have been calculated positions along the curves are 

calculated relative to the origin and used for the oontinuous curve 

option to draw in the curve. 

As the curve is of known gearetric fonn it is IlCM possible 

to calculate its length, which is cbne within the programne and 

stored. 

4.5.6 FnX1t neck curve parametric pIogLatDe 

This progranme also uses the oontinuous line facility of 

the rx:x;s prograrrrne to draw in the front neck curve profile. Owing to 

the limitations of the back neck curve programne which is best suited 

for curve profiles which are relatively long in proportion to their 

height it was decided to adapt the ann scye programne. The progranme 

was easily adapted by siJrply using the m:xiel created for the lower 

part of the curve and applying it to the front neck section. 
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The overall height and width of the front neck is 

calculated within the main programne and the values passed to the 

front neck programne when it is called. Although it is possible to 

alter the depth of the CUIVe it was felt that the ad:ied advantage of 

having this facility tNOuld not be required in the initial phases of 

develo);108Ilt. 

As with the back neck CUIVe it is possible to calculate the 

total length of the CUIVe by adding together all the lengths of 

curves fran which it is derived. The value is stored and passed on to 

the main programne. 

4.5.7 Sleeve block parametric p1:ogtdUDe 

'!he programne drafts a basic one-piece sleeve block to 

match the jacket block being drafted by the main programne. The 

sleeve length and scye CUIVe lengths are sUWlied by the main 

programne. '!he programne selects the relevant menu options to enable 

the block to be drawn and adds the text information. locations of the 

front and back pitch points are also shown on the block to be used 

later for matching with the jacket. 
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4.6 Experimental details 

'!be primary objective in this area of the study was to 

create a system of c:x:JTPuter-based pattern generation that CDuld be 

used to create a basic pattern block. 'Ibis (X)uld then be used as a 

pattern for a gannent to be made-up. '!be progranme was developed in a 

m:x:iular fashion to allow the sub-programnes to be called by the main 

progranme as and when required. 'Ibis allows the various sub

programnes to be used with other programnes which may require similar 

curve fonns. 

Figure 4.14 shows the CDtputer generated basic casual block 

- body section to fit a standard chest size of 100 em and figure 4.15 

the one-piece sleeve block to match. Indicated on figure 4.14 are the 

areas where the sub-programnes were called to fit the curves to the 

jacket block. '!be block CDntains all the textual infonnation 

necessary to cut pattern pieces. '!be variables listed on the left 

hand side of the block provide infonnation on the following:-

TI' - The total scye curve lengths (front + back) used for matching 

the sleeve head. 

SP - '!be distance (measured in a straight line) fran the front pitch 

point FP to the shoulder point. 

FPO - '!be distance along the curve fran the front pitch point FP to 

the underann point. 

FPS - '!he distance along the curve fran the front pitch point FP to 

the shoulder point. 
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BPO - '!he distance along the curve fran the back pitch point BP to 

the underarm point. 

BPS - The distance along the curve fran the back pitch point BP to 

the ·shoulder point. 

YC - '!he distance fran the front pitch point FP and the axis passing 

through the uncierann point. 

S10 - '!be sleeve length for the block (taken fran the size chart). 

BCL - Back Neck curve length - calculated within the sub-programne. 

FCL - Front Neck curve length - calculated within the sub-programne. 

Figures 4.16 to 4.19 show several standard basic blocks. rx:x;s 

has the facility of allowing the user to add lines or curves parallel 

to existing line or curves. '!his facility can be used to add seam and 

hem allowances to the block. Figures 4.20 and 4.21 show the basic 

casual jacket block and sleeve, for a 100 an standard chest size, 

with seam and hem allowances included. Once the parametric programne 

has generated the blocks, the user is free to add or delete lines as 

necessary. 

'!he next stage of the investigation was to oonstruct a 

garment based on the carputer generated block. '!he block size chosen 

was a standard 104 an. '!he block pattern was created sinply by 

retrieving and running the programne BC.J2. PAR and inputting the chest 

size of 104 an along with the jacket length of 80 cu. Seam and hem 

allowances were ad:ied to the blocks, and a plot file was created to 

allow an off-line full size plot to be produced on the CAUlJ.1P dnnn 

plotter .. 
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'!he full size plot was used as the actual pattern for cutting 

out the ganrent pieces fran medium weight calioo. '!be ganrent was 

then made up and tested for fit. Plates 4.22 and 4.23 show the blocks 

prcxiuced for the jacket and one-piece sleeve to match. 

As the ganrent was made-up fran basic block patterns which 

contained no styling features, it was felt that I fit I of the gannent 

oould not be fully investigated. Of main interest were the ease and 

accuracy with which the ganrent pieces oould be assembled, and the 

degree of fit obtained at the ann scye sections. Plate 4.24 shows the 

garment made up using the c:x:rrputer generated blocks, plates 4.25 and 

4.26 show the degree of fit obtained at the ann scye. 

'!be first point noticed during making-up was that the 

sleeve oould be attached to the body with ease and that the pitch 

points matched up oorrectly. A basic collar was cut using the 

measurements calculated fran the programne, this again was made-up 

with no difficulties encountered. Styling of the pattern was anitted 

intentionally as it was really only the basic fit of the garnent that 

was in question. 

In general not ruch can be said about the assessment of the 

fit, except that the garnent made-up accurately and no ITDdifications 

were necessary. Making-up was carried out by an experienced machinist 

at the Polytechnic and the resulting gannent inspected by the 

technical staff who found it to be correctly drafted. 

'!be system has been described in article published in Knitting 

Internationall19 (see ~ Q). 
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Figure 4.14 
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Figure 4.15 Basic One-piece Sleeve Block 
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Figure 4.16 
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Figure 4.17 BASIC CASUAL JACKET BLOCK - BODY SECTION 
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Figure 4.19 

CHEST SIZE (CI1) - 120.00 

11= 60.68 
SP= 20.23 
FPO =8.18 
FPS =21.38 
BPO =15.32 
BPS =15.11 

YC =3.36 
SlO =66.00 
BCl =10.33 
FCl =15.38 
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Fig u r e 4. 20 BASIC CASUAL JACKET BLOCK - BOOr SECUON 
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Figure 4.21 Basic Sleeve Block With Seam 

and Hem Allowances 

ONE-PIE SLEEVE 
(TO FIT CHE T - 100.00) 

CU 2 
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---------------------
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Plate 4 . 22 Basic Jacket Block l04cm Chest - P~ltern Pieces 
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. Plate 4 . 23 Basic Sleeve Block - Pattern Piece 



Plate 4 . 24 Completed Garment 
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Pla t e 4. 25 Sleeve Fit - Front View 
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4.7 OXlclusials and further '4IIDrlt 

4.7.1 Conclusions 

The study has shown that using awropriate mxielling 

techniques it is possible to create a reliable and oonsistent 

cx::ITpUter based system for the generation of basic pattern blocks. 

This offers significant advantages to the user in the follCMing 

areas:-

(i) There is no need for digitising/scanning of pattern pieces, 

eliminating many inherent errors and also expensive hardware. 

(ii) Parametric prograrrming allCMS an extrerely flexible user

friendly system to be developed. 

(iii) Manual drafting is tine oonstnning and requires a great deal of 

skill on the part of the pattern cutter. 

(iv) Digitising of lines and curves requires the additional stages 

of straightening up the lines and m:x:lifying the curve profiles. 

(v) Digitising of pattern pieces requires an operator who has 

undercpne specialist training with the particular caTputer 

system used. 

(vi) There is no need for any grading with parametric progranming as 

all instructions are in variable fonn. 

(vii) The cxxrputer stored size chart can be easily mxlified as all 

sizes relate to standard body measurements. 

(viii)The system is quicker and easier to use than manipulating a 

basic rectangle on the graphics display unit (GlX.J). 

(ix) Parametric programning ensures 100% repeatability when 
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constructing the same block on different drawings. 

(x) Consistency of drawn curves at the neck and arm scye is 

obtained. 

(xi) Geanetric nodelling of the curves allows their lengths to be 

accurately calculated. 

(xii) Collar lengths and sleeve curve lengths can be accurately 

matched to the block. 

4.7.2 'Dle need for further work 

In developing this system for CDTputer-based pattern blocks 

it was found that an alternative approach oould be made to the 

present practice of digitising and grading pattern pieces. It seems 

unlikely present practices will disappear altogether with the 

introduction of CAD, as many designers and pattern makers are still 

very reluctant to carry out their work at the oooputer tenninal. 

'!be system developed presents an intermediate step in awl ying 

CX!1puter technology to the art of pattern making, in that a range of 

basic block patterns will be available to the designer or pattern 

cutter. '!bese blocks can then be manipulated at will to add style 

features and any other features that are required. '!be designer \l.Uuld 

be certain that the block is oorrectly oonstructed and based on 

standard sizes. 

'!he system as it stands is not by any means oooplete as at 

present only a basic casual jacket block and one-piece sleeve are 

available. What this particular system cDeS however show is that by 
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using awropriate m:xielling techniques it is possible to create any 

block required. 'lhe particular blocks were chosen because they have 

elements which were oonsidered difficult to mxiel such as the scye 

curve sections. 

The principles outlined at present favour the woven gannent 

industry nore so than the knitted garment industry because of the 

wealth of excellent literature oonoerning block and pattern 

oonstruction. Although the blocks for knitted garments tend to be 

much sinpler than for woven blocks, many are developed 'in-house' and 

published literature is scarce. 

In order to fully develop the a:mputer based system, tried 

and tested block oonstruction instructions are required. 'lhese 

instructions need to be carefully analysed, and were necessary 

modifications implemented, to emulate the principles involved in 

construction and formulate models of areas where inaccurate sketching 

techniques have previously been used. 'lhe system should find 

oammercial application because of its flexible nature and modularity. 

243 



Chapter 5 

Automated Fabric Feeding 
to an Industrial Sewing Machine 



5.1 Historical develop"ent of feeding syst:mE 

Prior to Walter Hunt's sewing machine of the 1830' s no 

provision had been made for the cloth to be fed through the machine 

at a regular and reliable rate. Prior to this t:iJne the cloth had to 

be fed through the machine by hand, an extremely difficult task 

requiring considerable skill on the part of the operator to ensure 

the formation of regular stitches.. Hunt's machine went part of way to 

solving this problem by attaching the fabric to a rack on the 

machine. '!be rack lTDved a predeternri.ned aJTDunt as sti.tches were being 

fonned. At the end of the travel of the rack, the machine had to be 

reset and the cloth repositioned if the seam was longer than the 

rack. 

By 1842 Benjamin W Bean had developed a continuous feeding 

system. '!bis involved feeding the cloth through a set of gears. It 

was used for run stitching, where an infinite length of seam could be 

produced. In May 1849 JOM Bachelder invented a system for continuous 

cloth feeding. '!be cloth holder was in the fom of an endless belt 

supported on cylindrical rollers. '!he belt carried a series of wire 

protrusions near the edge adjacent to the needle. Whilst the machine 

was in lTDtion the cloth was carried forward under the needle, and 

after being stitched was separated fran the belt (see plate 5.1). 

A year later A B Wilson incorporated a feed on his machine 

which consisted of a sliding bar against which the cloth was held by 

a stationary presser. Whilst the needle was still in the cloth the 

sliding bar returned for a fresh grip on the fabric and so carry it 
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forward after the stitch. Wilson also nade what is perhaps the ITDst 

irrportant contribution to cloth feeding - the I four IlDtion feed I , 

patented in 1854. It is interesting to note that over a hundred years 

on it still renains as one of the IlDst important features of a sewing 

machine. 

The years 1850 - 1900 also saw many other important feeding 

system introduced. In 1857 a United States patent was issued to Olase 

for a needle-feed machine. As the needle descended into the cloth the 

needle lever was caused to IlDve, carrying the cloth with it. The 

success of this system has not been well documented but without any 

additional feeding devices to assist in cloth feeding it is likely 

that constant bending or breaking of the needle would have occurred. 

Singer was also granted a patent in 1857 for a differential 

feeding system incorporating two rollers. The I universal feed I was 

also developed around this time by Lyman Reed Blake. '1hl.s allowed the 

feeding mechanism to be revel ved in order to change the direction in 

which the c:x:l1pOnent is fed as it was being stitched. A reverse-feed 

mechanism was also developed allowing the operator to effect reverse 

feeding of the cloth to back-tack and secure the stitches. 

In 1860 two machines were developed that had different feeding 

systems. The first developed by G B Arnold oonsisted of a mechanism 

that ruffled the cloth as it was being stitched. It used two I four

IlDtion feed I dogs placed one in front of the other, each having 

independent travel lengths. The seoond, developed by Allen and 

ltblyneux, used two serrated or toothed rollers, placed one above the 

other, only the top roller was driven, the other being an idler or 
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SllFPOrt roller. 

George Barker and Charles Davies received a British patent in 

1866 for a device which oonsisted of a top feeding foot to rove the 

cloth. An article of the time ooncerning this patent makes mention of 

a needle feed mechanism \tJOrking in oonjunction with the feeding top 

foot, but it is not cxxrpletely certain that this ever actually 

aweared in the original full patent specification. The article went 

on to state: "had this system operated in oonjunction with a four

rotion feed underneath the cloth plate, instead of against a snooth 

cloth plate, the patent \tJOuld have oovered the system used today in 

alternating pressers ccrrp:>und feeds." 
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5.2 Review of feed medlanisnB used with imustrial sewing machines 

Any sewing machine requires sane means by which the fabric 

being sewn can be neved under the needle, without this every stitch 

would be formed in the same place on the fabric. In the earliest 

fonne of sewing machine no feed mechanism was provided, the operator 

had to nove the fabric during stitching, this was not an easy task 

and consistency in stitch length could not be maintained. 

Further developrents in the sewing machine incorp:>rated a feed 

(or feeding) mechanism which ensured that the fabric was neved 

forward a predetermined distance during stitching. 'Ibe mechanism 

became an integral part of the machine. carns were used to provide the 

necessary timing and to ensure feeding occurred at the correct tiIre. 

'Ibis section reviews the nost COOTIDn and widely used feed 

mechanisms in use with nest types of lockstitch and overedge 

machines. Published literature on this subject is extremely scarce 

hence references are nostl y made to cx:mnercial mechanisms .120,121 
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1) Drop Feed Mechanism (Four M:>tion Feed) 

This is the J1'Ost widely used feed mechanism for standard 

lockstitch and overedging rrachines, although many m:xlifications have 

been rrade to the basic mechanism. '!be mechanism consists of: 

(i) the presser foot, 

(ii) the throat plate, and 

( iii) the feed dog (see figure 5.2). 

The function of these elements are as follows:-

(i) The Presser Foot 

This holds the fabric down finnly against the throat plate 

as it is being stitched and prevents it fran J1'Oving up and down 

(flagging) as the needle enters and leaves the fabric. This 

action aids the proper fonnation of the needle thread loop, 

and also provides pressure against the feed dog to ensure that 

the rraterial will be roved forward, one stitch, with the feed 

dog as it advances. The presser foot pressure is achieved by 

spring force which can be adjusted to ensure oorrect feeding 

oonditions for the particular fabric being stitched. 

(ii) The Throat Plate 

This provides a SIYDOth surface over which the fabric passes as 

successive stitches are rrade. ~gs in the throat plate 

allow access for the teeth of the feed dog to protrude. As the 
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feed dog rises to cx:mnence its forward notion the teeth engage 

in the fabric and press it against the under surface of the 

presser foot. On carpletion of the forward notion the feed dog 

drops down beneath the surface of the throat plate to retunl to 

its start p:>sition, ensuring the fabric is not noved back with 

the feed dog. There is also an opening in the throat plate to 

allow the needle to pass campletely through the material and 

interact with the stitch forming carponents underneath the 

throat plate. 

(iii) The Feed D::lg 

This JIDves the fabric forward by a predetermined distance 

between successive stitches. The anount of JIDvement of the feed 

dog is adjusted by rreans of a stitch regulator. This in effect 

alters linkages within the sewing machine to alter the stroke 

length of the feed dog. The oorrect timing of the JIDtion of the 

feed dog, the part which is responsible for JIDving the fabric, 

is extremely ilTportant. The JIDvement of the fabric must take 

place when the needle is not penetrating it, otherwise fabric 

distortion and/or needle breakage will occur. 

Although the drop feed mechanism is widely used it is not 

without its difficulties. Feeding of the fabric is prcxiuced purely by 

friction on the under surface, whereas there is pressure on the top 

surface which leads to friction between the presser foot and the 

fabric, tending to hold it stationary. This can lead to problems when 
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feeding very slippery materials, heavy materials or nore than one 

layer of material. In multi-layer feeding there is a tendency for the 

top layer to be retarded as it is being fed. Also problems can occur 

if the top and bottan layers have different stretch properties. 

Increasing the presser foot pressure can eliminate many of the 

above mentioned problems, but can cause other problems such as seam 

pucker. Bertoldi and Munden122 made an investigation of the effect 

presser foot pressure has on the degree of pucker produced, they 

concluded pressure foot pressure did not have a significant effect on 

the degree of pucker but seam pucker increased at ext.reme settings of 

feed dog height. Galuszynski 123 on the other hand showed the pressure 

exerted against the throat plate causes the fabric to spread, thus 

the seam is made ona fabric of which dimension has been m::rnentarily 

altered. When the fabric retunls to its original dimension, the type 

of seam pucker known as 'waviness' can occur, see figure 5.3. 

Despite the many problems associated with its use,· the 

drop feed mechanism is in general one of the sinplest and least 

expensive mechanisms. [It is used predaninantly in the standard 

danestic sewing machine] 

2) Differential Feed Mechanism 

'Ibis is a type of drop feed mechanism which consists of two 

feed dogs arranged in tandem, and which can be noved independently. 

'!be two feed dogs work in unison but their strokes can be varied to 

allow for 'positive' or 'negative' differential feed to be obtained. 

When it is set for positive differential feeding the feed dog 
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forward of the needle makes a longer stroke than the feed dog behind 

the needle. '!his has the effect of accumulating material under the 

presser foot thus cancelling out the spreading effect caused by the 

pressure of the presser foot. It can also be used in a decorative 

effect where one ply is to be stitched in an awst pleated 

c:x:mdi tion. When I negative I differential feeding is E'fI'Ployed the feed 

dog forward of the needle is given a shorter noverrent. This tends to 

I stretch' the bottan ply and is used were fullness in the seam is 

required to be eliminated. 

3) CaTp?und Feed Mechanisms 

This type of nechanisrn c:arprises a drop feed nechamsrn with 

a reciprocating needle bar nechanisrn. The two nechanisrns are 

synchronised to work in unison. The needle descends into the fabric 

and into the needle hole of the feed dog. As the feed dog noves 

forward the needle noves forward as well (still engaged in the 

fabric). This assists in feeding and minimises slir:page between the 

top and bottan plies during feeding. '!he relative noverrent during 

feeding always remains oonstant even when stitch length is changed. 

4) Needle Feed Mechanism 

The needle and material nove forward in unison whilst the 

needle is through the fabric. This is achieved by the use of a 

reciprocating needle bar. Using the needle to feed the material tends 

to prevent novemeIlt between plies. Needle feed is cx:mronly used in 

ronjunction with a drop feed mechanism, in which case it is known as 
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a 'cxrrpound feed' . 

5 ) Alternating Feed, Alternating Pressers 

This ronsists of a mechanism which includes a feeding foot and 

a lifting foot, operating in ronjunction with the lower feed 

mechanism. The alternating pressers are arranged such that they press 

down alternately on the fabric. The feeding foot (sanetimes referred 

to as a walking foot or follower foot) travels along a line of feed 

in rontact with the fabric. After the feeding stroke, it lifts clear 

of the fabric and returns to its starting position. This can be 

achieved by either (i) a spring-return feeding foot or (ii) a 

positively driven feeding foot. 

After the fabric has been fed and the feeding foot lifts, 

the lifting foot descends with the needle, holding the fabric firmly 

until the stitch has been formed and the needle exits the fabric. 

In ITOst machines with alternating pressers, the stroke of 

the feeding foot and feed c:k:>g travel are synchronised. Machines which 

allow the stroke of the feeding foot to be increased or decreased 

relative to the feed c:k:>g stroke are termed 'Alternating Pressers, 

with independently adjustable upper and under feed'. 

6) Alternating Pressers with CX!!JX?und feed 

This mechanism CXJtprises a c:mp:>und feed used in ronjunction 

with alternating pressers. Feeding takes place whilst the needle is 

in the fabric and the needle ITDVes together with the feeding foot. 

The lifting fOOt holds the fabric before the next feeding stroke. 

253 



7) Feeding Foot Mechanism ('!bp Feed) 

When the term is used alone it inplies feeding is 

accntplished entirely by means of an uwer (top) feed mechanism which 

is positively driven. In general terms however, 'top feed' is used to 

describe a mechanism in which the presser foot is driven fran a 

separate cam to the underfeed mechanism. This allows it to engage and 

disengage the uwer surface of the fabric as the under-feed mechanism 

engages and disengages the under surface of the fabric, the two feeds 

working simultaneously. This type of feed is used on oammercial 

overedge and lockstitch machines where unstable fabrics are being 

stitched and it is inportant that seams nnlst finish even. The 

relative strokes of the top and bottan feeds can be adjusted so that 

gathering or stretching can be applied to either the top or bottom 

layer (where fullness is required or where it needs to be 

eliminated), in this case it would be described as an 'independent 

upper (top) and under (bottan) feed'. 

8) universal upper Feed 

'!his is a mechanism which allows the direction of llDvement 

of the uwer feed to be altered, so that it can be fed in any 

direction. This type of mechanism is c:x:rmonl y found in the footwear 

and embroidery industries. 

9) Walking Foot Mechanism 

nus is a driven two-part presser foot, each part of which 

has its own independently operated presser bar. Each part feeds the 
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material in turn, the parts lift alternately but always ensuring that 

at least one part is in oontact with the material being fed. This 

gives the inpression of walking. '!be ~s of the foot are not 

independently adjustable as their ITDvements are synchronised. 

10) Reciprocating Feed Mechanism 

The feed dog ITDves forward and backward in the horizontal 

plane without rising and falling. In sane machines, with this type of 

feed, the throat plate lifts the material above the grip of the feed 

dog teeth during the return llDVement and drops again to perot the 

material to feed during the forward ITDvement of the feed dog. Other 

types of machines rely upon the shape of the feed dog teeth to 

provide the oorrect direction of feeding. 

11) parallelogram Feed 

This type of feed was developed by Rockwell-Rirroldi and is 

used on their cx:mrercial overedge machines for the apparel industry. 

One of the problems associated with the 'drop feed I mechanism is that 

the line of the teeth of the feed dog do not remain parallel to the 

fabric being stitched as feeding takes place. '!be parallelogram feed 

was designed to overcane this problem by ensuring that the feeders 

are always parallel to the needle plate during feeding, see figure 5.5. 

12) Continuous Feed Mechanisms 

'!hese mechanisms use rollers, wheels or belts in oonstant 

oontact with the material being fed such that the material ITDves 
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rontinuously during the stitching operation. 'Ibe type of mechanism 

described above are classified as 'intennittent feed' because the 

material moves only part of the time during the stitching operation. 

13) Puller Feed 

'Ibis consists of one or two rollers at least one of which 

is driven. The rollers rotate about the horizontal axis and are 

placed either behind the standard drop feed mechanism to assist in 

feeding the material fran the nachine or are fitted in place of the 

drop feed mechanism. Although classified under continuous feed they 

may be operated inter.mittently. 

14) Wheel Feed 

This type of feed consists of a driven wheel held in constant 

engagement with the material. It can be positioned under or on top of 

the material and may be driven continuously or intermittently. Wheels 

which are not driven are sanetimes used to replace the conventional 

presser foot. Wheel feeds are used frequently in the leather trade 

where it is an advantage to have rninirnurn rontact between feed and 

presser roller to facilitate ease of handling and provide good 

visibility. 

15) CUp Feed 

CUp feed is used on machines in which the needle operates in 

the horizontal plane. Feeding is achieved by two wheels or discs 

rotating aOOut their vertical axes ,one or both of which may be 
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driven, the material passes between the edges of the discs. 

Alternatively feeding can be achieved by a single disc operating 

against a suitable presser surface. '!his type of feed is used where 

it is necessary to see both sides of the plies being stitched. It is 

used extensively in the assanbly of fully fashioned knitwear, in the 

glove trade and also in the fur trade. 

16) Independently Driven Feeding Mechanisms 

Machines which are not fitted with an integral feeding 

mechanism rely on feeding to be rontrolled by sane external means. An 

exanple of such is a 'jig' or 'auto jig' machine. This ronsists of a 

jig or pattern of the seam to be stitched into which the fabric is 

clarrped. The jig is. fitted to a ItDveable carriage which can be driven 

in the 'X' or 'Y' directions independently. On the earliest forms of 

jig machines the operator had the task of ITDving the jig under the 

stitching needle. On later and ncdern machines hOltJeVer the t.?sk is 

carried out autanatically. On microprocessor-based machines the 

ITDtors which ITDve the jig in the t\\O principal directions are 

controlled by the microprocessor. 'Ihl.s ITDvement is synchronised with 

the needle m:>tion to ensure that feeding only occurs whilst the 

needle is out of the fabric. Jig machines have only a limited area 

over which they can be used and are not suitable for long seams. 

'!be above principle is also used in anbroidery machines and 

other c:iecorati ve effect machines. 'lbe pattern to be embroidered can 

be preprogramned onto EprcJ116, stored on tape or disc, in cxrrputer 

mem:>ry or even digitised directly into cx::trpUter InE!IlDry. The 
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microprocessor then rontrols the novement of the notors to reproduce 

the stored image either to an enlarged or reduced size. Again 

embroidery machines only have a l.imited area in which the stitching 

can be awlied. 

Various types of notors can be used to achieve the . X • and 

, Y' notions, the cx::mronest of which are DC servo rotors and stepping 

rotors. DC servo rotors are generally fitted with feedback loops so 

that their relative positions are ronstantly ronitored. Stepping 

rotors are easier to rontrol using a microprocessor, and tend to be 

used in open loop systems. 

Each type of feeding mechanism described has its advantages 

and disadvantages, and there ~ to be no clear ronsensus of 

opinion as to the ideal feeding system for particular applications. A 

survey carried out by Bobbin Magazine, sought to identify which type 

of feed mechanism should be used in different situations124• The 

survey found significant disagreement existed between their 

respondents, and that there was a need for clarification on the 

subject. 

Many clothing manufacturers a~ to be unaware of the 

variety of feeding mechanisms that are available to them. They tend 

to opt for machines inrorporating the standard 'drop feed' feeding 

mechanism, and rely on the experience and skill of the operator to 

overcane many of the problems associated with its use in fabric 

feeding. 
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F~gure 5.2 Four Mot~on Feed 

presser foot needLe 

throat pLate 

feed dog 

FLgure 5.3 'WavLness' Caused b~ 
Excess~ve Presser Fooe Pressure 
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Figure 5.4 Rimoldi Parallelogram Feed 
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5.3 '!he need for research in sewing machine develcpnent 

It is almost certain that the clothing industry will, at 

least in the foreseeable future, continue to demand conventional 

dedicated sewing machines. 'Ibis will in turn oontinue to cause 

machine manufacturers to vie with each other to produce faster and 

faster machines. 

High speed in a sewing machine is not always desirable. 

Studies have shown that the time the sewing machine is actually sewing 

(needle time) anounts to approximately 15% of the total time spent 

sewing a gannent125 . The major part of the total time is spent handling 

the gannent (handling time). Sirrply increasing the speed. with which 

stitches are formed therefore has a small inpact on the total time 

required to oamplete a garment. 

Problems can also be encountered with fabric feeding in 

high speed sewing machines inoorporating traditional 'drop feed' 

feeding mechanisms. At very high speeds the feed dog is literally 

flung upwards onto the presser foot. 'Ibis causes the presser foot to 

act against its retaining spring and can, depending on its weight and 

inertia effects, lose oontact with the fabric nonentaril y. 'Ibis 

effect is shown clearly in a study into the variations of pressure 

foot pressure as sewing machine speed. is increased, carried out by 

Sunbrand, a division of Willcox & Gibbs, USA126• In the study the 

pressure exerted on the fabric by the pressure foot was measured 

using an oscilloscope. It was found at low speeds the trace given by 

the oscilloscope followed that shown in figure 5.5. 
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where: 

Stage 1 - Shows the pressure gradually increasing as the feed dog 

begins to rise. 

Stage 2 - While the fabric is being fed there is a fairly oonstant 

pressure exerted between the presser foot and the feed dog. 

Stage 3 - The pressure gradually decreases as the feed dog lowers. 

Stage 4 - Presser foot pressure reduces to the minimum as the feed 

dog loses oontact with the under-side of the fabric. 

As the speed. of the machine is increased the shape of the trace 

alters and clearly shows that the pressure peaks become exaggerated, 

giving an instance where pressure decreases, see figure 5.5. This 

nanentary loss of oontrol of the fabric can cause irregular feeding. 

Increasing the presser foot pressure does not always solve this 

problem and can lead to others such as seam pucker discussed earlier 

in this work. 

With fabric or gannent handling, at present the operator has 

the task of guiding the fabric through the nechine during stitching 

in order to produce an acceptable seam. An operator has to be capable 

of noting small deviations during sewing and be able to resp:>nd to 

them quick! y. '!he resp:>nse tine depends on the ability to rove small 

groups of muscles in order to take oorrecti ve action. A sewing 

machine operating at 6,000 stitches per minute, with a stitch length 

of 2.5 ntn, feeds fabric through the machine at 15 metres per minute. 

The operator usually oontrols the fabric edges between 15 an to 20 an 

ahead of the needle, see plate 5. 7. Any deviation fran the required 

seam line requires the operator to take oorrecti ve action using the 
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guiding hanei. '1hl.s oorrect.ive action hc7.Never only bea:mes effective 

after a short delay 'reaction time'. '!he reaction time includes the 

time taken for a person's brain, nerves, and muscles to respond to a 

certain signal. It has been found that the small group of Irnlscles, as 

found in the fingers take awroxinately 0.2 seconds to react to an 

optical signal. It norma 11 y takes longer [0.3 seconds] to react with 

the feet127 . 

When the operator observes a seam deviation (such as when 

sewing oontours), a oorrect.ive notion has to be made. with a reaction 

time of 0.2 seconds, the machine operating at 6000 spn and a with a 

stitch length of 2.5 ntn, then 50 Jl1ll of seam will have been sewn 

outside the specified seam line. As the operator's hand oontrols the 

fabric at sane clistance fran needle, the same clistance may be sewn 

once again outside the specified seam line. '!his can result in a 

total deviation fran the desired seam line oovering 10 an. Indeed, a 

measure of a sewing machine operator's skill is the accuracy with 

which cxmsistent seams can be produced at high speed. With trainee 

operators, the machine speed has to be limited to avoid the machine 

I racing away' . 

Fran the a1:::xJve cliscussion it can be seen that the task of 

aligning and guiding the fabric through a high speed machine presents 

prd:>lEI'IB, becx:ming greater as speed increases. '!he operator therefore 

requires sane assistance in order to maintain accurate and oonsistent 

seams during stitching. Various aids are available to the operator 

which mainly fall into the catecpry of fixed guides. Plate 5.7 shows 

an exarrple of such a guide which can be attached to standard 
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conventional sewing machines. It is designed to make assertbly seaming 

ITDre accurate and productive, by keeping seans perfectly aligned, 

freeing the operator fran the task of having to stop and realign seam 

edges. Fixed edge guides can also be found on the new generation of 

contour and long seamers. '!be main drawbacks in using fixed guides 

are that: 

(i) they require adjustment for various types of fabric; 

(ii) they require physical repositioning to change the seam 

width; and 

(iii) they tend to be fairly expensive. 

Arising fran the problems identified with fabric feeding during 

high speed sewing, the following sections investigates the 

cievelopnent of a new method for auta"latically guiding and aligning 

the edge of the fabric during seaming. It was also felt necessary to 

investigate the feeding mechanism a::mronly found on oonventional 

machines with the aim of developing an efficient and effective 

mechanism for mul ti -ply feeding. 
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Plate 5 . 7 Fabric Bei n g Controlled b , Op rator 

Plate 5 . 8 ' Zyppy ' Automatic Seaming System 

( so urce : PROFEEI. S .l- . I . ) 



5.4 Research, design ard manufacture of a 't,qrfeed' feeding 

mec:Dmism for an imustrial sewing madtine 

As outlined in section 5.2 the t drop feed t feeding mechanism is 

by far the IlDst cx:mronl y and widely used feeding mechanism found in 

both industrial and danestic sewing machines. Despite the technical 

problems associated with this system, it has been found to be 

sufficient for IlDst seaming applications. The system is relatively 

simple in operation and is one of the least expensive feeding systems 

in use. 

ArlDngst the technical problems associated with the t drop-feed t 

feeding mechanism, previously discussed, are:-

(i) Ply Slippage 

Feeding of the fabric is achieved purely by friction on the 

under-surface of the fabric. There is a static pressure applied to 

the top surface of the fabric by the presser foot. '!his can cause ply 

sliwage in the multi-ply feeding of sate fabrics. Although the rate 

of shifting may be small, the accumulated shift may result in 

significant ply sliwage in longer seams. 

(ii) Seam pucker and fabric stretch 

In an atterrpt to overcx:me the above problem, the pressure 

exerted by the presser foot is very often increased. This can lead to 

other problems such as seam pucker and. stretching of the fabric under 

the presser foot. 
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In order to overa:rne these technical problems other types of 

feeding mechanisms have been developed, the details of which have 

been presented earlier. These devices, in general tend to 

significantly increase the price of the standard unit and are 

favoured mostly for specialist applications. 

This section concerns the developnent of a 'top feed' 

mechanism, which has been developed to operate in conjunction with a 

standard 'drop feed' feeding mechanism. The mechanism has been 

designed to be 'retro-fitted' to an industrial machine, without the 

need for any additional prime movers for the 'top feed'. 

5.4.1 ReseBrdl arxl desic:Jl criteria 

Although advances in materials teclmology, lubrication and 

rotor systems have led to ever increasing capabilities of machine 

speed, the basic principle c;pverning the way in which the fabric is 

fed by the four-motion feed has not changed significantly, since its 

invention, by Wilson in the mid 1800' s. 

Figure 5.9 shows a diagram of a conventional lock stitch sewing 

machine, 'four motion' feed dog. The movement of the feed dog is 

divided into four motions: 

1) The feed dog rises to a position just above the surface of the 

throat plate, where the teeth of the dog enters the fabric. 

2) The feed dog moves in a lateral direction, maintaining its height 

and feeding the fabric. 

3) The feed dog lO'<.llers, losing contact with the fabric, hence 

268 



feeding stops. 

4) '!he feed 00g returns to its starting position. 

The CXIlplete feeding cycle described above takes place as each 

stitch is fonned. The ItDvanent of the feed 00g however, has to be 

synchronised with the ItDvanent of the needle. Fabric can only be fed 

whilst the needle is out of the fabric, otherwise needle 

damage/breakage can occur. For a sewing machine operating at 6000 

stitches per minute the feeding cycle will take place in 0.01 

seconds. 

In order to maintain accurate synchronisation between feed dog 

and needle, the motion drive for the feed 00g is usually taken from 

the main shaft of the sewing machine driving the needle bar. '!he 

rotarY ItDtion of the main shaft is oonverted to the linear/rotary 

Jrotions necessary for the feed c:bg, through the use of cams, cam 

followers, and linkages. '!he arrangement of these differ from 

manufacturer to manufacturer, although the principles of obtaining 

feed dog ItDtion remain oonstant. 

The following describes the developnent of a novel I top feed I 

mechanism ~lied. to an industrial Singer m:x:lel 95K sewing machine. 

Although the machine no longer awears in its present form, the 

principles used. for obtaining feed dog ItDtion are still widely used. 
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5.4.2 Analysis of the feed nechanism 

A schematic diagram of the Singer m:x:lel 95K sewing machine is 

shown in figure 5.10. '!he figure shows the ann and head of the sewing 

machine, rontaining the main shaft and linkages for driving the 

needle bar. It also shows the two shafts beneath the base of the 

machine used for providing notion to the feed dog [referred to as 

'feed shafts']. 

'!he forward and back feed shafts, driven fran the top shaft by 

means of a cam follower and linkages, provide notion to the feed dog 

as shown in figure 5.11. By adjusting the linkages, the oscillation 

of the back feed shaft is altered, thus altering the feeding stroke 

( stitch length). 

Graph 5.12 shows the dynamic analysis of the feed dog notions 

in relation to the needle notion. Fabric feeding occurs between 00 

(needle at 'I'JX:) and 1350 (needle at point of entering fabric). During 

this period the feed dog has reached and maintains its maximum 

height, whilst being displaced the length of its forward stroke. When 

the needle enters the fabric, the feed dog has reached its maximum 

stroke and begins to descend. '!he fabric being securely held to the 

throat plate by the presser foot, allowing stitch fonnation to occur. 

Plate 5.13 shows the latest Singer lockstitch machine [ITDdel 

591], and plate 5.14 the under-side of the machine. It can be seen 

that although many additional cx::rrponents have been included, the 

principle of obtaining feed dog IlDtion using two feed shafts has not 

changed. 
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F~gure 5.11 S~nger 95K Feed Dog Mot~on 
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Plate 5 . 13 S in ge r 59 1 Indu s Lri a l Locks Ljt c h Mac hin e 
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5.4.3 Design, manufacture and inplE!lBltation of the tcp-feed 

medJanism 

Design of the top feed mechanism 

Analysis of the feeding mechanism shows that the notion of the 

feed dog is g>verned by the oscillation of the two feed shafts, see 

figure 5.11. Any mechanism designed to effect top feeding must be 

synchronised with the action of the under-feed dog, otherwise 

differential ply feeding will occur. 

Various methods of top feed mechanism where investigated which 

included: 

(i) a top puller device positioned to one side of the needle, 

(ii) a top feed foot operated by a separate cam attached to 

the main shaft, and 

(iii) a top feed foot driven fran the existing feed shafts. 

It was decided that alternative (iii) a top feed foot driven 

fran the existing feed shaft would be pursued. '!his providing a low

CX)st solution to the· problem of top feeding. 

The two main feed shafts situated under the base of the sewing 

machine provide notion to the feed dog by way of oscillatory notion. 

The design of the top feed is based on obtaining the feed and lift of 

the top feed foot notion, by translating the oscillations of the feed 

shafts into the necessary notions. 

Figure 5.15 shows how the lateral rrotion for the top feed foot 
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is obtained by ronnecting a linkage to the back feed shaft and 

translating the ITDtions through an auxiliary shaft ITDunted on the 

back of the arm of sewing machine, down to an angled linkage driving 

the top feed foot. 

In the prqx:>sed arrangement, the top feed foot replaces the 

standard presser foot and is attached to the presser bar. Figure 5. 16 

shows how the lift for the feeding foot is obtained. The driving 

linkage is secured to the forward feed shaft and is ronnected to an 

angled linkage, free to rotate about the back feed shaft. A hollow 

shaft rotates about the auxiliary axis and drives the lifting 

linkage. 

By accurately designing the linkages and detennining their 

relative positions on each shaft, it is possible to accurately 

reproduce the notion of the under feed dog, in a mirrored version 

acting above the fabric. The ITDst inportant ITDtion is the lateral 

novenent which must accurately follow and be of the same stroke as 

the under feed dog, otherwise differential ply feeding will occur. The 

lift of the top feed foot detennines the thickness of fabric that can 

be fed through the sewing head. 

Figure 5. 17 shows how the proposed linkages are cx:rnbined to 

provide lateral and lifting ITDtion of the top feed foot. 
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Manufacture and irrplementation of the top feed mechanism 

In order to inrorporate the proposed top feed mechanism into 

the sewing machine it was necessary to can:y out the follCMing 

roodifications to the existing machine: 

(i) Faces on the back of the ann to rount the auxiliary shaft 

were machined. 

(ii) Portions of the feed .shafts to carrY the driving linkages 

'Nere machined. 

(iii) A face on the back of the machine head was machined for 

supporting the angled linkage for driving the top feed foot. 

(iv) A hole in the base of the machine was machined to allow 

access for the linkage ronnecting rods. 

'!he alx>ve works were carried out without any major dismantling 

of the sewing machine being necessary. Plate 5.18 shCMs the under

side of the roodified sewing machine, sllowing how the linkages are 

attached to the feed shafts. It also shows the access hole machined 

into the base for the ronnecting rods. Plate 5.19 shows the auxiliary 

shaft nounted on the ann of the machine. 

Stitch formation will not take place unless the fabric is 

prevented fran lTDVing up with the needle as it rises fran its lowest 

point. '!he renoval of the standard presser foot necessitated the 

provision of sane other fonn of fabric retention device. This was 

achieved by attaching a spring loaded lever to the stationary 

section of the top feed foot, see plate 5.20. 
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Figure 5.16 Linkages for Providing Lift of the Top Feed Foot 
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5.5 Researdl, design mxi manufacture of an edge positiarlng 

device for an imustrial sewing DBdLi.ne 

The use of oonventional sewing machines involves a skilled 

operator whose task it is to guide the fabric through the machine 

whilst stitches are being fonned. By oonstantly manipulating the 

fabric and adjusting it acoordingly, a seam is produced parallel to 

the edge of the fabric [in many operations], and at a oonstant 

distance fran the edge. 

Guiding the fabric through the machine to maintain oonstant 

seam widths, requires oonsiderable skill on the part of the operator. 

It has already been shown that the ability of the operator to oontrol 

the fabric diminishes as the sewing machine speed increases. '!bis can 

lead to oonsiderable portions of the seam being stitched outside the 

desired line of stitching. 

'Ibis problem has been recognised by the industry for many 

years. Manufacturers have responded to this by making guiding aids 

available in the fonn of oontour guides, folders, and another 

attadnnents to the basic sewing machine unit. '!be following presents 

an outline of the type of attadnnent available128 

(i) Guide attachments: visual focus, tactile focus 

These are guiding elements attached to either the machine head 

face, the machine bed, or the presser foot bar. '!bese attadnnents 

present an edge or spot to the operator, who use it as a focusing 

point. '!he operator carries out the positioning when a guide is used. 
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'!be attachment guiding point (or edge) may be physically ITOVed closer 

to, or farther away fran the point of stitching. '!be operator guides 

the fabric using visual sensing, tactile sensing or both. The 

s.iJrplest fonn of guide is a 'T' guide or vertical extension fran the 

presser foot surface to the throat plate, which the operator uses as 

a focal point. In order to align the fabric properly, it must touch 

the 'T' guide along its edge. 

The present generation of long seaming, or oontour seaming 

machines use a fixed guide arrangement. Instead of the operator 

guiding the fabric edge along the guide, the fabric is 'floated' on a 

cushion of air and directed towards the guide to achieve edge 

oontact. 

(ii) Positioning attachments 

'!hese attachments cause the fabric (or trimning) to bend, fold 

or shift during the sewing operation. Fell seam and felling 

attachments have curved links which fold the fabric, referred to as 

'fellers'. '!he feller folds the fabric either to the left or right as 

the fabric feeds into the machine. '!bey are usually manufactured with 

respect to fabric thickness. 

Hemning attachments for blind-stitch hens, have guide blocks 

which prohibit the under fold (stitched fold) fran reaching the 

machine knife which trims the edge of the hem before the edge is 

overedged and stitched to the fold beneath. '!hese tend to have 

miCIaneter oontrols (thtlI'li:> screw locked by a stud screw) which pennit 

the variation"of block position relative to the machine knife. 
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other types of p:>sitioning attachment include; gathering and 

shirring attachments; tucking attachments; and automatic p:>sitioners 

used with stop-notion sewing machines. Autarnatic p:>sitioners are 

attachments which have a tripper rrechanism to stop the sewing and 

p:>sitioning action after a given length of sewing. 

(iii) Preparation and finishing attachments 

Same preparation attachments process the fabric after it has 

been seamed. In this situation the succeeding operation is harnessed 

to the end of the seaming operation. An exanple of this is a strap or 

belt operation which has a pressing device attached to the machine 

head. 'nle attachments have feed devices which feed the belting or 

striwing in and out of the press. 

Fabric cutting devices can also be attached to the machine 

which can cut the seamed belting, strap, or stripping into desired 

lengths. Thread cutting attachments are also available which can be 

either automatic, or hand or foot operated. 

(iv) Gauges and tatplates 

These are sewing machine accessories used by the operator as 

sewing guides to inprove the quality or quantity of production. The 

function of a gauge or tenplate is the same as a machine (guide) 

attachment. '!he gauge or terrplate is never attached to the machine, 

it is either noved by an independent mechanism as with autarnatic jig 

machines, or roved by the operator. 

'!he main disadvantages of using guiding and p:>sitioning 
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attachments are:-

(i) Physical adjust:nent or replacement: of the attachment is 

necessary for different types of fabric. 

(ii) Physical adjust:nent of the attachment is necessary to obtain 

different seam widths I and 

(iii) Accurate guiding relies on the intimate contact between the 

fabric edge and guide being maintained throughout the' seaming 

operation. 

The following sections detail the developnent of a low-cost 

OCITpUter controlled edge detection system for use with an industrial 

sewing machine. 
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'!he design criteria for the developrent of the CXI1puter 

cx:>ntrolled edge positioning device for an industrial sewing machine 

are detailed as follows: 

(i) A low-cost system using available technology. 

(ii) A system capable of autanatically responding to changes in 

fabric edge contour, and adjusting the fabric accordingly such 

that a consistent seam width is maintained. 

(iii) 'It> be eI;lsily fitted to an industrial sewing machine with the 

m.i.nimum noclifications to the machine necessary. 

(i v) 'It> use existing power sources, electricity or c::x::rrpressed air. 

(v) cater for a wide range of fabric types including woven and 

knitted fabric. 

(vi) 'lb be safe in operation. 

(vii) Not contaminate or damage the fabric in any way during 

operation. 
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5.5.2 OVerview of pL' plSed system 

A schematic diagram showing the proposed system is shown in 

figure 5.21. Fabric is fed under the roller of the positioning device 

[by the operator]. An infra-red emitter and detector array is 

positioned just in advance of the needle. As the fabric edge passes 

over the detector array a n\.llTber of detectors will rovered, depending 

on the position of the edge. 

The c::arputer, being interfa,ced to the detectors, calculates the 

position of the fabric edge, relative to the fixed needle position. 

It then checks whether the fabric edge cx:>incides wi~ the pre

programned position. If the edge cbes not ooincide, then a signal is 

sent to the positioning ITOtor to rotate either clockwise or anti

clockwise. The ITOtor oontrols the positioning device, which oonsists 

of a roller in cx:>nstant cx:>ntact with the fabric attached to an ann. 

The otIlpUter oontinues checking the fabric edge position and 

sendi?g signals to the positioning ITOtor, until the oorrect position 

has been attained. Further feeding of the fabric allCMS it to enter 

into the feeding mechanism, whereupon it is autanatically fed through 

the machine. As the fabric is being fed, the CXl'Iputer oontinues 

checking the position of the edge relative to the needle and issues 

any oorrecti ve signals necessary to the positioning ITOtor. 

A block diagram showing the circuit for the proposed system is 

shown in figure 5.22. A description of the main carponents follCMS: 
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1 carputer 

The CDTputer used for developnent of the prototype system was 

the ReS Eleven Q single lx>ard c:x:r!pUter/controller. '!his is a low cost 

system intended for applications such as controllers, distribution 

systems, energy management, data logging etc. 

The Eleven Q has a 20 character alphanumeric display, up to 44 

I/O lines (including a 6522 VIA and both positive and negative edged 

interrupts), an RS232 port with hand shakes, 4K .bytes battery back up 

RAM and up to 8K bytes of user/IlDnitor firnware (2 x 2532 Eprans). 

The Resident l-bnitor program provides utilities to support the 

sys~em 1/0, display, RS232 port and optional keyboard. It also has 

debug facilities. The ReS Eleven Q system block diagram is shown in 

AWendix H. 

The CDTputer is interfaced to the phototransistor array 

by a tri-state buffer. 

2 Infra-red emitters and phototransistor arrays 

The ID261 series, GaAs infra-red emitting diodes utilised, emit 

radiation at a wavelength in the near infra-red range. They are 

designed for use with the BPX 81 series phototransistors with a 

spacing between each of approximately 10 Iml. Both emitters and 

phototransistors are low-cost devices available in miniature size as 

an array. A six unit array was chosen for developnent into a system 

for enabling four seam widths to be provided. Details of the LD261 

series infra-red emitters and BPX81 series phototransistors can be 

found in ~ H. 
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The arrangement of emitters and phototransistor arrays are 

shown below: 

EMITTER ARR AY 
u U U GI 
'i I 

15 mm 

PHO TOTRANSISTOR ARRAY 

The narrow acceptance angle of the phototransistors 

prevents optical 'cross-modulation' fram the adjacent system. 

The pitcn between emitter/phototransistors are according to 

the standard lead spacing of 2.54 rrm. 

The ani tters and phototransistors are cormecteci in 

circuit as shown over. 
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3 steg?ing rotor 

An Evershed 24 Volt stewing rotor was chosen for this 

application which had the following specifications: 

M:xiel - FDS 4/A 51 Coil voltage - 5.3 V 

Coil resistance - 4.5~ Iph = 5.3 = 1.18 A 

4.5 

The rotor drive circuit developed is shown in figure 

5.23. The following formulae is used for calculating the 

resistances R1 and R2 required for the drive circuit. 

R2 = R 

R1 = R/2 

R = 24 - vm 

2Iph 

where, vm = rotor roil voltage = 5.3 V 

and, Iph = current/phase with 2 roils energised 

= l.l8A 

R = 24 - 5. 3 = 7. 9 a 
2 x 1.18 

R2 = 7.9 a 
R1 = 7.9 = 3.97 n. 

2 

wattage = (24 - 5.3) x l.18A = 22W 

nearest standard sizes 

R2 - 100. / 50 W 

Rl - 4.7!l/50W. 

The power hexfet [IRF5l0] is chosen to suit Iph. 
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4 Positioning device 

The positioning device consists essentially of an arm driven 

through a rack and pinion by the steppiI1g notor. At the end of the 

ann is attached a roller by rreans of a spring actuated lever. 'nle 

detailed arrangemmt is shown in figure 5.24. 

The axis of the roller lies parallel to the sewing machine 

axis. The roller oontacts the fabric along its cylindrical side and 

allows the fabric to be fed nonnal to its axis without hinctrartce. 

However, clue to the friction between the fabric and roller surface 

being greater than that of the fabric and \«)rk surface, lateral 

rrovement of the roller causes the fabric to be shifted. along with the 

roller. 

This principle is used to control the fabric as it is being fed 

into the machine. The device is oonnected in an open loop circuit. 

ProViding there is no excessive slippage between the fabric and 

roller, the device will act to oontrol the position of the fabric 

edge in accordance with the signals issued to the positioning rotor 

fran the single 00ard cx:.rtpUter. 
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F~gure 5.22 BLock D~agram of proposed System C~rcuLt 
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5.5.3 Software CXlllSiderations 

Based on the hardware configurations described in the previous 

section a c:orrputer progranme was developed, which according to the 

reading obtained fran the sensor array, transmits signals to the 

stepping rotor to rove the positioning ann and roller in contact with 

the fabric. The location of the sensors and positioning rollers 

relative to the needle position are shown below: 

+-needle point 

positioning roller 

~ --B -

10000001 phototransistors 

(sensors) 

Infra-red radiation fran the emitters phototransistors 

(sensors) causes the output signal to be close to zero (low). When 

the phototransistor is covered the output signal changes and is 

pulled up to +5 volts (high). 

'!his change in state is recognised by the corrputer progranme, 

and is used to direct the stepping rotor. If two adjacent sensors are 

used for controlling rotor direction then the rotor tends to 'hunt', 

constantly changing direction. Due to this it was decided that one 

sensor would be used to detennine the desired edge location. The 

sensors on either side would signal the rotor to rove either 

clockwise or anti-clockwise. 
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needle pOint~ 

move fabric in 
direction B 

I 
I 

move fabric in 4 direction A 

$~-Jt 
1 12 3 4 5 6 

. ACW ~ CW I--- des~r~d edge ' . \ I posltlon : 

n 
A ---~--- B 

I ' "I 
J~ 

positioning Ii 
..r motor -- ! i 

'-1 '1 I ! I'! 
I ! 1 , 

1 ! 

~ I I . . ! , 

In the above example sensor number 2 is used to indicate the 

desired fabric edge position. If sensor 1 is covered then the 

CXJIT'Puter sends a signal to rotate the rrotor anti-clockwise rroving the 

fabric in direction B until sensor 2 becomes covered. If the fabric 

edge covers any sensor from 3 to 6, then a signal is sent to the 

rrotor to rotate clockwise, roving the fabric in direction A. Hence as 

the fabric is being fed through the nechine the phototransistors will 

change their state as the edge position of the fabric changes 

relative to the needle position. 

Software control of the system allows the position of the 

desired fabric edge to be altered by sinply changing the codes which 

direct the rrotor either clockwise or anti-clockwise. 

with such an arrangerent of sensors it is possible to specify 

four seam widths. '!be physical size of the sensors limits these 
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widths to an approxirrate spacing of 2.5 mn, the width of the first 

seam being 5.0 mn. Six ITlE!rrOry locations ($10BO - $10B5) are used for 

storing the codes for rrotor direction, $11 is used to rotate rrotor 

anti-clockwise, $00 is ignored, and $FF is used to rotate the rrotor 

clockwise. The following shows how the rrotor direction codes are 

stored depending on the seam width required. 

6 r:-O ! I i 

~E4 1 i ~ 5 ! 0 I 
I 

0 1 

01 
o 

3 

2 

1 o 

sensor array 

KEY 

1 

2 

3 

4 

KEY PRESSED 

1 2 3 4 

11 11 11 11 

00 11 11 11 

FF 00 11 11 

FF FF 00 11 

FF FF FF 00 

FF FF FF FF 
~----~y~------~/ 

rrotor direction 

codes 

SEAM WIDl'H 
----------
12.5 mn 

10.0 mn 

7.5 mn 

5.0 mn 

MEM)RY 

I..CX:ATION 

$10BO 

$10Bl 

$10B2 

$10B3 

$10B4 

$10B5 

The sensors, rotor oontrol lines, and tri -state buffer enable 

are oonnected to the Input/OUtput ports of the single board cx:mputer 

as shown over: 
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PORT B 

'b54~2.10 

[I] I I I I I I 

EN 

buffer 

PORT A 

7"5432\0 
I I I I I I I I I 

IlcJ514/3i7. 11 
I ''-_ __. 

I 
y---

sensors 
I !p 10 
~ 

moto r 

The flow chart of the positioning device oontrol progranrne is 

shown in figure 5.25. [A complete programme listing can be found in 

Appendix I] 

The prograrrrne looks for covered sensors in the following 

configuration: 

1 2 3 4 5 6 

[aI?21 I 

~I 
fZ¥/~ I 
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Any other oonfiguration is ignored by the prograrnne. This 

eliminates the possibility of any spurious readings being obtained as 

nay be experienced if one sensor is oovered by a stray object such as 

lint 

1 2 3 4 5 6 

- ignored 

The programne only issues one pulse at a time to the notor in 

the required direction. The sensors are then rechecked to see if 

other pulses are required. The delay in issuing pulses is necessary 

as the rotor will not operate if the maximLun pulse rate is exceeded. 
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FvQure 5.25 FLow Chart For Pos~tvonvng 
Dev~ce ControL Programme 

D ISPLA Y t£SSA~ 
-ENTER SEAM VIDTH (1-1'-

YES 

SET UP ttEtRy 
LOCATIONS S 1080-1085 

INITIALISE 
110 PORTS A , B 

SET ttOTOR 
DIRECTION 

ANTI -cLOa<VISE 
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5.5.4 Manufacture am inplementation of the edge positioning device 

'!he principle of rontrolling the fabric edge by the method 

previously outlined was designed to be awlied to any industrial 

lockstitch sewing machine. '!be machine chosen for developnent was the 

Singer m:x:iel 95K industrial lockstitch machine, subject of the 

earlier research interest. 

In order for the proposed system to operate, the infra-red 

enitter array and phototransistor array must be placed either side of 

the fabric, as close to the needle as possible. It was preferable 

that the phototransistor array does not protrude above the level of 

the base of the machine,. otherwise the fabric l«)uld contact the lens 

of phototransistor. This necessitated the throat plate being 

recessed, to allow access to the phototransistor array. A small face 

was machined on the head of the machine to allC7tl the enitter array to 

be p:>sitioned directly above the phototransistor array, see plate 

5.26. 

'!he positioning mtor, arm and roller \\1eI'e designed as a self 

contained unit, which could be positioned as desired. 'Ibis unit was 

fixed to the sewing machine base as shown in plate 5.27. A frame was 

constructed and attached to the sewing machine to allow the single 

board cx:tlputer to be easily accessed by the operator, see plate 5.28. 

'!he circuit board and power sUWly units were positioned under the 

machine table. 
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5.5.5 Analysis of edge positiarlng device 

The response time of the system can be found by totalling the 

n\JlTi:)er of curputer processor (machine) cycles required to carry out 

each operation in order to transmit a signal to the steWing notor to 

rotate either clockwise or anti -clockwise. Reference to the prograrnne 

listing for the sensor and notor control routine in Appendix I, shows 

that: 

Stepping notor one step clockwise 

Number of machine cycles = 110 

clock frequency = 1 MHz 

response time = 0.11 x 10-3 seconds (0.11 mS) 

Stepping motor one step anti-clockwise 

Number of machine cycles = 115 

clock frequency = 1 MHz 

response time = 0.115 x 10-3 seconds (0.115 mS) 

Analysis of the feeding cycle in section 5.4.2 shows that the 

fabric is only fed forward when the teeth of the feed dog protrude 

above the surface of the throat plate. rus occurs over approxinatel y 

one quarter of the cx:rrplete cycle, finishing just prior to the point 

at which the needle enters the fabric. The developed top feed foot 

mirrors the action of the under feed 00g, hence as the under feed dog 

teeth lose cx:>ntact with the under-side of the fabric, the top feed 

foot teeth lose contact. with the ~r surface of the fabric. 
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At this point, the fabric is oontrolled by the spring actuated 

'hold down' lever attached to the stationary section of the feeding 

foot. 

presser b a r ' 

n eedle 

/ t op fee d foot 

hold d own lever 

As fabric is fed into the machine any change in edge oontour is 

aCCCJJT'PaTlied by a system response, as the I:ositioning roller .seeks to 

correct the position of the fabric edge. If the roller attenpts to 

oorrect the fabric when the" under feed dog and top feed foot are in 

contact with the fabric then either (i) the fabric will buckle 

nanentarily, or (ii) the friction between the roller surface and the 

fabric will be over~ and the roller will slip on the fabric. 

The type of fabric being controlled will detennine whether 

oondition (i) or (ii) will occur. Lighter, rrore flexible fabric with 

a high coefficient of surface friction will tend to buckle with 

lateral roller rroverrent. Whilst heavier, rrore rigid fabric with a low 

coefficient of friction will cause roller slippage to occur. 
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fabric held by 
~//':: under feed dO~ and ~ /..4 ! top feed foot ~ 

.... 

fB
I ._, 

I I 
- I 

I : 

- ' ... 

(i) fabric buckle (ii) roller slippage 

When the fabric is released by the under feed dog and top feed 

foot, the fabric is controlled by the hold down lever. '!he lever 

contacts the top surface of the fabric over a small area _ If the 

fabric edge p::>sition is corrected during this instance, then the 

fabric will tend to pivot about the contact p::>int of the hold down 

lever 

contact area of 'W 
hold down lever I n _ 

-~..-J I 

fa
··, 

I I 
. I . I 

I I 

I I 

\ 
\ 

\ 

(iii) fabric pivots about point of contact 

of hold down lever 
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There also exists an instance in the stitch cycle when the 

needle enters and remains in the fabric. In this case, lateral 

rrovement of the roller will cause the fabric to pivot alx>ut the 

needle. 
\ 

GtH° --0_-
• • 

) . ~ 

needle in fabric 

-
n- t - ! 

! I 
, r L: I 

I I . 

(iv) fabric pivots about needle 

Situation (i) or (ii) will occur approximately 25% of the 

stitch cycle if continual fabric positioning is occurring. However as 

soon as the under feed dog and top feed foot lose contact with the 

fabric this condition will be eliminated. Situations (i) and (ii) can 

be eliminated by only correcting fabric position whilst the feed dog 

and foot are not in contact with the fabric. This requires rronitoring 

the rotation of the sewing machine shaft and only transmitting rrotor 

control during ° certain rotation angles. For the purpose of this study 

this approach was not inplarented, as satisfactory positioning 

conditions (iii) or (iv) should occur for 75% of the stitch cycle. 
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5.6 ExperinEntal. details 

'!he aims of the experimentation in this section were to:-

(i) Fully analyse the seam prcxiuced by the prototype machine, 

(ii) Analyse seams prcxiuced by 'experienced' and 

, inexperienced' operators, and 

(iii) Make a CXl'T{Xll"ison of seams prcxiuced by the prototype 

machine, experienced operators and inexperienced 

operators. 

, Experienced I operators were classified as those who have had a 

nllJTber of years experience in the clothing industry as skilled 

machinists, and were familiar with industrial lockstitch sewing 

machines. I Inexperienced I operators were classified as those who had 

had no (or very little) industrial experience in clothing naking-up, 

and had little experience in the use of industrial lockstitch sewing 

machines, apart fran instruction as to their use. 

All experiments were carried out at leicester Polytechnic and 

operators were selected fran relevant fOE!'I'bers of staff or students. 

5.6.1 Test equjpnent aM methods 

'l\t.U sanples were used for experimentation, sanple A and semple 

B, see plate 5.29. Semples were made fran medium weight calia:> fabric 

[ 186 . 6 g/rrf]. Semple A was designed to assess the perfonnance of 

operators and prototype machines on straight seams, and semple B to 
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assess their perfonrance on contoured seams. The contour of sarrple B 

was designed bearing in mind the capabilities of the prototype 

machine. The I;X>sitioning ann of the ed~ 1X>sitioning device has a 

range of rTovement of 50 rnn, therefore the overall range of contour of 

the semple was designed to be within this [40 rnn]. The radii of the 

contour were determined such that; they were equal in curvature; met 

each other at a tangent at the midpoint of the semple; and span the 

specified contour range. '!his was determined to be a radius ·of 100 rrm. 

100 mm radi u s 

! 
I 

i - L 40 mm 
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Experienced and inexperienced operators carried out the seam 

analysis tests on the same machine, the Singer m:x:iel 591 industrial 

locksti tch machine. Each operator was given the following 

specification: 

TESTPROCEDURE 

MACHINE - SIN:;ER 591 IOO<STITCH 

SEW 4 ~INtXXJS SEAMS CN SAMPLES A and B PROVIDED I AT EACH 

OF THE FUlllMING SEAM WIUI'HS: 

2.5 mm, 5.0 mm, 7.5 mm, 10.0 mm. 

OOE SET (A & B) ro BE SEWN AT A SI..CM MACHINE SPEED, THE ornER 

SET AT A FASTER MACHINE SPEED 

I,I I 
, 'I I 
I I 

" I 

I I 

a - s slow speed 

a - f fast speed 

I I II 

I' \ I 

\ ' \ \ 
\ ' \ \ , , 

, , \ " 
, ' " '\ \ \ 

\, \ ' 

b - s slow speed 

b - f fast speed 

-------------------------------------------------------------
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Operators were not given specific machine speeds at which to 

produce the sanples. It was not the main objective of the study to 

detennine the effect of machine speed on seam width, such a study 

would call for a lager n\.ll'l'ber of operators, which the oonstraints of 

t.ime did not pennit. 

Rather, the main objective was to make an assessnent of the 

operator's ability to oontrol the fabric as it is being fed into the 

machine. At slow speed the operator would have greater oontrol over 

the fabric (depending on their skill at making the machine operate at 

low speed). Each operator was nonitored to make sure the seoond set 

of sanples were produced at a higher machine speed than their first 

set. '!be range of machine speeds enoountered for the operators were: 

Experienced operators 

Slow speed mi.niJmml - 0 maximum - 1500 spn 

Fast speed mi.niJmml - 3000 spn maximum - 5000 spn 

Inexperienced operators 

Slow speed mi.niJmml - 0 maximum - 400 spn 

Fast speed mi.niJmml - 2000 spn maximum - 3000 spn 

[spm - stitches per minute] 

Test sanples were also produced on the prototype 

machine to the same specification as those for experienced 

and inexperienced operators. '!he range of prototype machine 
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speeds being: 

Slaw speed 

Fast speed 

rnin.irourn - 0 

(Sanples A & B). 

rnax:imLnn - 500 sIJTl 

minimum - 1750 sIJTl rnax:imLnn - 2000 sIJTl 

(Sanple A - continuous) 

minimum - 0 rnax:imLnn - 1600 spn 

(Sample B - inter.mittent) 

'nle prototype machine was not operated continuously at maximtnn 

speed for sanple B, as it was found that problems were encx>untered 

with the fabric distorting at high manipulation rates. Portions of 

the contour were machined at maximum speed, whilst machine speed was 

reduced at various intervals. 

Ten sets of sanples were produced for experienced operators, 

inexperienced operators and prototype machine, at slow speed and fast 

speed. 
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5.6.2 Analysis of saoples 

Each sanple was analysed by measuring the seam widths at 

specific locations on the sanple edge/profile, shown in figure 5.30. 

The mean seam width of each semple was then calculated for the seven 

locations, along with the standard deviation of the measurements. 

Seam widths for the prototype sarrples were analysed over 

locations (1) to (6) sarrple A, and (2) to (6) sartt'le B. This was due 

to the arrangement of the positioning roller in the prototype 

machine. The roller is positioned approximately 55 mn in advance of 

the sensors, so once the fabric has passed under the roller control 

is lost. Therefore readings at location (7) would not be ronsistent. 

+-

FABRIC 1 

--""""'fo---t- - - - -

/ 

pOSitioning roller 
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e 
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The cw:vature of semple B, and the arrangement of the 

emitters/detectors prevent accurate placing of the sanple under the 

feeding foot. Readings for location (1) [sanple B] are therefore 

excluded. The diagram below shows the type of error which CX)uld be 

enoountered in placing sarrple B under the feeding foot: 

\ I I __ needle point 
i ~/-'---

O·:d:! , I ! 

i \ I' 

klill , 
\\ ~ 
'\\ ~ desired location for 

\ \ \ 
i \ 

\ "
sample edge ------' ~ 

''-,",-

fabric edge 

possible positions 

A typical set of sarrples prcxiuced by an experienced operator at 

slow speed is shown in plate 5.31, and at fast speed in plate 5.32. A 

typical set of sanples produced by an inexperienced operator at slow 

speed is shown in plate 5.33 (slow speed), and plate 5.34 (fast 

speed). Typical sanples produced on the prototype machine at slow 

speed are shown in plate 5.35, and at fast speed in plate 5.36. 
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F~gure 5.30 Locat~ons for Measur~ng 
Seam W~dths 
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Plate 5 .31 Typical Set of Samples 

Experie nced Op er at or - Slo w Speed 
Plate 5. 32 Typical Set of Samples 

Experienced Operator - Fast Speed 



U' 
N 
-I'" 

Plate 5 . 33 Typical Set of Sam ples 

Inexp e r ience d Operator - Slow Speed 

Pla te 5 . 3 4 Typical Set of Samples 

In experi enced Operator - Fast Speed 



~ 
(J1 

Plate 5 . 35 Typical Set of Samples 

Prototype Machine - Slow Speed 
Plate 5 . 36 Typical Set Qf Samples 

Prototype Machine - Fast Speed 



5.6.3 Results cbta..ined 

The tables of -results obtained can be found in Appendix J. 

Key to graphs 

J 
MAXIMUM VALUE 

I 
w 
l.? MEAN VALUE 
:z: 
<C 
~ -- r -- - - TARGET VALUE 

j 
MINIMUM VA LUE 
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Graph 5.31 Exper~enced Operato~s 
SLow Speed 
SampLes A and 8 

25 

20 

-
~ 15 --
I ....- 4 0 
t---t 

3 3 
~ 10 <: .. 3 
w 
en 

2 - --

2 A 

=8= 5 A - - - B 1 1 

=Er-
A it B 

B A 
0 

327 

4 

B 



Graph 5.38 Exper~enced Operators 
Fast Speed 
SampLes A and B 
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Graph 5.39 Inexper~enced Operators 
SLow Speed 
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Graph 5.40 InexperLenced Operators 
Fast Speed 
SampLes A and B 
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Graph 5.41 Prototupe Mach~ne 
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Graph 5.42 Protot~pe Mach~ne 
Fast Speed 
Samples A and B 
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5.7 CDlclusioos aId further work 

5.7.1 CDlclusioos 

Graph 5.37 shcMs that the experienced operators studied were 

able to produce seams close to the target seam widths [2.5 nrn, 5.0 

mn, 7.5 nrn and 10 nrn], within the range 1. 5 nrn to 4.55 mn for sarrple 

A, and 1.5 mn to 6.86 mn for sarrple B, at slow speed. '!he mean seam 

widths for sarrple B were awroximately 1 rnn over the target widths 

for. each seam. The graph shows a trend for the range to increase with 

an increase in seam width. 

In graph 5.38 it can be seen that as experienced operators 

increase the machine speed, the range of results increases to between 

2.86 nm and 6.22 mn for sarrple A and 2.07 rnn to 7.93 for sarrple B. 

The mean seams correlate closely to those for the slow machine 

speeds. As for the seams produced at slow speed there is a tendency 

for the range to increase as. the seam width increases. 

Graph 5. 39 shows the results obtained for inexperienced 

operators at slow speed. In all cases it can be seen that the mean 

seam widths produced are in excess of the target seam widths, between 

1.5 rnn and 3.2 rnn. As with the results obtained for experienced 

operators there is a tendency for the range to increase with 

increased seam width, the ranges being; 3.08 rnn to 14.00 nrn for 

sanple A; and 4.0 rnn to 15.07 nm for sanple B. 

'!he range of results obtained for inexperienced operators at 

fast speed can be seen in graph 5.40. It shows that the range of 

results is be'bleen 3.43 rnn and 9.61 nm for sarrple A, and 3.57 nm to 
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11.28 nm for sanple B. As with the sanples produced at slow speed in 

all cases the mean seam value is in excess of the target value. 

Graph 5.41 shows the range of results for sanples produced on 

the prototype machine. It can be seen that at slow speed the mean 

semn values oorrelate closely with the target seam values [within 0.5 

nm], and that the range of results is between 0.9 nm and 1.33 rnn, for 

sanple A.· It can be seen that there is no significant trend for the 

range to increase as seam width ~creases. '!he mean results for 

sanple B show the mean values to be awroximately 1.0 rnn less than 

the target values, with a range of 0.9 rnn to 2.7 rnn .. '!he graph show 

there is no evidence to suggest that the range depends on seam width. 

'!he range of results obtained for sanples A and B, produced on 

the prototype machine at fast speed, is shown in graph 5.42. It can 

be seen that the mean seam values for sanple A seams oorrelate 

closely with the target seam values. '!he range of results being 

be'bJeen 1.58 rnn and 2.75. '!he mean values for sanple B seams are 

again less than the target values, and the range of results lying 

lJetlNeen 1. 3 rnn and 3.4 rnn. 

Cbmparison of the results shows the results obtained for 

sanples A and B, produced on the prototype machine, exhibit a smaller 

range than those produced by experienced and inexperienced operators. 

'!he difference be'bJeen the mean values and target values for sarrples 

A (straight seams) produced on the prototype machine are CXl1paI'able 

to those produced by an experienced operator. '!he difference is 

cxmsiderably less than those produced by an inexperienced operator. 

Although the mean values obtained for sanples B on the prototype 
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machine are less than the target value, they are oonsistently so. 

It was found during experimentation that sane of experienced 

operators had no spacial perception of distances and that all tended 

to produce seams in excess of the target values. '!be prototype 

machine on the other hand was able to produce oonsistent seam widths 

at slow and fast speeds. 

Fran the results obtained it can be seen that in principle the 

prototype machine can be used by an operator to produce accurate and 

oonsistent seams. 

5. 7 .2 '!be need for further 1IIIOrk 

Although it has been shown that the principle of oontrolling 

the fabric being fed through an industrial lockstitch sewing machine 

can be achieved using the techniques outlined in this chapter, there 

are a nUIY'ber of areas which need further tNOrk to develop the 

prototype into a CXJ1"I1l9rcial viability. '!bese being:-

(i) Increased contour seaming capabilities. 

(ii) Greater fabric oontrol. 

(iii) Increased sensor resolution. 

(iv) Multi-ply fabric oontrol. 

(i) Increased oontour seaming capabilities 

Results obtained for sanple B, produced on the prototype 

machine, show that the standard deviation (SO) of the seam produced 

is high [1.75 - 2.11 SO (mean) - slow speed, 1.35 - 1.81 SO (mean) -
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fast speed] cx:rrpared with the standard deviation for sarrple A 

produced on the prototype machine [0.45 - 0.62 SD (nean) - slow 

speed, 0.51 - 0.62 SO (nean) - fast speed]. '!he large standard 

deviation exhibited for sanple B suggests the seam width ck>es not 

remain oonstant over its length. 

In order to analyse the nature of the seam deviation, the 

results obtained for sanple B on the prototype machine were analysed 

further. Figure 5.43 shows an analysis of the curved seam profiles at 

slow speed and figure 5.44 the analysis of the curved seam profiles 

at fast speed. Fran the figures it can be seen that the deviation in 

seam width is due to the manner in which the seam lines follows the 

edge. Between locations (2) and (4) [in both cases] the seam exhibits 

a greater degree of curvature than the ooncave edge, resulting in the 

seam lines passing close to the fabric edge. Between locations (4) 

and (6) the seam again exhibits a greater degree of curvature than 

the oonvex edge, this time resulting in seams being farther away fran 

the edge. 

'!he large deviation in seam width can therefore be attributed 

to the fact that the seam passes close to the sarrple edge at (2) and 

further away fran the edge at (6). It can be clearly seen fran the 

figures however, that the four seam lines are closely related in 

profile and maintain a oonsistent distance apart. 

'!he nature of the seam produced on the prototype is ~erned by 

the physical positioning of the sensors relative to the needle. In 

the present arrangement, the sensors are positioned ~rox:iJnately 23 

11m in advance· of the needle. As a CX>Iltoured seam is fed into the 
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machine the edge will pass over the sensors as shown: 

+ 
1 

FABRIC 

A 

\ 

\ 

\ 
\ 

\ 

A roncave portion of the seam passing over the sensors is shown 

above. If the desired edge position is rovering sensor no. 2, then as 

the fabric is fed into the machine the edge will be rorreeted in 

direction A. The degree of curvature of the fabric edge however will 

mean that the line of stitches pass closer to the edge than desired, 

this increasing as roncave curvature increases. This explains why 

analysis of the curved seam profiles shows the seam passes closer to 

the fabric edge on roncave profiles. 
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For oonvex sections of the profile, the reverse is true. 

FABRIC 

---e ..... B 

i 
f 

! 
I 

As the oonvex fabric edge passes over the sensor array, the 

edge will be oontrolled in direction B. The curvature of the seam 

will therefore mean the line of stitches will be farther fran the 

edge than desired. 

The c:x:Jllbined effects of ooncave and oonvex edge profiles can be 

seen in figures 5.43 -and 5.44. In order to eliminate or reduce this, 

it is necessary to position the sensor array closer to the needle. 

This would allow the fabric edge to be rronitored closer to the point 

of stitching. The presser foot/top feed foot and feed dog arrangement 

of lockstitch machines however, prevents positioning of the sensor 

array extremely close to the point of stitching. 

Another method of reducing the problem of curvature would be to 
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introduce a delay into the positioning device, such that, depending 

on the feed rate of the fabric through the machine, edge positioning 

would take place at a t.irre after the edge has passed over the sensor 

array. 

In its present configuration the prototype is limited to curved 

profiles over 100 mm radius. 

(ii) Greater fabric control 

During operation of the prototype machine it became evident 

that a greater control of the fabric being fed through the machine 

was necessary. Sarrples being fed through the machine had the tendency 

to drag on the table surface. This resulting in the fabric being fed 

through at a ' skew', the positioning device therefore has the 

additional function of correcting this 'skew' during fabric feeding. 

fabric resting 
on machine table 

\ ~~uses 's ke w' in 
(is direction 

+ 

pos i t i on i n g ro l l e r 

posit i on i ng de v ice acts in 
this direction t o correct 
for 'ske w' 
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'!he problem of fabric I skew I, especially with large pieces can 

be oorrected by the use of ackti.tional feeding mechanisms situated to 

one side of the stitching head, and also behind the stitching head 

(puller feed) if required. 

Another method of eliminating this I skewing I effect would be to 

I float I the fabric on a cushion of air to eliminate the frictional 

effects of the fabric on the sewing nachine table. By inoorporating 

I directable I air jets into the table it would be possible to direct 

the fabric to have a forward JlDtion. [similar to the principle 

outlined earlier for directing the fabric by c::atpressed air against a 

fixed edge guide]. 

(iii) Increased sensor resolution 

'Ihe present arrangement of emitters and detectors gives 

a theoretical seam width resolution of a~roximately 3.5 nm,. 

due to the physical size of the cx:rrponents. 'Ihe method of 

detecting the fabric edge passing between the infra-red 

emitter and phototransistor, using one sensor to indicate the 

desired edge location, can cause the seam produced to deviate 

as shown over. 
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As the fabric edge is being rronitored., it is p::>ssible for it to 

travel between p::>sitions (1) and (2) (shown above), without any 

corrective action being taken by the p::>sitioning device. This 

distance varying between approxiIrately 3.0 mn and 4.00 mn depending 

on the spacing of the emitter and phototransistor array. In practice 

the results obtained for the deviation in seam width, suggest seam 

deviation can be controlled within the range 0.9 to 2.75 rnn [see 

Appendix J]. 

FUrther studies have been carried out under the supervision of 

the author129, to (a) investigate alternative methods of rronitoring 

and controlling the ITOvanent of the fabric, and (b) reduce the 

resolution of seam width, by using the enitters and phototransistors 

in al ternati ve arranganents. The study has led to the developnent of 

a system of using the emitters and phototransistors to provide a 0.8 

rnn to 1.00 rnn resolution of seam width. 
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(iv) Multi-ply fabric oontrol 

At present the prototype machine can only be used to produce 

specific widths of seam on multi-ply fabric pieces in which the edges 

are of the same profile and positioned oorrectly one on top of the 

other. Such a system would require an operator to align the edges as 

the fabric is fed into the machine. Seam width hc7t.Iever would be 

oonstantly nonitored by the system, with any oorrective actions being 

carried out automatically. 

In order to extend the prototype to fully autanated 

capabilities further research would need to be carried out to 

investigate methods of nonitoring and positioning the individual 

plies of fabric during multi-ply feeding. 'Ibis would also need to 

include an investigation into the nonitoring and oontrol of plies 

with differing edge profiles. 
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F~gure 5.43 AnaLys~s of SampLe B 
Seam Prof~Les 
Prototype Mach~ne - SLow Speed 
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6.15 8.55 10.85 13.35 
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F~Qure 5.44 AnaLysls of SampLe B 
Seam ProflLes 
Prototupe MachLne - Fast Speed 
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Chapter 6 

Automated Handling of Fabrics 
and Other Flexible Materials 



6.1 Autanated ply separation am harxlling of fabrics 

The situation of rising import penetration has led for a number 

of years to the autanation of various operations such as oollar 

stitching, pocket setting etc., in order to elbninate the human tasks 

of guiding and rem:>ving the fabric during the sewing operation. Very 

few of the developnents, however, are able to pick up parts from a 

stack, assemble them, present them to the needle, guide them during 

sewing and dispose of them. 

O\Ter the years labour oontent reductions achieved by automated 

techniques have been sufficient to keep pace with imports. Recently, 

the situation has changed and many domestic markets in the developed 

countries have been put at risk. This has in turn led to carpanies 

seeking al ternati ve ways of reducing the labour oontent other than 

that which can be achieved merely by de-skilling the sewing operation 

through mechanisation. These. semi-autanated machines still require an 

operator, and do very little to break the rrould of one machine/one 

operator which keeps the clothing industry so labour intensive. It is 

felt in sare circles that the labour oontent cost needs to be reduced 

by as much as 50% in order for damestit production to recapture its 

oampetitive position130. 

with a few exceptions anong large specialist machines it is the 

materials handling problem which holds the key to breaking the one 

machine/one operator link and is a problem which has not yet been 

universally solved, although much research attention is being paid to 

this area. 
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'!be clothing industry as a whole has an extremely difficult 

task in trying to reduce or eliminate lab:>ur. One of the main reasons 

is due to the nature of the raw material used in producing finished 

prcxlucts. The properties of textile fabrics cx:I1lbine to make a 

material which defies s.i.rrple replacement of hurn.an hands with 

mechanical devices. Despite the difficulties facing the industry, 

Imlch 'WOrk has recently been carried out in developing 'operatorless' 

sewing stations131,132. Although -the developnent and introduction of 

these new technologies has not been as pronounced as other industries 

Where the characteristics of the raw material are less of a problem. 

The manufacture of large volume production apparel usually 

involves the 'laying up' of the fabric which is normally delivered in 

roll fom up to 100-metres long and of a standard width. During this 

I laying up I process, layers of fabric are placed on top of each other 

to fom a stack. The height of the stack and number of plies it 

ronta,ins depend upon the particular method of cutting emploYed and 

the type of fabric being cut. Stacks can be in the order of 50 plies 

deep. Gannent pieces are then cut fran this 'layed up' stack either 

manually following a 'marker I or autanatically using numerically 

rontrolled cutting equipnent. The latter methcxi having significant 

advantages as it can be directed by caIputer-aided lay planning 

systems. 

In order to be able to cut a number of layers of fabric placed 

on top of each other in the fom of a stack, a high degree of 

rigidity Imlst be maintained. 'lbis is usually achieved by cx>vering the 

entire stack with a non-porous or low air penreable material and 
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awlying a vacuum to the under-side, producing a rigid vacuum-sealed 

stack which can then be cut. 

After cutting it then becx::mes necessary to strip the waste 

material fran the stack leaving the bundles of cut gannent pieces. 

'lhese are transported to the relevant work stations for subsequent 

assembly operations. During assembly each piece of the gannent has to 

be separated fran the bundle so that it can be handled for machining 

or matching with other pieces. 

]).]ring the assembly of a garment the 'handling time' can be as 

high as 80% of the total time to cooplete that gannent. Part of this 

'handling time' is taken up with the manual separation and handling 

of the garment piece to position it for stitching133 . Autcll\:ited ply 

separation has been introduced in certain operations such as pocket 

attaching but has yet to overcx::me many difficulties. One of the main 

difficulties can be attributed to the nature and properties of the 

material being handled. Textiles vary in porosity, have essentially 

no stiffness, have a non-harogeneous structure and are cx:rrpressible. 

These properties combine to make a material whose orientation and 

absolute positioning are difficult to predict. Autcll\:ited ply 

separation is further hindered by the multi-layer cutting operation 

described above. Vacuum sealing of the stack has the effect of 

cx:::Jtpressing the layers together so that the fibres of each layer 

cling together causing an interface bond between plies (severity 

depends on the type of fabric). Simultaneous saw or knife cutting can 

cause the fibres at the edges of the stack to becane entangled and 

fom a mechanical inter-locking bond or strong friction bond, both of 
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which can make it difficult to separate individual layers. This 

problem can, h<:7tJever, be minimised by the use of sharp cutting tools. 

'lheoroplastic yarns may have a tendency to fuse together during 

cutting, this problem must be carefully oonsidered in the choice of 

cutting equipnent. 

The problems of autanated ply separation have been tackled for 

many years, with many ingenuous and sophisticated .devices being 

developed for this purpose. The advent of llDre affordable and 

available CXlTputer technology, and subsequent developnents in 

robotics is now leading to a llDre universal approach to the task in 

hand. 
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6.2 Review and classification of devices for autanatically 

separating plies of fabric fran a cut stack 

'1hi.s section presents an abridged review of devices I both 

historical and state-of-the-art, for separating plies of fabric from 

a cut stack. The full review is presented in the published paper by 

the authorl34, listed in Appendix S. 

1. Pinch tyPe devices 

Pinch type devices are those which are designed such that the 

uppenrost ply of fabric in a stack is picked up by the action of 

mechanically operated pinchers or grippers. The method is non

intrusive and techniques enployed for disturbing the uppernost ply 

and securing it, differ widely. 

The ' Clupicker', shown in figure 6.1, is an exanple of a pinch 

type device. This device uses a picking wheel to displace the top ply 

of fabric into a shoe, which then clanps and secures the top ply. 

Pinch type devices in general are designed so as to pinch the 

fibres of the uppernost ply in a stack, avoiding the seoond ply by 

precision design. Correct setting of these devices is therefore 

critical to maintain a high level of reliability. Fabric fibres may 

beocme disturbed using this method. 

2. Needle type pick-up devices 

Needle type devices, whether single or multiple needle, linear 

or rotary action, are all what can be termed as 'intrusive' methods 
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for picking up a ply (or plies) of fabric. '!hat is, they rely on 

needles (or similar) being inserted in the fabric in order to retain 

it. Needle type devices are 'positive' methods of picking up a ply of 

fabric, since a oontrolled force can be awlied to the fabric. The 

main disadvantage with this method is that it can disturb the fibres 

of the material, and in handling sane fine or delicate fabrics needle 

insertion may be totally unacceptable. 

An early exarrple of a needle type device was that patented by 

Oldroyd in 1971, see figure 6.2. Bijttebier employed the principle of 

pin engagement in the 'Jognatic' pick-up device, see figure 6.3. 

Ri.rroldi have used the principle in their 'Ri.m:>lcti-Robot', see figure 

6.4, and the University of Durham have developed a device based on 

pin engagement, figure 6.5. 

3. Vacutnn pick-up devices 

'!he use of vacutnn devices to pick up articles is already 

widespread in many industries. The inherent porosity of sane textile 

materials however, presents a limitation to the widespread 

~lication of the principle in the textile industry. Many vacuum 

type devices have been developed for use in the textile industry. 

'lhese, in the main, have been used for single ply handling operations 

or for handling fabric with low air penreability. 

A tec1mique designed to overcx:me the problan of porosity in 

textile materials described as the 'wet vacutnn' method was patented 

in 1973, see figure 6.6. 
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4. Adhesive pick-up devices 

The principle of adhesive pick-up of fabric involves the use of 

tarporary adhesion, as may be provided by an adhesive tape, see 

figure 6.7. This method has the advantage of being oonsistentl y able 

to pick up a single ply of fabric and provides positive location of 

the uppermost ply only. [This principle is discussed further in 

sections 6.6 and 6.7J 

5. Air jet devices 

This method of ply separation involves the use of an air jet, 

arranged so as to produce vibrations in the uppeInDst layer of fabric 

in a stack of material. The use of air-jets to disturb the top ply of 

fabric has previously been used with devices which grip or hook the 

disturbed ply or renove it by vacuum. Researchers at the University 

of Hull have developed a sensory gripper (used as a robot end

effector) which errploys the air jet principle, see figure 6.8. 

6. other pick-up devices 

(i) Cclnbination devices 

'lhese devices do not fall into the broad catecpries outlined 

previously, but are cx:mbinations of similar principles. Needles have 

been used with pinch type devices, pinch type devices have been used 

with vacuum, and other such cx:mbinations. An exanple of a cx:mbination 

pick up device is the device patented by Mathias in 1985, which 

incx>rporates a pinch principle with vacuum, see figure 6.9. 
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(ii) 'Velcro' pick-up devices 

'Velcro' is the registered trade nark of the original hook and 

loop fastener. The fastener consists of two nylon tapes, one covered 

in tiny hooks and the other in tiny loops, see figure 6.10. When the 

hooks are pressed into the loops they grip the loops tightly, fanning 

a secure closure which resists lateral tensions. 

The· hooks can be used on their own for picking up fabrics, but 

they rust be able to grip the surface structure.. They are idea 11 y 

suited to the open structure of knitted fabrics, but can cause the 

fabric to 'snag' [loops of yarns being pulled out of the fabric] on 

rem:wal. 

(iii) cryogenic pick-up 

This principle involves the adhesion of the fabric to the 

probes of a cryogenic device naintained at, or below, freezing point. 

SUch a device was patented by Sutz in 1971 and is shown schematically 

in figure 6.11. The principle described involves a thin layer of 

water being applied to the probe tips, which descend and contact the 

fabric ply. The water then freezes on the tip of the probe fanning a 

natrix of ice between the probe tip and the fabric. The fabric is 

then secured to the device. 

(iv) Electrostatic attraction 

Scope exists for the use of electrostatic attraction of fabrics 

to a device, as the phenanenon of 'static cling' is evident in 

everyday use of certain textile materials. 'lb the oonsurner however, 

gannents which are static prone present problems such as clinging of 

~el, and dust attraction etc. 
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Fi g u r e 6.10 'Velcro' (courtesy of Selec tus Ltd) 
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6.2.1 Discussicn of review 

Table 6.21 shows a oamparison of the various types of pick up 

device in tenns of cost, speed of operation, reliability, type of 

fabric, cx:mnercial availability and multi-ply separation. Many of the 

devices described. earlier have been patented but not applied fully in 

the cx:mnercial sense. It is therefore only possible to attain an 

assessment of them fran experimental and descriptive data. 

The oamparison highlights the problems en~untered when 

handling fabrics. One particular device may perfonn to a high 

standard overall, but may then be totally unacceptable for handling a 

certain type of fabric. With devices which take a ITOre universal 

awroach to ply separation and fabric handling, the cost and 

cxrrplexityof the device tends to increase. The exception to this 

rule being adhesive pickup devices. These devices rely mainly on the 

perfonnance of the adhesive in detennining the reliability and cost, 

and type of fabric that can be handled. 

Research in this chapter has concentrated on the use of 

adhesives in the handling of fabrics. The following sections outline; 
.. 
the problems involved in separating and manipulating fabrics; the 

requirements of a device for the autanated handling of fabrics; and 

the influence of the fabric to be handled on the selection of 

suitable teclmiques for autanated handling. This is followed by 

sections detailing research undertaken in the awlication of 

adhesives in the handling of fabrics, and the Subsequent developnent 

of a robotically controlled device for automated ply separation and 

handling. 
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V1 
co 

Device 

Finch 

Needle 

\'acuum 

Adhesive 

Air Jet 

Others 

Combina lion 

Velcro 

Cryogenic 

Electrostatic 

Cost 

Medium 

Medium 

Low 

Low 

High 

Variable (d) 

Low 

Medium/high 

Med i urn /h igh 

Table 6.12 

Speed of 
Operation 

Medium/high 

High 

High 

High 

Low 

Variable (d) 

High 

rnediurn/high 

Variable 

.'. 

Relative Comparisons of Pick-up Methods 

Reliabll ity Type of Commercially Multi-ply Comments I 
Fabric Available Separation 

Good (8) MORt Widely Li mit ed a) Dependent on fabric type 

High Nost (b) Widely Yes b) Needles or pins may damage 
fine fabrics 

High (c) Low Widely Limited c) With correct fabric type 
Permeability (not 
Fabrics accurate) 

High Most Widely No }~y leave residue on 
fabric 

High Nost No No Inherent ly slow 

Variable (d) Variable (d) Yes Possibly d) Device dependent 

High Limited (e) No No e) Hooks must be able to 
grip 

I 

High Most No No Refrigeration must be i 

available 
I 

- St·atic No No Electrostatic problems 
I 



6.3 '!be problem to be solved 

unlike rigid mechanical parts, sheet material and the like, all 

textile materials are described as flexible or 'linp'. The degree of 

flexibility or linpness varies markedly fran fabric to fabric, with 

extremes in sheer and linpness exhibited by silk through to extreme 

stiffness as with starched denims. 

The linpness of textile materials is a necessary pre-requisite, 

as it renders these materials desirable as cx>vering for the human 

body. Wearer ccmfort I ease of lTOverrent, and other inportant factors 

are required fran nost gannents, although the degree to which 

garments exhibit these characteristics depend on the particular end

use e. g. underwear I sportswear, outerwear etc. 

As nore of the sewing operations becane autanated the industry 

is faced with the problan of substituting mechanical methods of 

manipulating flexible materials for the dexterity of a human 

operator. The human operator is an invaluable tool in the production 

of garments and despite recent attempts at full or semi-automation 

. the services of the flexible production tool - the human, are very 

difficult to dispense with. While manipulating fabrics an operator 

can OCIl'peIlSClte for the variations associated with the properties and 

adapt acoordingly, even during a cx>ntinuous process. 

Despite recent developrents in robot griwer technology, they 

have not as yet even awroached the capacity of humans in tenns of 

sensory and tactile capabilities. The nore 'intelligent' the gripper 

the nore likely it is that the capital CX)st will rise aC<Drdingly. 
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Many developnents and research projects are underway in respect of 

griR?E!r technology in other industries notably mechanical 

engineering. It is not within the soope of this ~rk to discuss 

these, although it can be stated that Irnlch ~rk still has to be 

carried out in order to increase the current capabilities of robot 

griR?E!rs. 

The problem facing the industry is how best to substitute the 

dexterity and tactile capabilities of the human operator with a 

mechanical device that can cater for a wide range of fabrics, operate 

reliably and above all be cost-effective. The four rrain areas 

associated with flexible fabric handling can be defined as:-

(i) 1st stage - ply separation 

(ii) 2nd stage - ply removal 

(iii) 3rd stage - transportation 

(iv) 4th stage - orientation, registration, and presentation. 

Ideally an autanated handling device should be able to carry 

out all the 4 stages I including disposal of the cx:>rrpleted piece I as 

this is what is presently achieVed by the operator. In practice 

however the stages or problem areas have tended to be tackled 

separately, although sane devices which have been developed oombine 

many of the stages into a single device. 
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6.4 ReqUi.re.ments of an autanated device for handling fabric 

pieces 

In order that devices for autanated handling serve the needs of 

clothing assembly autanation both in the present and in the future, 

they nust meet the follO'Wing requirements: 

(i) Range of fabrics 

(ii) Accuracy 

(iii) Reliability 

(iv) Non-.inpairing or oontaminating 

(v) Cost 

(vi) Speed of operation 

(i) Range of fabrics 

'!he cc:atplete range of fabrics which can be enoountered in the 

clothing industry oould be represented by super-linp sheer fabrics 

such as silk through to stiff heavy fabrics such as starched denim. 

In practice however, it is nore likely that sectors of the industry 

are handling a wide range of a particular material such as knitted 

fabrics, shirting fabrics, denims and the like. As the division of 

sectors increase the range is nore likely to na.rro\rI. Any device(s) 

applied to a particular operation must therefore be able to cater for 

the range of material to be enoountered. If the device is to have 

universal aweal then it nust also be able to cater for the needs of 

different sectors, this greatly enlarges the range of materials that 
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must be catered for. 

(ii) Accuracy 

'!he device must be able to accurately distinguish between one 

ply, nore than one ply or no plies at all. Depending on the fabric 

these differences could be fran a feM tenths of a millimetre to a 

n\m1ber of millirretres. Special placement accuracy can either be 

achieved by the device itself or by ancillary positioning devices. 

Although not as critical as for some industries, placement accuracy 

must be consistently controlled. 

(iii) Reliability 

Simply autcm:lting an operation such as linp fabric handling is 

not enough to ensure that productivity gains and labour cost per unit 

reductions can be achieved if a person is still required to nonitor 

the equipnent. In order to justify its use a handling device must 

approach 100% reliability, otherwise excessive machine down-times 

will erode any benefits accrued. It has been suggested that 

reliability should ideally be upward of 98%135, the device should 

also be incorporated in a system which warns of any breakdown on 

malfunctions. 

(iv) Non-inpairing or contaminating 

r.bst clothing products are judged by the custaner by their 

~ance and feel. Small i.nperfections due to pin holes, abrasions, 

snags etc. can be quite obvious to the consumer and reduce its value 
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in their eyes. Once the gannent has been made-up with inperfections 

it has to be sold off as secx::>nds or 'mark-downs'. Contamination of 

the gannent by the handling device e.g. lubricating oil, adhesives 

etc. nnlSt also be avoided as any additional processing (and hence 

labour cost) to rerrove the contaminant reduces the value added part 

of the gannent to the producer. Pennanent contamination such as 

staining presents the sarre problem as inperfections. 

(v) Cost 

The cost of the handling device is nonnally related to the 

total autanated system cost as c::arp9Ied to the system producti vi ty . 

Its ec:onanic viability is usually determined by the various methods 

of payback teclmiques. It has been stated that a basic device to 

separate plies fran a small stack should be in the price range $50 -

$100 (b25-1:50) 136 . 'Ibis is due to the fact that a number of such 

devices \\1Ould be required for exmplex or large operations. 

(vi) Speed of operation 

The human operator can locate and pick up a single piece of 

fabric fran a stack at a fairly high speed. Any autanated device must 

therefore be able to \\1Ork at a carparable speed and not spend time 

searching and attenpting to locate a single ply. With many devices 

speed of operation is usually increased at the expense of accuracy 

and reliability. 
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The requirements outlined above are viewed as the basic 

requiresrents of an autatated device for handling fabric. Other 

requirements may exist in relation to specific sectors of the 

industIy. Any device for handling fabrics can be assessed by how well 

it meets the above requirements. Devices can also be cx:xrpared in 

teIlTlS of these requirements to enable prospective users to detennine 

the device best suited to fabric handling in a particular situation. 
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6.5 'lbe influence of the fabric to be pr:oa:ssed an the selection of 

suitable t.ec:imiques for harxUing fabrics 

The developnent of devices which are already effective in 

handling fabrics, and the enlarganent of the area of application is 

influenced, in addition to technological and econanic factors by:-

(i) The fabric being handled, and 

(ii) The nechanical properties of the fabric. 

6.5.1 '!he .influence of the fabric being handled 

EXtensive research carried out at the Karl Marx Stadt in East 

Gennany137 has involved an examination of the manufacturing ability 

of . fabrics with respect to autanated handling. The investigation was 

based on an examination of approximately 200 fabrics ranging from 50 

gtrrf up to 480 g/rrf and leather up to 950 9/m2. The physical and 

technical characteristics were also included in the investigation. It 

was concluded that the adhesion power relationship between two fabric 

plies are decisive factors in the selection of suitable separation 

techniques. Fabrics were classified under manufacturing classes to be 

considered for handling:-

Class 1 

The fabrics in this class are relatively impermeable to air and 

have no adhesion power between each other. These fabrics have a thick 

srrooth surface without any free filaments. 
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Class 2 

This class oontains textile fabrics penneable to air, but with 

no adhesion power between plies. In opposition to the fabrics in 

class 1 they have a loose structure with few filaments. 

Class 3 

This class oontains air permeable fabrics with adhesion power 

between the plies. This adhesion power does not however exceed the 

1fJeight per dimension of the fabric being manipulated. These fabrics 

are characterised by having a roughened surface. 

Class 4 

This class oontains air permeable fabrics with significant 

adhesion-power between plies. These fabrics are characterised by a 

roughened surface and filament structure with a large number of 

carpact free ends - typified by corduroy. 

The above classifications 1fJere used by the research team as the 

basis for pre-selecting the basic principles. Basic principles for 

each class being: 

Class 1 - Vacuum (pnetnnatic) pick-up 

Class 2 - Mechanical pinch type devices 

Class 3 - Needle type devices 

Class 4 - Partial pick-up of the fabric structure and 

inference of strain tension. 
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Although the aOOve investigation gives valuable guide lines as 

to the selection of suitable basic principles for separating fabric 

plies, it rust be noted that the teclmi~l (and financial) 

expenditure for the basic principles increased f~ class 1 fabrics 

to class 4 fabrics. It is however possible to handle fabrics of a 

lower class with the basic principles of a higher class. 

One of the basic principles overlooked. in the investigation was 

the use of adhesives. 
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6.5.2 '!be medlanical pIqJert:ies of the fabric 

'!here is increasing evidence that certain mechanical properties 

significantly influence the engineering behaviour of fabrics in 

spreading, cutting, sewing and pressing. with the increased 

introduction of autanated handling of fabrics, and the elimination of 

the availability of skilled operators, there exists a problem which 

m.lSt be addressed, to cx:rrpensate for the great range of the physical 

properties of woven and knitted fabric available138• 

A study made by Kawabata and Niwa in Japan, into the objective 

specification. of fabric quality, mechanical properties and 

performance, has led to the developnent of a system known as the 

Kawabata Evaluation System (KES). Initially, KES was aimed at 

developing a correlation between the subjective evaluation of the 

aesthetics of I hand I and drape of fabrics as measured by a panel of 

experts, and the objective 'Ibtal Hand Value (THV) calculated from the 

mechanical properties of these same fabrics. [' Hand I or I Handle I is 

nonnally judged subjectively and is related to the judges 

physiological perception of the fabric gained by touching and 

handling it]. 

KES was developed by inviting a number of experts, rrostly from 

the wool fabric weaving and finishing industries in Japan to join the 

cxmni.ttee of the Hand Evaluation and Standardisation Carrnittee (HESC) 

organised by Kawabata. '!he experts were asked to agree upon the 

properties they oonsidered as inportant in assessing the I hand' of 

the fabric. '!hese are classified in table 6.13 as I primary hand'. The 

next step was to have each expert judge each of awraxinately 500 
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fabric sanples according to each primary hand. This eventually led to 

the standardisation of each sample according to a value known as 

'hand value' (HV), in eleven grade ratings fran 0 - 10. 

'!he fabric handle concerned with fabric quality was also graded 

by the experts, according to six grades. This was called the ' total 

hand value' (THV). THV assessment was also carried out in 

collaboration with the University of New South Wales, Australia. The 

main purpose of the fabric handl~ standardisation was for technical 

cx:mmmication about fabric handle. 

Research into obtaining objective measurement ~f fabric handle, 

was carried out by Kawabata and Niwa in parallel with the fabric 

standardisation activities outlined above. The principle aim of the 

research was to use· the fabric' sbasic mechanical properties, as 

measured by instnnnentation, to detennine hand values (IN's). The 

procedure for obtaining the 'Ibtal Hand Values (THV) is shown below: 

[

Basic mechanical H H ] properties and some IN's for THV 
of rela~ed fabric primary hands 
propert~es 

,~--.... ------~ - y. 
Translation I Translation II 
~"" ___________ ~y~ ____________ ~J 

measurement calculation 
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Six fabric properties were chosen for measurement to detennine 

the basic fabric properties. '!hese being:- (i) tensile, (ii) shear, 

(iii) bending, (iv) cx:rrpres s ion , (v) surface (frictional and 

geanetrical roughness), and (vi) fabric structure (weight and 

thiclmess). Each property was defined. as oc::rrpletely as possible, 

leading to sixteen parameters used. for characterising fabric 

properties, see table 6.14. 

'!he mechanical data obtained. using the KES-F measurement 

system, is transformed into hand values (HV) using conversion 

equations developed on the basis of experts I handle judgement. The 

equations for transformation I were developed fram the statistical 

analysis of the relationship between the HV's judged by experts and 

the mechanical data of a m.nnber of sarrples. '!he equations for 

translation II were also obtained. by the analyses of the relationship 

bet\\1eeI1 HV I S and THV' s, both of which being evaluated. by the 

experts 139, 140. 

currently the major use of the KES instrurrents is with the 

correlation of the properties of fabrics in their cx:rrpliance and 

confonnation in seam formation and in converting t\tIO dimensional 

fabrics into three dimensional gannents. A typical set of results 

obtained. using the KES is shown in figure 6.15, this is referred. to 

as a I footprint' of the fabric and can be used. to objectively cx:mpare 

different fabrics. Figure 6.16 shows typical criteria used. by a 

Japanese suit factory, for tailoring process control based. on fabric 

tensile and shear properties. 

Much work in categ::>rising the physical characteristics of 
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fabrics and the effects they have on fabric handle had been carried 

before Kawabata developed the system described above. Kawabata 

however rerognised that in this area, progress was very slow and that 

nuch of the lNOrk was scattered in different sources. Since its 

develq:ment KES equipnent has gained ever increasing inportance in 

setting standards by which lNOVen gannent IMIlufacturers select fabrics 

for particular applications. KES is also being used outside Japan by 

clothing IMIlufacturers and academic institutions. 

The suitability of KES for all type of fabric and its 

btplications for the a~el industry have been in question for a 

n\.1lTt)er of years. sane are of the opinion that, KES is too expensive, 

the equipnent is too intricate and there have been differences in the 

subjective assessment of 'handle' upJn which KES is based141. There 

is also ooncern that KES is unsuitable for sane knitted fabrics 142 . 

Besides research being carried out to objectively assess the 

fabric properties inportant in finished fabric, research into the 

tailoring operations which influence gannent appearance and clothing 

canfort have also been undertaken. Dhingra and Postle143 detennined 

that the effect of sewing on fabric bending behaviour depends on the 

nature of the seam, the seam allowance and the seam direction. 

FUrther lNOrk carried out has shown: - (i) structural seam balance 

influences the tensile and bending properties of the seamed fabric 

c:x:rrp:>sites; (ii) A natural curvature results fran fabric overfeed 

during seaming; and (iii) It is possible to calculate the relative 

lengths of overfed fabrics required for a desired natural 

curvaturel44. 
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In their survey of the present status and future potential of 

sane methods suitable for the <pals of yarn and fabric engineering, 

CUriskis et al145 concluded: 

(i) By further developing and ~loiting known methods, it is 

envisaged that current objective measurement programnes for 

fibres, yarns and fabrics can be extended and orientated 

towards the optimisation of fibre selection, processing and 

yarn and fabric design and construction for specified levels of 

mechanical and physical perfonnance. 

(ii) Although Imlch research and developnent work is still to be 

done, the potential of these methods should lead to the 

attainment of the <;pals of yarn and fabric engineering. 
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'DIble 6.13 '!be selected pri.maJ:y hands and their definitions 

Men's winter wear fabric 

Hand Definition 

(Japanese) (English) 

1. KOSHI Stiffness A stiff feeling caning fran bending 
property. Springy properties prarotes 
this feeling. High density fabrics 
made by springy and elastic yarn 
usually possesses this feeling 
strongly. 

2. NUMERI Sm:x:>thness A mixed feeling caning fran snooth, 
limber and soft feeling. The fabric 
1NOven fran cashmere fibre gives 
this feeling strongly. 

3. FUKURAMI Fullness A feeling cx:ming fran bulky, rich 
and well formed fabrics. Springy 
softness properties in oampression and the 

thickness accx:xrpanied with wann 
feeling are closely related with 
this feeling. (FUKURAMI means 
"swelling" ) • 

Men's sumner suit fabric 

1. KOSHI Stiffness Same as KOSHI in men' s winter suit 
fabric. 

2. SHARI Crispness A feeling cx:ming fran a crisp and 
rough surface of fabric. This 
feeling is brought by hard and 
strongly twisted yarn. This feeling 
brings a exx>l feeling. 

3. HARI Anti-drape Anti-drape stiffness, no matter 
stiffness whether the fabric is springy or 

not. ('!his word means "spread"). 

4. FUKURAMI Fullness Same as FUKURAMI in men's winter 
and winter suit fabric. 
softness 
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Table 6.14 '!be sixteen parameters describing fabric lIEdlanical 

prcprti.es 

I Tensile 1 LT Linearity of load-extens~on curve (-) 
2 wr Tensile energy (gf an/an) 
3 RT Tensile resilience (%) 

II Shear 4 G Shear rigidity (gf/an degree) 
5 2HG Hysteresis of shear force at 0.5 

degrees (shear angle) (gf/an) 
6 2HG5 Hysteresis of shear force at 5 

degrees (gf/an) 

III Bending 7 B Bencting rigidity (gf an2/an) 
8 2HB Hysteresis of bending mament 

(gf an/on) 

'N carpression 9 Ie Linearity of c:arpression-thickness 
curve (-) 

10 ~ carpressional energy (gf an/an2) 
11 RC catpressional resilience (%) 

V surface 12 MIU Coefficient of friction (-) 
character- 13 MID Mean deviation of MIU (-) 

istics 14 SMD Geanetrical roughness (micron) 

VI Fabric 15 W Fabric weight per unit area (llg/an2) 
ronstr- 16 T Fabric thickness (Jtm) 
uction 
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Figure 6.15 HESC Data Chart - Mens Winter ' Suit 
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6.6 '!he awlicatian of adhesives in the aut:alBted handl..ing of fabric 

TEIrpOrary adhesion of the fabric to a suitable device is a very 

efficient and easily implemented method of picking up single layers 

of fabric. It has the advantage of being ronsistently able to pick up 

a single piece of fabric at a time and provides positive location of 

the ~rnost layer of a stack only. Other advantages include:-

(i) The ability to bond to a variety of materials, which may be 

dissimilar and of a different thickness. 

(ii) Versatility of adhesive fonne and methods of application 

pennits their adaptation to many production processes. 

(iii) Eoonanic and rapid. 

(iv) unifonn distribution of stresses over the entire bonded area. 

In order to pick up and hold a piece of fabric, a strong 

adhesive to fabric bond is required. However a weak bond is required 

to release the fabric fran the adhesive. The adhesive to fabric bond 

strength is therefore an inportant parameter in the selection and 

design of adhesive pick up devices. Until recently adhesive pick up 

devices have been used on several machines for the handling of small 

parts, labels etc. for presentation to the operator who then rerroves 

it for subsequent assembly. 'lhese devices in the main oonsist of a 

magazine type adhesive roll which has facilities for indexing the 

take-up roll to present an unused adhesive surface, either 

autanatically or manually, after a number of uses. After the tape 
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roll has been fully utilised a new roll is exchanged. This method has 

proved extremely reliable and oost effective and is in ooncept a very 

c;pxi solution to the problem. 

The disadvantages of using a tape dispenser are that although 

the oost of tape may be minimal it may need frequent replacement. 

Multiplying the oost over a number of rolls shows that if a reusable 

adhesive is utilised then a substantial oost saving oould be made 

over a period of time. 
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6.7 Qmuents at adhesive pick-up devices 

'!he review of patents CX)vering adhesive pickup devices and 

cx:mnercial adhesive pickup devices, presented in ~dix K, shows 

that without exception all devices rely on the use of an adhesive 

tape. The arrangement of the tape differs fran device to device, but 

what is cx:mtDn is that means are provided for the tape roll to be 

secured on/in the device. Means are also provided to take-up the used 

portion of the tape. Also sane means by which the tape is indexed is 

also provided. 

Adhesive tape is used because a fresh adhesive surface has to 

be presented once the 'tack' properties have deteriorated. Adhesive 

as suWlied in tape roll foon provide an eronanical means of 

obtaining a fresh adhesive surface. Liquid adhesive and adhesives 

stJR>lied in block foon have also been proposed, but have not found 

ocmmercial applicability. 

Research has been carried out at Clemson university USA146 , 

into establishing sane of the properties inportant in using 

cxmnercial adhesive tapes to pick up plies of fabric. The research 

identified certain trends of adhesive properties, this being 

substantiated by laboratory tests. 

Although adhesive techniques have been used successfully over 

the years, little fundamental research has been carried out in 

detennining the perfonnance characteristics of tercporary fabric to 

adhesive bonding. Many of the techniques used by manufacturers of 

adhesive pickup devices have been developed by trial and error, with 

rough esti.mi:ites as to a particular tape's perfonnance being given. 
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6.8 'lbeoretical amsiderat.ioos in using adhesives in fabric pick-up 

devices 

6.8.1 'lbeory of adhesial 

Definitions147: 

Adhesive - A material which when awlied to surfaces can join them 

together and resist separation. 

Adhesion - Refers to the attraction between substances whereby when 

they are brought into contact it is necessary to do work 

to separate them. 

Adherend - The solid on whose surface the adhesive is applied. 

SUbstrate - Where attraction for a txxiy is exhibited by a surface, or 

when an adhesive or liquid is placed on a surface which 

is not part of a joint bebNeen t\tJO solid materials. 

It is generally accepted that there exists three theories which 

explain adhesion - 'Adsorption', 'Electrostatic' and 'Diffusion'. 

Vasenin148 c:xmrenting on these theories stated "none of the theories 

under consideration can alone explain all the facts of adhesion 

pherlaneIla, and therefore no claim to generality can be made. 

AWlicabilityof each theory is limited to a given field". 

It is not within the scope of this work to expound the theories 

of adhesion as awlied to this study, as wake149 states: 
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"It should be possible to study adhesives as naterials and 
to observe ESlpirically and discuss their interaction with 
the various substrate surfaces to which they are applied 
without any roncern with adhesion. 'lb know hOW' to stick 
things together <:Des not nece~sarily require a knowledge of 

.why they stick" 

This study ronoentrates on the class of adhesives referred to 

as 'pressure sensitive'. 'lhese adhesives have the properties of 

retaining their adhesive 'tack' or instantaneous adhesiveness for 

long periods of t.irre, and bond to surfaces under light pressure. The 

tack should not greatly exceed the internal strength or rohesion of 

the adhesive, otherwise the adhesive will separate from the tape when 

it is pulled away [adhesive transfer]. 

Pressure sensitive adhesive tapes are widely available and 

offered with a wide variety of backing naterialssuch as crepe paper, 

fabric, polyester film, plasticised poly vinyl chloride, and other 

flexible naterials. 'Double-sided' pressure sensitive film is also 

available which features a renovable release paper instead of the 

conventional backing naterial. Pressure sensitive tapes have a wide 

variety of industrial applications ranging fran surgical tapes 

thrOUgh to nasking tapes for autooobile finishing150. 

'!be property of the adhesive known as I tack I is not a 

fundamental physical property, as is elastic modulus or visrosity. It 

can have different meanings in different situations151 . Wetzel152 

shc::MS that adhesive I tack I is a direct function of the rheological 

pIoperties of the nateria! such as visrous flOW', tensile strength or 

oohesion, yield value, modulus of elasticity, rate of elastic 

recovery, and defonnability. Tack can therefore be used as a variable 

381 



which encarpasses the adhesive's properties, so long as it is 

realised that tack is sensitive to tenperature, pressure, rate of 

application and rerroval, and tiIre of contact. In order to corrpare 

adhesive tack, identical testing conditions have to be rna.intained 

otherwise the results obtained will be meaningless. 

6.8.2 Mechanism of adhesive to fabric (fibre) ronding 

Making a bond by means of 'tack' relies on either viscous flow 

or deformability, for adequate wetting and contact. It has been shown 

that the nature of the bond strength developed is undoubtedly due to 

'Van der Waals' forces and to a lesser extent, diffusion and chain 

entanglement . Failure of a bond rrade by ' tack' is cohesive153 . 

The nature of tenp:Jrary fabric bonding differs from that of 

solid surface oonding in that the fabric is rrade up of yarn which has 

been oonstructed from fibres. This results in a surface which has 

rrany loose fibres. Depending. on the type of fabric, bonding to an 

adhesive usually takes place over a large number of fibres. 

f a b r i c 

a dhesive 
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Light oontact of the fibres with the adhesive causes an 

intimate ITDlecular bond and 'wetting' is likely to occur, see figure 

6.17. Heavy oontact of the fibres with the adhesive causes fibre 

encapsulation, as shown in figure 6.18, where the adhesive defonns 

around the fibre. 

Failure of a bond fonned by light oontact will be caused by 

either (i) oohesive failure of the bond, where the fibres/yarns 

separate cleanly fran the adhesive, or (ii) the -fibre being pulled 

fram the fabric surface either oampletely or partially until cohesive 

failure occurs. Adhesive transfer will only occur if the bond 

strength developed by the adhesive and fibres greatly exceed the 

internal strength or cohesion of the adhesive. In the case of heavy 

fabric (fibre) to adhesive contact it is likely that fibres will be 

cx:rrpletely raroved fran the fabric surface, and becXlme embedded in 

the adhesive surface. A certain degree of defonnation in the adhesive 

surface will be evident. 

Examination of the fabric surface after tenp:>rary bonding shows 

the fibres of the fabric are pulled away fran the surface and a 

certain number of fibres becXlme €!'!'bedded in the surface of the 

adhesive. The degree to which this occurs depending on the contact 

force and the type of fabric. 
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i 

Figure 6.17 Light Fabric to Adhesive Bonding 

adhesive 
. .;." ... ,..", ""-. 

J~7~"·· ·~~ "''' -: .. : ¥ 

. - ~. - .. 4-..... . .'-'"' 

fibre 

'wetting' 

(intimate molecular 

bonding) 

, Figure 6.18 Heavy Fabric to Adhesive Bonding 
~ .. . ---------------------------------------------

through fibre 

I : .••• _ 

adhesive 
---.. ,~ .. ~. ,. 

encapsulation 
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6.8.3 DeteDninaticn of fabric to adhesive bolrl strength 

If an adhesive is used for temporary adhesion of the fabric, 

then neglecting the peeling effects of the fabric at the edges of the 

pick up element, the bond strength of the adhesive is directly 

proportional to the force required to separate the fabric from the 

adhesive, either by peeling or perpendicular separation. 

:. lx>nd strength ex.. separation force. 

Now, if a piece of fabric is temporarily adhered to a pick-up 

el~t, and the draping effect on the fabric caused by gravity is 

negligible, then that piece of fabric will rontinue to be held so 

long as the force exerted on the fabric due to gravity (or its 

\fJeight) does not exceed the lx>nd strength. 

The lx>nd strength of the adhesive and fabric is detennined by 

the adhesive properties of tack, thickness of film nOOulus, surface 

tension, density and visrosity. The strength of the lx>nd between the 

adhesive is c;pverned, along with the adhesive properties, by the type 

of fabric that is being adhered. In addition to the above factors, a 

mnnber of other factors influence the adhesive to fabric lx>nd 

strength, these are pressure of rontact, time of rontact, area of 

rontact and mnrber of times the adhesive has been used. 

To surrrnarise, the lx>nd strength (or force required to separate 

fabric fran the pick up element) is influenced by the follOWing 

factors: 
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(a) Adhesive properties including: 

Adhesive tack 

Film thickness 

MJdulus 

Surface tension 

Density 

Visoosity 

(b) Type of fabric being handled including: 

Structure 

Finish 

(c) Q?erating oonditions including: 

Contact force 

Contact time 

Area of oontact 

Ntmlber of times used 

Rate of separation 

6.8.4 D.inensianal analysis of fabric to adhesive barrl 

The solution to any problem in the physical sciences is usually 

expressed in the form of a relationship between a nllItber of 

variables. Nonnally, such a relationship is written as an equation 

which describes how the dependent variable varies with the 

independent variables 154 . 
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There are generally two methods for establishing such 

relationships: -

(i) A mathematical m:xlel of the phenanenon is developed, which 

oonsists of a statement of the physical laws that are 

operating, expressed in the form of equations. Using this 

method, assurcptions alnost always have to be made so that the 

situation can be sinplified to a p::>int at which the resulting 

mathematics can be performed. 'Ihl.s method can, in many 

instances, represent the situation quite accurately. However 

sinplifying assurcptions can sanetimes be too drastic, to the 

extent that the model bears little or no relationship to the 

physical problem. 

(ii) When the mathematical approach cbes not give g:xxi results, or 

when the problem is so cmplex that no m:xlel can be developed 

another method is required. One approach is to oonstruct a 

physical model which is capable of reproducing the phenarenon. 

Measurements of pararreters of interest can then be taken from 

this model and scaling laws (if necessary) can then be used to 

derive values applicable to the real situation. 

The method of dimensions, or dimensional analysis, is ooncerned 

with the fundamental relationship between variables, such as 

velocity, length, acceleration, etc. These quantities although being 

fundamentally different fran one another, possess certain qualities 

in CXJ'(I'IOn. The assurcption is therefore made that all variables can be 
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derived fran quite a small mnnber of certain basic entities. These 

entities are referred to as I dimensions I • 

Dimensional analysis also establishes the fact that it is only 

p::>ssible to equate like things. 'Iherefore, if a mathematical equation 

has been developed, a check can be made on its dimensional accuracy 

by ascertaining that all the tenns in the equation have the same 

dimensions as one another and as the left hand side of the equation. 

This method can trap sane of the errors which can occur in the 

process of developing equations. Equations which are dimensionally 

homogeneous are known as rational, same derived equations are not 

dimensionally hooogeneous. 

BUckingham pi '1heoran 

The theoran states that if a situation can be described by 'n I 

variables and I k I is the mnnber of fundamental dimensions (ie MLT) 

involved, then there will be 'n - k' dimensionless groups. 

In general a situation can be expressed in the for.m:-

where V1 V2, V3 etc. are the variables 

and k is the m.nnber of fundamental dimensions involved M, L 

or T (ie 1, 2 or 3). 

The situation can also be expressed using the 7\"- theoran as:-
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Variables involved in fabric to adhesive booding 

Quantity 

Tack * 
separation force 

Contact force 

Time (of contact) 

Area (of contact) 

Rate of separation 

Dimensionless quantities 

NUmber of separations 

** NUmber of 'cleans' 

Type of fabric 

symbol Dimensions 

Tk ML2T-2 

Fs MLr2 

Fc MLT-2 

t T 

A L2 

V LT-1 

n 

c 

k 

* 'Tack has been classified as a quantity of energy. [see discussion 

of 'tack' in section 6.8.1]. 

** 'Cleaning' refers to the process of removing foreign bodies, or 

substances fran the surface of the adhesive. 

Analysis using Bucltingham pi 'l!leorem 

variables (Tk' Fc ' Fs ' t, A, V, n, nc ' k) 

FUndamental variables (Tk, A, t). 

n=9 k=3 

expect 9 - 3 = 6 groups . 
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7T 1 = Tk
a , Ab , t C

, Fc 

o = (ML2 ~2)a (L2)b (ML~2) 

equating exponents, 

(M) o = a + 1 ~ a = -1 

(L) o = 2a + 2b + 1 ~ b = 1/2 

(T) o = -2a + C - 2 ~ C = 0 

Tt1 ="Fc .A1/ 2 
-------

t 

1\ 2 = Tk
a Ab t C Fs 

o = (ML2 T-2)a (L2)b (T)c (MLT-2) 

as above, 

1t2 = Fs' A1/2 

t 

1r3 = Tka b t
C V 

. 0 = (ML2 T-2 )a (L2 )b (T)c (LT-1) 

equating exponents, 

(M) 0 = a 

(L) 0 = 2a + b + 1 

(T) 0 = 2a + C - 1 

7t"3 = V.t 

A 

1f4 = n 

7T 5 = nc 

7t6 = k 

---.a=O 

---. b = -1 

~ C = 1 
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6.8.5 USe of dimens.i.a1less groups 

'!he dimensionless groups detennined in the previous 

s~section, suggest possible groupings of the variables 

under investigation. As the groups are dimensionally 

hcrrDgeneous it is possible to equate the various groups and 

develop equations. 

From previous working it was shown:-

1fl = Fc.A1/ 2 
-------

t 

1T2 = FS.A1/ 2 

-------
t 

1t"3 = V.t 

A 

1T4 = n 

1fs = nc 

1\6 = k 

Equating the dimensionless groups 7t" 1 and 7t 2 we have: 

::~:~~~ = f (~~:~=~~~) 

(6.1) 

(6.2) 

(6.3) 

(6.4) 

(6.5) 

(6.6) 

hence, ________ (6.7) 

'lb proceed further it becx:rnes necessary to perfonn an experiment to 

find the effect. on F s [separation force] of varying Fe [contact 

force], all other variebles being kept oonstant. 
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Equating the groups 1f 2 and 1t 3 gives 

t 

hence, 
______ (6.8) 

Again to proceed further it is necessary to perfonn an 

experiment to find the effect of Fs of varying A [Area] keeping V 

(velocity of separation) and t (ti.ne of oontact) oonstant. 

Using the procedure outlined above it becnnes possible to 

equate the variables under investigation and detennine experiments 

necessary to find the relationship be'bJeen the equated groups. 
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6.9 Experimental details 

6.9.1 Testing equ.ipIelt and procedures 

Testing machine 

'!he Instron m::xiel 4301 universal testing machine was used for 

experiments roncerning separation force. The m::xiel 4301 is capable of 

tension and a.:npression testing in the range up to 5KN. The machine 

oonsists of a standard load frame and drive unit, a load weighing 

system, and a ronsole IlDunted (microprocessor based) rontrol system. 

The rontrol oonsole provides cx:mnuni.cation between the user and 

the machine frame, and any peripheral devices used for rerording, 

printing or calculating the test results. 'nlis is interfaced to the 

host cx:rrputer [Hewlett Packard HP85] via an IEEE-4888 port. Automatic 

calibration and balance facilities are built in and a self

identifying facility provides automatic recognition of the 

recx:mnended load cells. 

'!he specifications of the testing machine are shown over. 
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capacity 

Force rating (Tension and 
CXlTpression belOW' the roving 
crosshead 

Full-scale load range (using 
interchangeable 2518 load cells) 

Load weighing system accuracy 

Strain measuring accuracy 

Position measurement accuracy 
(no load) 

Position measurement repeatability 

Crosshead speed range 

Crosshead speed accuracy 

crosshead travel 

394 

5KN 

5 KN up to 500 rnn/rnin 

0.5 N to 5 KN 

BS 1610 Grade A 
DIN 51221 class 1 
AFNOR A03-501 class 1 
AS'IM E4 

BS 3846 Grades C & D 
AS'IM E 83, B-2, C & D 

+/- 0.1 rnn 

+/- 0.05 rnn 

o . 5 to 500 rnn/min 

+/- 0.5% over 100 rnn 
(no load) 

+/- 0.75% over 100 rnn 
(max load) 

970 mn 



Fabric 

All experiments were carried out on untreated ootten interlock 

fabric, made to the follCMing specification: 

Knitted on: 

Fabric thickness 

Fabric weight 

Yarn oount 

Course length 

Stitch length 

Courses/en 

wales/en 

Stitch density 

J\dhesives 

Mellor Branley 3RL3 circular 

knitting machine M/c No RP4298/50 

16" diameter, 20 npi 

1008 needles in dial and cylinder. 

1.20 nrn (@ 20 gf/en) 

267 g/m2 

25.5 tex 

427.26 en 

0.424 en 

10.4 

11.6 

120.64 

Experiments were carried out using four type of pressure

sensitive adhesives, three cx:mnercially available, the other 

currently under developnent. '!he four adhesives being: 

1 - 'Selotape , 

2 - Masking tape 

3 - Electrical Insulating tape 

adh . * 4 - 'Magnatac' es~ve 
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* During the oourse of the investigation the author made oontact with 

the manufacturer of a pressure-sensitive adhesive 'magnatac', not yet 

cx:mnercially available. The adhesive has unique characteristics not 

possessed by carmercial pressure-sensitive's, - the ability to regain 

its 'tack' after cleaning with water and drying. With cx::mnercial 

pressure sensitive adhesives (1 to 3 above), once the 'tack has 

deteriorated the adhesive has no further use. The full specification 

of 'magnatac ' adhesive, as supplied by the manufacturer is detailed 

in Appendix L. 

~rimental procedures 

Experimantation has been carried out to detennine (i) the 

effect of the number of separations on separation force [bond 

strength] of the four adhesives on ootton interlock fabric and (ii) 

to investigate the effects of a number of variables [outlined in 

section 6.8.4] on the fabric to adhesive bond strength. 

(i) Effect of the number of separations on separation force 

'I\oJo test blocks were used, a test block of surface area 600 rnn2 

on which the adhesive tape was fixed or cx:>ated on in the case of 

'magnatac'. The other test block oonsisting of a base plate to which 

interlock fabric is fixed. 

The base plate with the fabric is fixed in the bottan jaw of 

the testing machine and a static load of 1 Kg applied to the adhesive 

test block resting on the fabric test block, for 1 seoond, see 

diagram over: 
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w 

fabric 

-+-__ - static load 

adhesive test block 

base plate 

lower jaws of 
testing machine 

The adhesive test block was then clanped in the upper jaws of 

the ~sting machine, and the force required to renove the adhesive 

test block treasured and reoorded. 
; !" 

The adhesive test block was again placed on the fabric test 

bloCk, with the static load being applied for the sane tine. The 

force required to renove the adhesive test block was again treasured. 

This was repeated a mnnber of tines depending on the adhesive being 

tested. This procedure being repeated three t.i.Ires for each adhesive. 

For each set of tests a fresh adhesive surface was used and a new 

fabric sarrple attached to the base plate. Plate 6.19 shows the test 

blocks fixed in the testing machine. 
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(ii) Investigation of the effect of a number of variables on the 

adhesive to fabric bond strength [separation force] 

'!his set of experiments were designed to fully assess the 

perfonnance of the adhesive selected to be used in a prototype device 

for picking up and handling fabrics. The adhesive selected for 

further investigation being 'magnatac' adhesive, due to its unique 

characteristics of being able to regain its tack properties. 

A test block was manufactured fran perspex, which was a full

size m::xiel of the block to be used in the prototype pick-up device, 

see figures 6.20 and 6.21. The same fabric test block used in the 

previous experiment was used. The testing specifications can be found 

in~M. 

6.9.2 Results c:btained 

(i) The effect of number of separations on separation force 

The table of results obtained [Results 1] can be found in 

~N. 

(ii) Investigation of the effect of a number of variables on the 

adhesive to fabric bond strength [separation force] 

The table of results obtained [Results 2] can be found in 

rwenctiX N. 
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Plate 6 . 19 Tesl Blocks f ixed in Testing Machin 



F~gure 6.20 Test BLock For Exper~ment(~~) 

25 MM 

l , 
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q DDD 
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SLOTS 1.5 MM WIDE 
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F~gure 6.21 Adhes~ve Areas (sQ.mm) 

• 
• 

361.0 

. JI 
II 

• 
301.5 

• 
• 

252.5 

• 

193.0 

• • • • • • • • • 
133.5 

.. adhes~ve area removed 
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• • • • • 
109.0 

• 
• 

• 
84.5 

• 
• 

12.3 

• 
36.1 

18.1 



6.9.3 Analysis of results 

Results obtained by experimentation were analysed using a 

general purpose statistics package - 'MINITAB'. It oonsists of a 

'NOrksheet (rows by oolUITU1s) where data is stored, There are a variety 

of cx:mnands available which allCMS the data to be analysed and 

'explored' • 

In order to find a m:x:iel of the relationship between the 

separation force and number of separations for adhesive to fabric 

bonding, the results were manipulated to find an approximation for a 

straight line. Rather than fit a polynanial to the curved data a 

number of transfonnations were tried to see if a m:x:iel oould be 

found. Transfonnations were chosen starting with the weakest .[y or 

IX ,followed by lD<1e or lD<1e, and the strongest -l/Y or -l/X. This 

was then followed by a canbination of the above transfonnations, 

these are outlined as follows. 
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Transfannations '!ested for Separation Faroe against Nurriler of 
Separations data 

Plot of Separation Fbrce [Y] VB. Nuni:ler -of Separatioos [Xl 

y 

* 

0.90+ * 

* 
* 

0.60+ * 
** 
* 

0.30+ 

*2 
2 * 

* 2** 
* * 

* * * * * * 
* 

+---------+---------+---------+---------+---------+------x 
o 20 40 60 80 100 

TranSfonnation 1 - Plot of Sq. :root of Y VB. X 

1.00+ * 
* 

Sqrt y -

* 
0.80+ ** 

* 

0.60+ 

0.40+ 

* 
* 

*2 * 
2 

* ** 
* 2 

* * 
* 

* * 
* * 

* 
+---------+---------+---------+---------+---------+------x 
o 20 40 60 80 100 
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Transfonnatioo 2 - Plot of Wge of Y VB. X 

-0.00+ * 
- * 

IDge Y - * 
** 

-0.70+ 

-1.40+ 

-2.10+ 

** 
**2 

* * 
* *** 

* * 
* 

* * * * 
* * 

* 

* 

+---------+---------+---------+---------+---------+------x 
o 20 40 60 80 100 

Tnmsfonnatian 3 - Plot of -1/Y VB. X 

0.0+ 

-1/Y - 2 

-2.5+ 

-5.0+ 

-7.5+ 

2* 
*2 

*2* * 
* *** 

* * 
* 

* 
* * * 

* * 

* 

* 
+---------+---------+---------+---------+---------+------x 
o 20 40 60 80 100 

s = 0.6841 R-sq = 85.7% R-sq(adj) = 85.2% 
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T.r8nSfonnatial 4 - Plot of Y VB. Sq. :root X 

y 

* 
0.90+ * 

* 
* 

0.60+ * 

0.30+ 

** 
* 
* 2 

** * 
* **** 

* * 
* * * * * * 

* 
+---------+---------+---------+---------+---------+------

-0.0 2.0 4.0 6.0 B.O 10.0 Sqrt X 

TranSfonnation 5 - Y VB. I.ocJe X 

y 

* 
0.90+ * 

* 
* 

0.60+ * 

0.30+ 

** 
* 
* ** 

2 * 
* **** 

* * 
* * ** * * 

* 
+---------+---------+---------+---------+---------+------

0.0 1.0 2.0 3.0 4.0 5.0 Loge X 

s = 0.07536 R-sq = 89.4% R-sq( adj) = 89.0% 
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Transfomatial 6 - Y VB. -1/X 

y 

* 
0.90+ * 

* 
* 

0.60+ 

0.30+ 

* 
** 

* 
*** 

2* 
* 3* 

* * 
*4* 
* 

----+---------+---------+---------+---------+---------+--
-1.00 -0.80 -0.60 -0.40 -0.20 0.00 -l/X 

TraIlSfonoation 7 - lDge Y VB. lDge X 

-0.00+ * 
* 

IDge Y - * 

-0.70+ 

-1.40+ 

-2.10+ 

* * 
** 

** ** 
* * 

* * ** 
* * 

* 
* * * * 

* * 
* 

* 

+---------+---------+---------+---------+---------+------
0.0 1.0 2.0 3.0 4.0 5.0 Loge X 

s = 0.1212 R-sq = 95.2\ R-sq(adj) = 95.0\ 
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'lnUlSfODlBtial 8 - -l/Y VB. -l/X 

0.0+ 

-1/Y * 

-2.5+ 

-5.0+ 

-7.5+ 

* 
* * * 

*** 
**2* 
**2 

** 
* 

* 
*2 

2 

* 

* 

----+---------+---------+---------+---------+---------+--
-1.00 -0.80 -0.60 -0.40 -0.20 0.00 -l/X 

TransfoDIBtian 9 - IDge (l/Y) VB. IDge X 

2.10+ 

Loge (1/Y) 

1.40+ 

0.70+ 

* 
-0.00+ * 

** 
* * 

* 

* 
* * 

* * ** 
* * 

** ** 

* * * * 

* 
* * 

* 

+---------+---------+---------+---------+---------+------
0.0 1.0 2.0 3.0 4.0 5.0 Loge X 

s = 0.1212 R-sq = 95.2' R-sq( adj) = 95.0' 
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Fran the fore-g::>ing analysis it can be seen that the 

transfonnation I.oge [l/YJ versus I.oge (X) gives the strongest 

indication of a relationship between the two variables. The analysis 

was carried out on a typical set of results. 

The regression equation is given as:-

lDCJe(l/Y) = I.oge(a) + k.I.oge(X) 

this is of the fom Y = lTOC + C 

Raising both sides by eX gives, 

1 
= a.Xk 

Y 

where a is the intercept and k is a cxmstant. 

The general law relating the separation force to the number of 

separations is given as:-

Separation force = 1 
-------------------------
a.Number of separationsk 

The analysis of experimental data follows: 
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C2 

C4 

ANALYSIS (Ii' SEIDmPE ~ 

Plot of Mean Stpmltian Foroe [Kg] (C2) VB. NuniJer of Seps. (C1) 

0.50+ * 

- 3 
0.40+ 

* 
* 
** 

0.30+ 2*** 

0.20+ 

* * 
**2 

* * * 
* * * * 

* * * * 
* * * 

+---------+---------+---------+---------+---------+------C1 
o 30 60 90 120 150 

Transforming data on X and Y axes 

Plot of ~ of the Inverse of Mean Separation Foroe [Kg] (C4) 
VB. IDge NUiiber of Separatioos C3 

1.50+ 

1.20+ 

0.90+ * 
* * 

* 

* ** 
** 

* * 
* * * ** 

** 
* 

* 

* * * 
* 

* 

* 
* 

* * 
* * 

* 
* 

+---------+---------+---------+---------+---------+------C3 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is:-

C4 = 0.731 + 0.194 C3 

Where, 

C4 is I.DcJe of the Inverse of Mean Separation Force [Kg] 

and, 

C3 is I.DcJe of Number of Separations 

'Ibis gives, 

Mean Sep. Force (Kg) = 1 

2.077 x Number of SeparationsO•194 

-------------------------------------------------------------
Predictor 
Constant 
C3 

Coef 
0.73076 
0.19448 

Stdev 
0.03327 
0.01012 

t-ratio 
21.97 
19.21 

s = 0.07609 R-sq = 92.3% R-sq(adj) = 92.0% 

Analysis of variance 

SOORCE DF 
Regression 1 
Error 31 
Total 32 

SS 
2.1367 
0.1795 
2.3161 

MS 
2.1367 
0.0058 

--------------------------------------~----------------------
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ANALYSIS CF MASKJlG TAPE rwm 

Plot of Mean Separatial Foroe [Kg] (0) VB. N\lltt)er of Seps. (C1) 
C2 

C7 

- * 

1.05+ 

* 
0.70+ 

* 
- *3 

0.35+ 

-0.00+ 

3 ** 
322* 

* * 
* * * * * * * * 

* * * 
+---------+---------+---------+---------+---------+------Cl 
o 30 60 90 120 150 

Transfonning data on X and Y axes 

Plot of lDCk of the Inverse of Mean Separation Foroe [Kg] (C4) 
VB.~m~mSepara~(~) 

2.40+ 2 
** * 

* *** 
* * 

* 
1.60+ * 

* ***2* 
* ** * 

* * 
0.80+ ** 

* * 
* 

* 
-0.00+ 

* 

+---------+---------+---------+---------+---------+------C6 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is 

C4 = - 0.0889 + 0.487 C3 

Where, 

C4 is Loge of the Inverse of Mean Separation Forae [Kg] 

and, 

C3 is Loge of Number of Separations 

This gives, 

Mean Sep. Force (Kg) = 1 

0.915 x Number of SeparationsO•487 

------------------------------------------------------------

Predictor 
Constant 
C3 

Coef 
-0.08890 
0.48672 

5tdev 
0.03454 
0.01051 

t-ratio 
-2.57 
46.30 

s = 0.07901 R-sq = 98.6% R-sq(adj) = 98.5% 

Analysis of Variance 

SOORCE DF 
Regression 1 
Error 31 
Total 32 

5S 
13.382 
0.194 

13.576 

MS 
13.382 
0.006 

------------------------------------------------------------
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C2 

C4 

ANALYSIS OF EUOC'IRICAL INSUIATD«; TAPE ~ 

Plot of Mean Separation force [Kg] (C2) VB. NunDer of Seps. (C1) 

0.80+ * 

0.60+ * 

* 
** 

0.40+ 2* 
22** 
*22* 

0.20+ 

* 
* * * 

* * * * * * * 
* * 

+---------+---------+---------+---------+---------+------Cl 
o 30 60 90 120 150 

Transfonning data on X and Y axes 

Plot of lDge of the Inverse of !Bm Separation Force [Kg] (C4) 
VB.~m~mSepara~(O) 

1.50+ 

1.00+ 
** * 

* * * 

0.50+ * 

- * 

* * 
** 2*2 * 

* * * 

* 
* * 

* ** 
* *** ** 

+---------+---------+---------+---------+---------+------C3 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is:-

C4 = 0.328 + 0.280 C3 

Where, 

C4 is lD<Je of the Inverse of Mean Separation Force [Kg] 

and, 

C3 is Loge of Number of Separations 

This gives, 

Mean Sep. Force (Kg) = 1 

1.388 x Number of SeparationsO•28 

Predictor 
Constant 
C3 

Coef 
0.32813 

0.280225 

Stdev 
0.02549 

0.007757 

t-ratio 
12.87 
36.13 

s = 0.05830 R-sq = 97.7% R-sq(adj) = 97.6% 

Analysis of variance 

SOORCE OF 
Regression 1 
ErrOr 31 
'lbtal 32 

SS 
4.4360 
0.1054 
4.5414 

MS 
4.4360 
0.0034 

--------------------------------------------------------------
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C2 

C4 

ANALYSIS OF '~' AIlJESIVE IWJ]\. 

Plot of Mean Separation force [Kg] (C2) VB. Nunber of Seps. (C1) 
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0.60+ * 
** 
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*2 
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* 2** 
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* 
* 

* * * * * 
* 

+---------+---------+---------+---------+---------+------Cl 
o 20 40 60 80 100 

Transforming data on X and Y axes. 

Plot of lDcIe of the Inverse of Mean Separation Force [Kg] (C4) 
VB.~m~mSepara~(O) 

2.10+ 

1.40+ 

0.70+ 
** 

* * 
* 

* 
-0.00+ * 

* 
* * * 

* * ** 
* * 

** ** 

* 

* 
* * 

* * * 

+---------+---------+---------+---------+---------+------C3 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is:-

C4 = - 0.156 + 0.450 C3 

where, 

C4 is I.o<k of the Inverse of Mean Separation Force [Kg] 

and, 

C3 = Loge of Number of Separations 

This gives, 

Mean Sep. Force (Kg) = 1 

0.856 x Number of separationsO.45 

-------------------------------------------------------------

Predictor 
Constant 
C3 

Coef 
-0.15621 

0.45022 

Stdev 
0.05758 
0.01974· 

t-ratio 
-2.71 
22.80 

s = 0.1190 R-sq = 95.2% R-sq(adj} = 95.1% 

Analysis of Variance 

SOURCE DF 
Regression 1 
Error 26 
Total 27 

SS 
7.3631 
0.3682 
7.7312 

MS 
7.3631 
0.0142 

-------------------------------------------------------------
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ANALYSIS CF EXPER.IMENI' 1 I)l.\TIl 

Plot of !em Separation Force (Kg) VB. Nlmtler of Separations 
- * 

0.60+ 
Mean 
Sap. - * 
Force * 
(Kg) * 

C4 

0.45+ * 

22 
** * 

*2* 
0.30+ *2 

* 
* 

* * * * * * * 
0.15+ *. * * * * * 

* 
+---------+---------+---------+---------+---------+------
o 35 70 105 140 175 

Number of Separations 

Transfonning data on X and Y axes 

Plot of lDcIe of the Inverse of Mean Separation Force (C4) 
VB.~m~mSepara~(O) 

2.00+ 

1.50+ 

1.00+ 

* 
* * 

* 
0.50+ 

- * 

* ** 
* ** * 

* * * 
** * * 

* 
* 

* 
* ** * 

2** 
* * 

** * 

+---------+---------+---------+---------+---------+------C3 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is:-

C4 = 0.284 + 0.333 C3 

Where, 

C4 is Loge of the Inverse of Mean Separation Force 

and, 

C3 is Loge of Number of Separations 

This gives, 

Mean Sep. Force (Kg) = 1 
--------_._-----------------------
1.328 x Number of SeparationsO. 333 

-------------------------------------------------------------

Predictor 
Constant 
C3 

Coef 
0.28429 
0.33325 

Stdev 
0.03799 
0.01112 

t-ratio 
7.48 

29.96 

s = 0.08948 R-sq = 96.5% R-sq(adj) = 96.3% 

Analysis of variance 

saJRCE DF 
Regression 1 
Error 33 
'Ibtal 34 

S5 
7.1896 
0.2642 
7.4539 

MS 
7.1896 
0.0080 

-------------------------------------------------------------
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ANALYSIS CF EXl'ERlMENI' 2 IWm 

Plot of Initial Separation Foroe (Kg) VB. NuniJer of 'Cleans' 

1.00+ 
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+---------+---------+---------+---------+---------+------

C4 
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Transforming data on X and Y axes 

Plot of I.ocJe of the Inverse of Initial Separation Foroe (C4) 
VB. IDCJe of NunDer of 'Cleans' 
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* 

+---------+---------+---------+---------+---------+------C3 
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The regression equation is:

C4 = 0.100 + 0.425 C3 * 

Where, 

C4 is lD<Je of the Inverse of Mean Separation Force [Kg] 

and, 

C3 is Loge of Number of Separations 

-------------------------------------------------------------

Predictor 
COnstant 
C3 

Coef 
0.1002 
0.4246 

s = 0.2200 R-sq = 66.7% 

Analysis of variance 

SOURCE DF 
Regression 1 
Error 3 
'lbtal 4 

SS 
0.29128 
0.14522 
0.43650 

Stdev 
0.1927 
0.1731 

t-ratio 
0.52 
2.45 

R-sq(adj) = 55.6% 

MS 
0.29128 
0.04841 

-------------------------------------------------------------

* The low value of the ooefficient of detennination (R-sq) suggests 

that this is a weak correlation. 
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Plot of Mean Separation Foroe (Kg) VB. Nuni:ler of Separations 
[Before cleaning] 

Mean 
Sep. 
Force - * 
(Kg) 
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0.60+ * 
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*2 
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+---------+---------+---------+---------+---------+------
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Transfonning data on X and Y axes 

Plot of lDc;b of the Inverse Mean Separation Force (C9) 
IDge of NuRDer of Separations (CS) [Before Cleaning) 
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+---------+---------+---------+---------+---------+------C8 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is:-

C9 = - 0.163 + 0.458 C8 

Where, 

C9 is Loge of the Inverse of Mean Separation Force [Kg) 

and, 

C8 is Loge of Number of Separations 

This gives, 

Mean Sep. Force (Kg) = 1 

0.873 x Number of SeparationsO•458 

-----------------------~-------------------------------------

Predictor 
Constant 
C8 

Coef 
-0.16318 
0.45819 

Stdev 
0.05866 
0.02012 

t-ratio 
-2.78 
22.78 

s = 0.1212 R-sq = 95.2% R~sq(adj) = 95.0% 

Analysis of variance 

SOURCE DF 
Regression 1 
Error 26 
'lbtal 27 

SS 
7.6259 
0.3822 
8.0081 

MS 
7.6259 
0.0147 

-------------------------------------------------------------
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Plot of Mean Separatial Force (Kg) VB. Nulri:ler of Separations 
[After cleaning] 
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+---------+---------+---------+---------+---------+------
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Transforming data on X and Y axes 

Plot of lDgp of the Inverse Mean Separatial Force (C10) 
lDge of NuODer of Separations (C7) [After Cleaning] 
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* * 

** 
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* 
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+---------+---------+---------+---------+---------+------C8 
0.0 1.0 2.0 3.0 4.0 5.0 
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The regression equation is:-

CI0 = 0.491 + 0.300 C8 

Where, 

CI0 is l.<Jge of the Inverse of Mean Separation Force [Kg] 

and, 

C8 is l.<Jge of Number of Separations 

'!his gives, 

Mean Sep. Force (Kg) = 1 
--------------------------------
1.634 x Number of SeparationsO. 3 

-------------------------------------------------------------

Constant 
C8 

0.49083 
0.29998 

0.04859 
0.01666 

10.10 
18.00 

s = 0.1004 R-sq = 92.6% R-sq(adj) = 92.3% 

Analysis of· variance 

SOORCE DF 
Regression 1 
ErrOr 26 
Total 27 

SS 
3.2688 
0.2622 
3.5310 

MS 
3.2688 
0.0101 

--------------------------------------------------------------
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ANALYSIS (P EXPER.IMI!NI' 3 ~ 

Plot of Mean Separation Foroe (Kg) VB. NunDer of 'Cleans' 

0.80+ 
Mean 
Sep. 
Force 
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* ----+---------+---------+---------+---------+---------+--

C4 
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Transfonning data on X and Y axes 

Plot of ~ of the Inverse of Mean Separation Foroe (C4) VB. 
lDc1e of NuiIf5er of 'Cleans' (C3 ) 
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-0.00+ 
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The regression equation is:-

C4 z 0.310 + 0.900 C3 

Where, 

C4 is lD<3e of the Inverse of Mean Separation Force 

and, 

C3 is Loge of Number of 'Cleans' 

'!his gives, 

Mean Sep. Force (Kg) = 1 

1.363 x Number of 'Cleans,O.9 

------------------------------------------------------------

Predictor 
Constant 
C3 

Coef 
0.3097 
0.8999 

s ~ 0.3232 R-sq = 81.0% 

Analysis of variance 

SOORCE DF 
Regression 1 
Error 4 
Total 5 

SS 
1.7781 
0.4178 
2.1960 

Stdev 
0.2732 
0.2181 

t-ratio 
1.13 
4.13 

R-sq(adj) = 76.2% 

MS 
1.7781 
0.1045 

------------------------------------------------------------
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ANALYSIS CF EXPERIMI!Nr 4 IWm 

Plot of Mean Separatial Foroe (Kg) VB. Contact Time (sec) 

1.20+ 
Mean -
Sep. -
Force -
(Kg) -

1.00+ 

* 

0.80+ ***** 
- ** 

* 
0.60+ 

* 

* * 

+---------+---------+---------+---------+---------+------
-0 12 24 36 48 60 

Contact Time (seoonds) 

The regression equation is:-

Mean Separation Force = 0.716 + 0.0106 Contact Time 

-------------------------------------------------------------
Predictor 
Constant 
time 

Coef 
0.71581 

0.010643 

Stdev 
0.03823 

0.001895 

t-ratio 
18.73 
5.62 

s = 0.1060 R-sq = 75.9% R-sq(adj) = 73.5% 

Analysis of Variance 

SOORCE OF 
Regression 1 
Error 10 
'IOtal 11 

SS 
0.35490 
0.11246 
0.46735 

MS 
0.35490 
0.01125 

-------------------------------------------------------------
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'!be following shows the transformations that were tested to find a 

stronger correlation of the data:-

Transformations Tested 

Plot of Mean Separation Fbroe (Kg) VB. Square Root of Qmtact 
Tine (eJ) 

1.20+ 
Mean 
Sep. 
Force 
(Kg) 

1.00+ 

0.80+ 

0.60+ 

* * 

* * 

* 

** * ** 

* 

* 
+---------+---------+---------+---------+---------+------C3 

-0.0 1.5 3.0 4.5 6.0 7.5 

The regression equation is:-

Mean Separation Force = 0.553 + 0.0980 Sq. rt of Contact. Time 

-------------------------------------------------------------
Predictor 
Constant 
Sq.rt Time 

Coef 
0.55299 
0.09798 

Stdev 
0.05420 
0.01559 

t-ratio 
10.20 
6.28 

s = 0.09718 R-sq = 79.8% R-sq(adj) = 77.8% 

Analysis of Variance 

SCXJRCE OF 
Regression 1 
Error 10 
'Ibtal 11 

SS 
0.37292 
0.09443 
0.46735 

MS 
0.37292 
0.00944 

------------------------------------------------------------
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Plot of Mean SEprration Force (Kg) VB. Cubed Root of O:mtact 
Time (C4) 

1.20+ 
Mean 
Sep. 
Force 
(Kg) 

1.00+ 

* 

0.80+ * * * ** 
* * 

* 
0.60+ 

* 

* * 

--------+---------+---------+---------+---------+--------C4 
1.20 1.80 2.40 3.00 3.60 

The regression equation is:-

Mean Separation Force = 0.391 + 0.227 CUbed Root of Contact Time 

---------------------------------------------------------------
Predictor 
Constant 
C4 

Coef 
0.39138 
0.22665 

Stdev 
0.08201 
0.03830 

t-ratio 
4.77 
5.92 

s = 0.1019 R-sq = 77.8% R-sq(adj) = 75.6% 

Analysis of Variance 

SOORCE DF 
Regression 1 
Error 10 
'Ibtal 11 

SS 
0.36355 
0.10380 
0.46735 

MS 
0.36355 
0.01038 

-------------------------------------------------------------
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ANALYSIS CP EXP£RlMli.N.l' 5 DM2\ 

Plot of Mean Separatial Force (Kg) VB. AWlied load (g) 

1.60+ 
Mean 
Sep. 
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0.80+ 
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--------+---------+---------+---------+---------+--------
350 700 1050 1400 1750 

Applied Load (g) 

The regression equation is:-

Mean "Separation Force (kg) = 0.269 + 0.000653 Applied Load ("g) 

-------------------------------------------------------------
Predictor 
Constant 
AWIDad 

Coef 
0.26928 

0.00065289 

Stdev 
0.05417 

0.00004829 

t-ratio 
4.97 

13.52 

s = 0.08179 R-sq = 97.9% R-sq(adj) = 97.3% 

Analysis of variance 

SOORCE DF 
Regression 1 
~r 4 
'lbtal 5 

55 
1.2227 
0.0268 
1.2494 

MS 
1.2227 
0.0067 

-------------------------------------------------------------
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ANALYSIS (F EXPER.IMENl' 6 IWrA 

Plot of Mean Separation Force (Kg) VB. Separation Rate (DIII/min) 

1.00+ 
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Sep. 
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* 

+---------+---------+---------+---------+---------+------
o 100 200 300 400 500 

Separation Rate (nm/rnin) 

The regression equation is:-

Mean Separation Force = 0.208 + 0.00149 Separation Rate 

-------------------------------------------------------------
Predictor Coef 
Constant 0.20841 
Sep Rate 0.00148890 

Stdev 
0.01403 

0.00006482 

t-ratio 
14.86 
22.97 

s = 0.02902 R-sq = 98.7% R-sq(adj) = 98.5% 

Analysis of Variance 

SOORCE DF 
Regression 1 
~r 7 
'lbtal 8 

SS 
0.44436 
0.00590 
0.45026 

MS 
0.44436 
0.00084 

-------------------------------------------------------------
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ANALYSIS (Ii' F.XPI!mMI!NI' 7 IWm 

Plot of Mean Separatial Force (Kg) VB. OJntact Area (~) 

Mean 
Sep. 
Force 
(Kg) 
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+---------+---------+---------+---------+---------+------
o 70 140 210 280 350 

Contact Area (rnn2 ) 

The regression equation is:-

Mean Sep. Force = 0.0300 + 0.000641 Contact Area 

-------------------------------------------------------------
Predictor 
Q)nstant 
Area 

Coef 
0.029992 

0.00064110 

Stdev 
0.004984 

0.00002606 

t-ratio 
6.02 

24.60 

s = 0.009105 R-sq = 98.7% 

Analysis of variance 

SOORCE DF 
Regression 1 
~r 8 
Total 9 

SS 
0.050186 
0.000663 
0.050849 

R-sq(adj) = 98.5% 

MS 
0.050186 
0.000083 

-------------------------------------------------------------
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6.9.4 Discussion of analysed results 

A general law relating the separation force to the number of 

separations has been found where, 

Separation force = 1 
-------------------------
a. Number of separationsk 

where, ' a' and 'k' are ronstant. 

The intercept 'a' and ronstant 'k' are found by 

experimentation. These have been shown for four pressure- sensitive 

adhesives; tape, masking tape, electrical insulating tape, and 

'magnatac ' adhesive. 

Using the aOOve law and applying the intercept [a] and ronstant 

[k] known for the particular adhesive, it is possible to predict the 

separation force required to renove the fabric fran the adhesive for 

a given number of separations [for a given area of adhesive, applied 

at a given load, for a given time and separated at a given rate]. 

Further analysis of the adhesive chosen for further 

development, 'magnatac', establishes a number of relationships for 

the variables which affect the perfonnance of the adhesive. Based on 

the experimental results it bea:mes possible to detennine the 

theoretical maximum size of fabric sanple that can be picked up and 

held given:-

(i) type of adhesive 

(ii) number of separations (pick-ups) 
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( iii) ti.ne of contact 

(iv) applied load 

(v) separation rate 

(vi) area of adhesive. 

It is also possible to determine the force required to rerrove 

the fabric sarrple from the adhesive, for the given conditions i) -

vi) above. 

'!heoretical size of fabric sarrple which can be picked up 

If the fabric used has a weight of 267 g/m2 and the force 

required to separate the fabric under certain conditions is 120 g. 

'!hen, the maxilm.nn area of piece that can be held ·\\1Ould be: 

3.75 em2/g x 120 g = 450 em2 

for exanple a piece of fabric measuring 21.2 x 21.2 em. 
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6.10 Research, design am manufacture of an adhesive device for 

autana.ted ply separation am hand] ing of fabrics 

Fran the review presented in AI:Pendix K, it was shown that 

without exception all devices, using pressure-sensitive adhesives, 

rely on the use of adhesive tapes. 'Ibis restricts the design of such 

devices to provide means for incorporating the tape, and provide 

means to index the tape to present a fresh adhesive surface at 

certain times. 

In using the pressure-sensitive 'magnatac' such restrictions 

are not iIrposed on the design. '!his is because the adhesive can be 

, cleaned', allawing it to be used a number of times. Means of 

achieving this cleaning or replacing the adhesive however have to be 

provided. 'Ibis can be achieved by either manual or autaTated rreans at 

sane predetermined period during the operation of the device, or 

whilst a substitute device is operating. The 'IJOrking limits can be 

detennined by analysis and experimentation, as shown in section 6.9. 

'!he design of the prototype represents a departure fran 

conventional pressure-sensitive adhesive devices. It has been 

designed for operation under robotic control. Achieving this aim 

enables the device, after the necessary nodifications, to be used for 

semi-autanated or manual purposes. 

'!he follawing sub-sections detail the developnent of a 

prototype device for separating and handling fabric fran a stack of 

cut parts. 

435 



6.10.1 Design criteria for the prototype device 

With reference to the requirements of a device for the 

autanated handling of fabrics, outlined in section 6.4, the design 

criteria are surrmarised as follCMS:-

(i) A device to reliably separate and hold a piece of fabric from 

a stack of cut parts. 

(ii) The device to be reliable in operation and require very little 

maintenance . 

(ill) The device should be lightweight and easily attached to a robot. 

(iv) 'Ib operate at optimum speed and cater for changes in fabric. 

(v) 'Ib prevent any danage or cx:mtarnination of the fabric during 

operation. 

(vi) 'Ib be safe in operation and present no risks to the operator(s). 

(vii) The picking surface to be easily accessible for cleaning, and 

any replacerent of parts should require the minimum pf time. 

(viii) The device to use a:xrponents which are readily available. 

(ix) 'Ib use existing power sUWlies, Le. electricity carpressed air. 

(x) 'Ib be patentable and oammercially exploitable. 

6.10.2 Design am manufacture of the prototype 

Figure 6.22 shc:Ms the detailed arrangement of the prototype 

pick-up device. It oonsists essentially of a dual-acting mechanism. 

Q'le mechanism for registering the pressure applied to the fabric 

stack, and the other to separate the fabric fran the pick-up device. 

Although specific carp:>nents are shown for achieving this 
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(microswitch and solenoid), other means such as pressure transducers 

or pneumatic cylinders oould be inoorporated. 

'!he nounting face provides a location for attaching the device 

to the robot, without interfering with the action of the device. When 

the device is applied to the fabric stack the applicator (5) ooated 

with adhesive, nounted on a plate (4) causes the guide rods (11) to 

IIDVe through the base plate (2) acting against the springs (12). When 

the pressure applied to the fabric exceeds the ~pring force, the 

microswitch (14) is activated. 'Iherefore the microswitch is activated 

after a predetermined pressure (oontrolled by spring force), see 

figure 6.23. 

Once the fabric piece is located and transferred to the desired 

location, the solenoid (15) is activated. 'Ihl.s causes the outer 

mechanism (oonsisting of the top guide (3), side plates (7), and 

release plate (6» to nove over the nounting plate (1) I releasing the 

fabric fran the applicator (5). The release plate oonsists of a 

matrix of wires which fit bet1Neen the slots of the applicator. This 

arrangement i.r£proves release of the fabric fran the applicator. 'Ihl.s 

outer mechanism noves independently over the Irechanism for 

registering the pressure applied to the fabric stack, see figure 

6.23. 

The surface of the applicator, ooated with adhesive, is 

nonnally exposed below the surface of the release plate. 'Ihl.s allows 

it to be cleaned periodically. If the applicator requires 

replacement, the release plate is renoved, as shown in figure 6.24, 

allowing access to the applicator. 
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'Ihe main cx:rrponents of the prototype were manufactured fram 

perspex, to neke it as light weight as possible. Plate 6.25 shows the 

prototype device held by the robot gripper, and plate 6.26 shows a 

side view of the prototype. Plate 6.27 shows the under-side of the 

device, showing the face of the awlicator with the wires of the 

release plate in the slots. 
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F~gure 6.22 Protot~pe Adhes~ve P~ck-up Dev~ce 

A 

ADHESIVE SURFACE 

VIEW IN DIRECTION A 

1~ [Patent Pend~ngJ 
HOUNTING FACE 

0 ' 

SIDE VIEW 

1 -MOUNTING PLATE 
2 -BASE PLATE 
3 -TOP GUIDE PLATE 
1 -APP. MOUNTING PLATE 
5 -APPLICATOR (APP.) 
6 -RELEASE PLATE 
1 -SIDE PLATE 
8 -ACTIVATING BLOCK 
q -GUIDE ROD 
10 -SPRING 
11 -GUIDE ROD 

BACK VlEW 

12 -SPRING 
13 -NUT 
11 -MICROSIJ ITCH 
15 -SOLENOID 
16 -ACTUATING CORE 
11 -CONICAL SPRING 
18 -NUT 
1q -HINGE 
20 -CLASP 
21 -SUPPORT PLATE 



~ 

~ 
o 

F~gure 6.23 Operat~on of Prototype P~ck-up Dev~ce . 
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FLgure 6.24 RemovaL of Adhes~ve 
AppLLcator 

RELEASE PLATE ~ 
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Plate 6 . 25 Protot ype Pick-u p Device 
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Plate 6 . 26 Side View of Prototy pe Pick-up Devj e 



Pla e 6 . 27 Unde r-sid e of Prototype Pick-liP Device 



6.11 Design of a nilotic cxntrol system 

'!his section outlines the design of a robotic control system 

for the prototype device detailed in the previous section. The aim of 

this particular area of research was to use a robot to control the 

prototype pick up device detailed in section 6.10. 

The task involved was to separate one ply of fabric at a time 

fran a stack of cut sanples, transfer the ply to a new location and 

release the ply. nus task to be carried out automatically without 

the need for htman intervention. Provision was to be made for 

recording the number of plies picked up. Once the recx:mnended number 

of pick-ups had been achieved, the robot was to ITDve the prototype 

device to a 'cleaning' position, allowing the adhesive surface to be 

cleaned [manually] before the device is ITDved back to its initial 

position above the stack, ready to begin searching for a new piece to 

pick up. 

'!he following sub-sections detail the hardware and software 

considerations in developing this system. 

6.11.1 IIartMre CXXlSiderations 

The robot used in the developnent of the system was the RTX 

rolx>t, manufactured by Universal Machine Intelligence (UMI) Ltd. This 

is a low-cost, high performance robot arm of ITDdified SCARA 

configuration. 'It has six axes of ITDve.nent plus gri~r, 2 Kg load 

capacity, +/-0.5 nIn repeatability and a reach of 684 rrm over full 

vertical travel of 915 nIn. The technical specifications for the RTX 
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can be found in AWendix o. 

The host computer used for controlling the RTX was an Olivetti 

M240 PC interfaced to the robot via the RS232-C serial port. The 

robot was· not rrodified for use and the prototype device was held in 

the gripper of the RT.X as shown in plate 6.25. 

Interfacing the prototyPe pickup device to the RTX robot ann 

The RT.K features a user input/output (I/O) socket consisting of 

t1NO I/O ports (IPO and IP1). Each I/O port has six lines which can be 

set to either input or output. The wiring of the socket is shown in 

figure 6.28. The I/O lines are TI'L levels and need to be buffered. 

Port 0 [IPO] is set for output and port 1 [IP1] is set for 

input. The prototype device incorporates a microswitch for 

registering pressure applied to the fabric stack, and a solenoid for 

activating the release (outer) mechanism to separate the ply of 

fabric fran the device. The circuit developed for interfacing the 

microswitch and solenoid to the RTX is shown in figure 6.29. A 24 

volt miniature solenoid was used in the prototype. The force exerted 

by the solenoid could be increased by increasing the voltage applied 

to the roil, acrording to the follCMing: 

duty 10% 

~ 77V 

25% 

48V 

50% 

34V 

100% 

24V. 

The solenoid was buffered to the input port using a 4104 logic 

level ronverter, and the current switched to the solenoid using a 

IRF510 transistor. 
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FLQure 6.28 RTX User I,D Socket 
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6.11.2 Software CXlIlSiderati.als 

A carputer progranne was developed using FORTH to control the 

robot. A flow chart of the programne is shown in figure 6.30. The 

programne begins by initialising the user input/output port, port 0 

[ IPO] to output and port 1 [IP1] to input. The search sequence is 

then begun. The picker is llDved down one increment and the vertical 

position of the stack is checked. If the vertical position reaches 

the acceptable minimum position (at the bottan of the stack) then the 

picker is llDVed back to its initial position above the stack and 

waits for an acknowledgement signal to indicate that the stack has 

been replenished. 

As the picker searches down towards the stack, the state of the 

microswitch is continually checked until it is closed. When this 

occurs it indicates that the picker has been applied to the stack at 

a given pressure. The ply is then lifted slightly and 'shifted' 

across the stack to break any edge entanglements see figure 6.31. It 

is then llDved to the new position and the solenoid activated, causing 

the ply to be released fran the device. 

During the search routine when the ply has been found, the 

vertical position of the robot is recorded. '!he total number of 

pieces found is also incremented at this time. After the piece has 

been released fran the device, it is returned to the position where 

the last position was found, and the search routine begun fran this 

point. 'lllis procedure is repeated until the picker reaches its 

minimum acceptable position, in which case it is retumed to the top 

of the stack. The number of pieces found is checked at this point. If 
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the number exceeds or equals the recx:mnended number, the picker is 

ncved to a 'cleaning' position. After cleaning it is then returned to 

its initial position ready for the search routine to start over. A 

progranme listing is included in Appendix P. 
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F~gure 6.30 Flow Chart For Robot 
Control Programme 

INITIAlISE 
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ABOVE STACK 
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TO CLEAN POSITION 

YES f10VE TO 
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SOLENOID 
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COUNT t----~~ START POSITION t-------J 
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devl,ce 

top pLy end stop 

fabrl, c st ack -~~~-lili_~~l 
a) Top pLy of fabrLc Located 

i 
b) PLy LLfted sLLghtLy above stack 

c) PLy 'shLfted' to rLght 
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6.11.3 ~ticn of the adhesive pick-up device 

Sanples \-Jere cut fran cotton interlock knitted fabric and plain 

weave cotton fabric and placed together to simulate stacks of cut 

parts. The developnent of the system was carried out in parallel with 

the experimentation detailed in section 6.9. The object of the stUdy 

in this area was to simulate the principle of small parts handling 

using the developed pick-up device under robotic control. 

Plate 6.32 shows the carplete system carprising the robot and 

pick up device, along with the host carputer. Plate 6.33 shows the 

picker device positioned above the stack of parts ready to begin the 

search routine. In plate 6.34 the picker has located the top ply and 

it is shifted to aid efficient ply separation. Plate 6.35 shows the 

piece securely held by the prototype device, and plate 6.36 shows the 

device releasing the piece in the desired location. 

The recx:mrended number of sarrples to be picked up before 

cleaning was set to fifty, after which the picker was roved to the 

'clean' position. This number being determined on the basis of 

earlier experimental work. A number of test runs were made with the 

interlock fabric stack and the reliability was found to be in excess 

of 98%. 

Plate 6.37 shows the device handling woven sanples, the 

reliability of the device in handling these being of the sarre order 

as for interlock fabric. 

'!he system operating at 50% full speed, takes approxiIrately 45 

seconds to locate the top ply of fabric of a stack awroximately 55 nm 

high, with the prototype device positioned approximately 120 mn above 

452 



the stack. Once the first piece has been located, the cycle tine to 

pick up the ply and transfer it to a location approximately 250 nrn 

away is 17 seronds. 
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Plate 6 . 33 Pick-up Device Posjtioned Abov e Stack 



Plate 6 . 34 Robot ' Ply Shifting ' 



Pla t e 6 . 35 Pl Y Hc J d jn Pick-up D v i cc 
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Plate 6 . 36 Ply Released by Pick-up Device 
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6.12 Qmclusims arxl further work. 

6.12.1 Oonclusims 

The research undertaken in the autanated handling of fabrics 

has shown that pressure sensitive adhesives can be used successfully 

and reliably for separating and handling plies of fabric f~ a stack 

of cut parts. The use of pressure sensitive adhesives offers 

advantages over other fonns of fabric handling devices, discussed in 

section 6.2, in being able to oonsistently and reliably pick up a 

single ply of fabric at a t.iJne. This methcxi also provides positive 

location of the top ply of fabric in a stack of cut pieces. Other 

advantages in using adhesives include: 

(i) The ability to bond to a variety of materials, which may be 

dissimilar and of different thicknesses. 

(ii) Versatility of adhesive fonns and methods of application 

pemits their application to many fabric handling requirements . 

. (iii) Eoonanic and rapid. 

(iv) Uniform distribution of stresses over the entire bonded area. 

Analysis of three oammercial pressure sensitive adhesives 

(selotape, electrical insulating tape and masking tape) and one 

currently under developrent ('magnatac') has shown that a 

relationship between the force required to separate the fabric fran 

the adhesive and the number of separations exists. This relationship 
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being of the fom: 

Separation force = 1 

a. NUmber of" separationsk 

where I a I and I k I are constants. 

[area of adhesive used, time of contact, contact force, separation 

rate and type of fabric are all assumed constant]. 

The derived relationship can be used to detennine the 

performance characteristics of a particular pressure adhesive under 

certain operating rondi tions. The mnnber of times the adhesive can be 

used under these conditions with a particular fabric can therefore be 

predicted using this relationship. This allows maximum use to be made 

of the adhesive before it requires replacement. 

Further analysis, of the pressure sensitive tape currently 

under developnent, I magnatac I, has established relationships between 

a number of variables known to affect the adhesive to fabric bond 

strength. These relationships make it possible to predict the 

performance of a device using this particular adhesive . Analysis of 

this adhesive has shown that it will regain approximately 45 - 60% of 

its initial tack value upon cleaning, when used continually to pick 

up 100 plies of untreated cotton interlock fabric. This figure 

varying bebJeen 16% and 45%, if the adhesive surface is c:orrpletely 

inhibited with chalk dust or fine talc and then cleaned. The analysis 

also shows the method used in cleaning the adhesive influences the 

regained tack value. 
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A low-oost prototype device based on the use of I magnatac I has 

been developed, along with a robotic oontrol system. The prototype 

pick-up device, under robotic oontrol, can accurately and reliably 

(in eKcess of 98%) separate and handle pieces of fabric fram a stack 

of cut parts, transfer the piece to a new location and release it. 

The system operating at 50% full speed takes approximately 45 seconds 

to locate the top fabric of a stack approximately 55 mn high, with 

the prototype device positioned approximately 120 mn above the stack. 

once the first piece has been located the cycle time to pick up the 

ply and transfer it to a location approximately 250 mn away is 17 

seronds. 

6.12.2 '!he need for further TMDrk 

It has been shown that pressure sensitive adhesives can be used 

successfully in the aut:arated handling of fabrics. There are a number 

of areas which require further \>JOrk which the oonstraints of time 

have not pennitted, these being:-

(i) FUrther experimentation with different fabrics. 

(ii) Increased prototype pick up device reliability. 

(iii) Effect of fabric properties on fabric pick-Up. 

(iv) Detennination of pick up area and points for large fabric 

pieces. 
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(i) Further experimentation with different fabrics 

There is a need to carry out further experimentation, based on 

the procedures outlined in section 6.9, for the different type of 

fabric likely to be enoountered. rus \IJOuld establish performance 

characteristics for the adhesive with each type of fabric. The effect 

the types of fabric has on the variables can be detennined by 

equating the results obtained using the theoretical analysis shown in 

section 6.B. 

(ii) Increased prototyPe pick-up device reliability 

One of the main problems enoountered in developing the system 

for the autanated handling of fabric, was that there were instances 

when !TOre than one ply at a time was picked up by the device. This 

was caused by either (i) edge entanglerrent of the plies or (ii) 

attraction of the plies between the layers. There are a mnnber of 

methods which can be used to reduce or eliminate this occurrence. The 

one chosen in this particular study was to inoorporate a ' ply 

shifting' routine into the software c:x:>ntrol progranme, whereby the 

ply was lifted slightly and 'shifted' to enc:x:>urage single ply 

separation. 

Other methods of preventing multiply picking need further 

investigation to eliminate this problem. Alternatively a sarrple 

weight sensor c:x:>uld be inoorporated. into the device to detect for 

this, in which case pick-up \IJOuld be aborted. Additional transducers, 

sensors etc., \IJOuld however increase the basic price of the pick-up 

deVice and require a m:>re OCITplex c:x:>ntrol prograrrrre. 
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(iii) Effect of fabric properties on fabric pick-up 

The effect that the basic mechanical properties of the fabric 

have on the marmer in which the fabric is picked up need further 

investigation. This \«)uld require greater fundamental knowledge of 

the effect basic mechanical properties have on the fabrics 

performance characteristics, enabling the optimum pick-up arrangement 

for a particular fabric to be detennined. 

(iv) Detennination of pick-up areas and JX)ints for large pieces 

At present a system has been dellDnstrated that can pick up 

small samples of fabric fram a stack of cut pieces. The sample sizes 

are well within the holding capacity of the prototype pick-up device. 

Further research \«)uld need to be carried out to cietennine the ideal 

number and arrangement of the pick-up elements to achieve large 

fabric piece pick-up. 

In section 6.9 it has been shown that the theoretical maximum 

size of a fabric piece (of a particular weight) can be calculated for 

a given area of adhesive, applied at a given load, for a given t.i.rre. 

'lhis data can be used in reverse for detennining the area of adhesive 

required for picking up a piece of fabric of a given area. It would 

howeVer be necessary to detennine the optinrum placement of the pick

up elements on the fabric piece. 
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Chapter 7 

Summary of Conclusions and Further Work, 
Discussion and Commercial Applications 



7.1 Sunmary of CDlclusials 

In Chapter 3 a ooncept for an integrated system for garment 

manufacture is presented. unlike many of the proposed research 

programnes and those currently active, it proposes an intennediate 

awroach to intergrated gannent manufacture, based on human activity 

in the assanbly area. 

A number of key research areas have been identified which need 

to be addressed before such a proposed ooncept oould bea:rne a 

reality. The areas being: 

1. Oamputer-based generation of block patterns. 

2. AUtanated. fabric feeding to an industrial sewing nachine. 

3. AUtanated handling of fabrics and other flexible materials. 

Fundamental research has been carried out in each of the above 

areas, presented separately in Chapter 4, Chapter 5 and Chapter 6. A 

sunrnary of the oonclusions found in each area follows. 
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1. Qmp.rt:.er-based generatim of block pattems 

'!he research has shown that by using appropriate m:x:ielling 

techniques, it is p:>ssihle to create a +,eliable and oonsistent 

cx:rrputer-based system for the generation of basic garment pattern 

blocks. A cmputer-based system has subsequently been developed for 

achieving this. 

'!he system allows a designer to create an accurate garment 

pattern block on the visual display unit (VDU). This eli.mi.rUites the 

need for manual drafting of the pattern and further digitising or 

scanning to oonvert the pattern into numerical oo-ordinate 

information necessary for oamputer-based pattern design systems. 

'!he system uses 'parametric' (macro) programning techniques, 

storing all instructions required for drafting the pattern in 

variable fonn. This eliminates the need for grading, as the 

'parametric' retrieves all the necessary sizes fram stored size 

charts or prarpts for the relevant personal measurements before 

constructing the pattern. '!his technique ensures 100% repeatability 

when the same size block is drafted. 

Gec:lnetric nodelling techniques, for sane c:x:mron curves found on 

patterns, have been developed for use with the system. This allows 

accurate and cxmsistent curve profiles to be produced. autanaticall y , 

without the need for inaccurate sketching techniques. 
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2. AutaIBt:ed fabric feeding to an industrial sewing madrlne 

A lCM-cost system for controlling the edge of a piece of fabric 

being fed through an industrial sewing has been developed. The system 

uses a CXllpUter to direct a positioning device, controlling the 

fabric being fed into the machine. The edge of the fabric is 

continually nonitored using infra-red emitters and phototransistors. 

Any deviation fran the desired path causes a corrective signal to be 

issued to the positioning device controlling the fabric. 

The system developed dem:mstrates that the principle of 

CXJtputer-based fabric edge control is technically feasible. Using 

software oontrol techniques it is possible to produce a number of 

consistent seams on fabric sanples, to specified widths. 

The sarrples produced on the prototype machine, have been 

cx::rrpa.red with those produced by experienced and inexperienced sewing 

machine operators. '!his has shown that the range in seam deviation is 

less than that which can be achieved by an experienced or 

inexperienced operator. It has also shown that accurate and 

oonsistent seams can be prcx:iuced on the prototype machine. 

A new I top feed I feeding mechanism for an industrial sewing 

machine has also been developed, and incorporated into the system. 

This mechanism has been designed to facilitate efficient multi-ply 

feeding. 
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3. AJ.It.atBted harKlling of fabrics and other flexible materials 

FUndamental research into the use of pressure-sensitive 

adhesives for handling fabrics has been undertaken. Analysis of three 

oammercial pressure-sensitive adhesives and one new adhesive 

currently undergoing site testing has shown that a relationship 

exists between the force required to separate fabric from a pressure

sensitive adhesive and the number of times it is separated. This 

relationship can be used to pr~ct the performance characteristics 

of a pressure~sensitive adhesive under certain operating conditions. 

A low-cost fabric handling device has been developed, based on 

the use of the new pressure-sensitive adhesive. This particular 

adhesive having the ability to regain approximately 45 - 60% of its 

initial 'tack' upon cleaning. 

A robotic control system has also been developed to control the 

prototype fabric handling device. The device, under robotic control 

can accurately and reliably separate (in excess of 98%) and -handle 

pieces of fabric fran a stack of cut parts, transfer the piece to a 

new location and release it. 
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7.2 StmIIIaIy of further work 

Further lNOrk in each area of study has been identified at the 

end of Chapters 4, 5 and 6. The follO'#ling is a slll'!'lTaJ:Y of the 

potential for further research identified in these chapters. 

1. catprter-based generation of block patterns 

(i) Further development of system 

In order to fully develop the c:x::rcputer-based system for the 

generation of block patterns, a number of other blocks carmon to 

\\UV~ and knitted pattern making need to be investigated and adapted 

for use with this system. 

(ii) Interfacing the system to cxmnercial c:atputer-based systems 

There is a need to interface the developed system with a 

cxmnercial system for gannent pattern design. '!his will allow the 

developed system to be used alongside conventional and oamputer aided 

systems for gannent pattern design. 

2. Autanated fabric feeding to an .irdlstrial sewing madUne 

~ i) Increased contour seaming capabilities 

The nature of the seam produced on the prototype machine is 

cpverned by the physical positioning of the sensors relative to the 

needle. Alternative methods of positioning the sensing devices closer 

to the point of stitching need further investigation. rus will 

irrprove the quality of oontoured seams produced. 

469 



(il) Greater fabric rontrol 

Methods are required for rontrolling larger pieces of fabric 

being fed into the prototype nachine. This will eliminate the problem 

of inrorrect fabric feeding. 

(iii) Increased sensor resolution 

The present arrangement of infra-red emitte~s and 

phototransistors gives a seam width resolution of 3.5 ntn. Further 

studies require to be undertaken to reduce the seam width resolution. 

{iv) Multi-plY fabric control 

The systen has been cierronstrated for producing specific widths 

of seam on llUlltiple plies of fabric in which the edges are aligned. 

In. order to extend the capabilities of the prototype, rrethods for 

llDnitoring and positioning the individual plies of fabric during 

multi-ply feeding require further investigation. 

3. Autanated haOOling of fabrics aId ather flexible materials 

(i) Further experilrentation with different fabrics 

There is a need for further experilrentation with different 

types and finish of fabric. This would establish perfonnance 

characteristics for adhesive pick-up devices with each type of 

fabric. 

(il) Increased pick-up device reliability 

Methods· of preventing instances of llUllti-ply pick-up require 
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further investigation. '!his being achieved by either software oontrol 

or hardware design. 

(iii) Effect of fabric properties on fabric pick-up 

The effect that the basic mechanical properties of the fabric 

have on the manner in which the fabric is picked up require further 

investigation. 

(iv) Detennination of pick-up areas and p:>ints for large 

pieces 

The detennination of the areas of adhesives required for 

picking up large pieces of fabric requires further investigation, 

along with the optimum arrangement and placerrent on the fabric piece 

for efficient pick-up. 
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7.3 Discussioo 

'!he U. K. clothing industIy has for a number of years been 

facing many problems, largely associated with the increasing numbers 

of inports fran the developing countries, and the fact that the 

industIy is labour intensive with a high rate of labour turnover. '!he 

U.K. clothing industIy along with those of the other industrialised 

coW'ltries, are seeking to iIrprove their CCI'Ipetitiveness in World 

markets, by autanating many of the production processes. This is 

being done in a bid to decrease the expensive labour requirement and 

make the industry IlDre capital-intensive. 

'!he extent to which the industrialised coW'ltries are tackling 

the automation issue differ considerably, fram a conceptualised 

system approach (FIGARMA) through ~ a sophisticated hardware 

awroach (MITI). Research in this area is IlDVing very rapidly as many 

research organisations in the developed countries have recngnised the 

potential for a c:x::rrputer-integrated gannent manufacturing system. 

'!his particular project has sought to research a number of 

areas viewed as being key factors which need to be addressed before 

the concept of a CClTputer-integrated gannent manufacturing system 

can becxIne a reality. rrbe aims and philosophies of the undertaking 

have been to develop low-cost systans in which the human operator 

still has a valuable and worthwhile role to play in gannent 

manufacture. 

There are those who believe that the dream of producing a 

CXIlPlete gannent using robots and au'tcmated machinery is well within 
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the realms of possibility. Robotic sewing has indeed been 

denDnstrated but as yet the systems have not even awroached 

emulating the skills of a human operator. '!he oost of achieving this 

aim is likely to dissuade their acceptance by the under-financed U.K. 

clothing industry. 

It is likely therefore that the human operator will oontinue, 

at least in the near to mid-tenn future, to feature as an inportant 

elarent in gannent manufacture. '!he nature of the raw material -

fabric, is such that it presents many technical problems in 

developing autanated systems for garment manufacture. 

'!he aim of the research has been to inoorporate a:rrputers/ 

robotics into areas of garment manufacture which are best suited 

to their introduction. leaving the nore cxxrplex areas, such as 

creative intuition, three dimensional fabric manipulation etc., for 

human operator oontrol. Although certain tasks have been left for 

human operator oontrol, cx:rrputers or robotics can still be used to 

aid the operator in producing high quality consistent gannents. 

nus research project has cx:>vered particular aspects 

encx:Jtpassing the process of gannent manufacture, fran pattern design 

through to fabric handling and seaming. The next stage would have 

been the integration of these various areas along the lines proposed 

in Chapter 3. Financial resources and t.ilre constraints i.np:>sed on 

this project would not however, pennit this. It is hoped that the 

research undertaken will be taken further with a view to achieving 

this aim. 
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7.4 cammcial awlicatians 

This sub-section outlines the steps which have been taken in 

order to attract cx:mnercial interest in the research areas 

undertaken . 

Catputer-based generation of gannent pattern blocks 

The developed system has been demonstrated to representatives 

of a rna jor European manufacturer of carputer-based pattern making 

systems - I.ectra Systems Ltd. They have expressed their interest in 

the develotmmt, and further action is awaited (see Appendix Q). 

AUt.cmited fabric feeding to an industrial sewing machine 

The industrial rollaborators of this research project, 

Rockwell-RinDldi (GB) Ltd., have made an assessment of the system, 

see Appendix Q. Their assessment has shown that although it -is 

technically viable, further developnent needs to be undertaken in 

order to make it cx:mrercially viable. Further develcpnent centres 

mainly on the areas of further work highlighted at the end of 

Chapter 5, particular enphasis being placed on the need for greater 

fabric cx:mtrol during feeding. 

Autanated handling of fabrics and other flexible materials 

The research undertaken in this area and the subsequent 

developnent of a prototype pick-up device using the principle of 

tenpOrary adhesion of the fabric, has led to interest by the 
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Department of Trade and Industry (DrI). The DrI were awroached for 

funding under their Small Finn Merit Award for research and 

technology (SMART) scheme, to allow further research to be carried on 

the project. An award of 1:.37,500 has subsequently been made by the 

DrI under this scheme, enabling the developer of the adhesive and the 

author to establish a business to exploit the use of the developed 

adhesive in the process of robotic fabric handling. 
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Appendices 



~A 

stama:rd Industrial Classification (SIC) 

This groups together econanic activities to fom industries. 

The first cx:rrprehensive (SIC) was in 1948 which was later revised in 

1958 and 1968 to take accx:>unt of the changes in the organisation and 

relative inportance of a number of industries, also to take acoount 

of new industries. The principal.objective of the 1980 revision was 

to examine and eliminate differences fran the other European 

statistical offices such as the statistical office o~ the European 

cammunities (SOEC) and the 'NOmenclature Generale des Activities 

Econc:miques dans les a:mnunautes Europeennes' (NACE). 

The 1980 Standard Industrial Classification (SIC) has a decimal 

structure. The full range of activities are divided into 10 divisions 

(0-9). Divisions are sub-divided into classes (2nd digit). Classes 

are sub-divided into groups (3rd digit). Groups into activit:ies (4th 

digit) . 

There are 10 divisions, 60 classes, 222 groups and 334 

activities. 

Activities associated with clothing and making-up are found in 

division 4. The relevant classes, groups and activities are shown 

over. 
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Division 4 :- other Manufacturing Industries 

Class 

43 Textile Industry 

Group 

436 Hosiery and other knitted g:xx:is 

Activity 

4363 Hosiery and other weft knitted g:xx:is and fabrics. 

45 Footwear and Clothing Industries 

451 Footwear 

4510 Footwear 

453 Clothing, Hats and Gloves 

4531 Weatherproof outerwear 

4532 Men's and boy's tailored outerwear 

4533 Women's and girl's tailored outerwear 

4534 Work clothing and men's and boy's jeans 

4535 Men's and boy's shirts, underwear and nightwear 

4536 Women's and girl's light outerwear, lingerie 

and infants wear 

4537 Hats, caps and millinery 

4538 Gloves 

4539 Other dress Industries. 
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~B 

C'ase Study 

In the united States, the clothing industry is faced with 

similar problems as the U.K. clothing industry, that of low-cost, 

high-volume inports undennining the hate produced g::x:x:ls. Due to this 

c:x:JlIletition three streams of activity are emerging:-(i) investrrent in 

low cost labour areas (far east, 807 countries), (ii) higher 

teclmology investigation (Europe, U. S., Japan), and (iii) Investrrent 

in higher teclmology. 

It is this first area that is at present attracting many U. S • 

clothing manufacturers with so called "Off-shore" or "Outward

processing" manufacturing plants where they make use of the lower 

costs and reduced overheads to be found in many overseas developing 

oountries. The exanple below illustrates how reducing labour costs in 

conjunction with lower cost (or used) equipnent can create a 

significant price edge. 

Labour 

Material 

overhead 

U. s. Prcxiuct 

$ 6.00 

8.00 

10.00 

$ 24.00 

100% 

* Allows for lower productivity 

Asian Product 

$ 0.45 * 

8.00 

5.00 ** 

30% Frt/DUties 4.04 

$ 17.49 

73% 

** Allows .for accelerated depreciation and same u.s. 
administration costs. 
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In addition to low cost labour, many overseas or 807 

locations may offer inducements to relocate, such as tax benefits or 

low cost buildings on favourable tenns. The above exanple shows that 

even taking into account the duties inposed on using overseas 

locations the product can still be produced at three quarters of the 

cost of aU. S. product. 

In a situation where a company finds its business growing, 

it may hypothetically be faced with the option of establishing a 500 

operator plant using the latest equipnent available, or roving into a 

foreign trade zone and using second hand equipnent with a lower level 

of labour productivity. 

Land 

Building 

Equipnent 

oamputer Activity 

Investment 

Estimated Annual 

~rator Payroll 

u.s. 

$ 535,000 

2,000,000 

2,750,000 

(550 machines) 

1,000,000 

$ 6,285,000 

100% 

$ 6,240,000 

OVerseas 

99 Year lease @ 

$500 per year 

$ 255,000 

1,500,000 

(1500 machines) 

° 
$ 1,755,000 

27.9% 

$ 608,400 

(Excludes Fringes) (Includes Fringes 

- Sri Lanka) 

100% 9.8% 
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The above cx::rrparison shows that the capital investment in 

the u.s. is approximately double that overseas. The operating capital 

requirement is approximately ten times higher for the U. S. than for 

overseas .. At current interest rates, these differences may be ITOre 

significant than just the labour oosts. 

Many U. S. apparel firms use the 807 Tariff oonvention to reduce 

control problems and inprove turnaround time. They may cut gannents 

in the U. S., sew in the caribbean area and finish the product. in the 

1 U.S. 

Reference 

(1) McPHERSON E M, "Corporate Planning Issues -Apparel Options". In 

BERKSTRESSER III G A, BUCHANAN D R, "Autanation and Robotics in the 

TeXtile and Apparel Industries", Noyes Publications, NJ USA, 1986, pp 

231-242. 

480 



~c 

Classification of Irdlstri.al RdDts 

A. Manual A manipulator which is operated by human 
manipulator beings. 

B. Fixed A manipulator which perfonns a plurality 
sequence of steps of IlOtion one after another in 
robot accordance with the predetennined order, 

conditions and positions which are not 
easy to change. 

c. Variable· A manipulation which perfonns a plurality 
sequence of steps of IlOtioh one after another in 
robot accordance with the predetennined order, 

conditions and position which are easy to 
change. 

D. Play back A manipulation which memorises the order 
robot of lNOrk, positions and other infonnation 

taught by nan operating it for a first 
cycle of lNOrk and repeats the work by 
playing back the infonnation. 

E. Numerical A manipulator which works in accordance 
control with the numerical instructions 
robot representing the order or work positions 

and other information. 

F. Intelligent A robot which has the functions of 
robot feeling and recognition and makes a 

decision for action for itself. 

Note: 

The manipulator is an apparatus which can hold an object and 

rove it in space [as the forelimb of hUIIeIl beings does], and which 

holds it by gripping or attraction. 
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~D 

MeutJers of the TedlrDlogy Research Association 

Aut:cmrt.ed Sewing System ('lRAASS) 

Aisin Seiki Co. Ltd. 
ABahi Chemical Industry Co. Ltd. 
ABics Corp. 
Kind Wear Corp. 
Kao" Corp. 
Kashijania & Co. Ltd. 
Kayaba Industry Co. Ltd. 
Kimuratan Co. Ltd. 
Ginza Yarragataya Co. Ltd. 
Sanyo Shokai Ltd. 
Daiwa Dyeing Co. Ltd. 
Tsuyakin Kogyo Co. Ltd. 
'!bkyo Juki Industrial Co. Ltd. 
'Ibyarra Goldwin Inc. 
'!byo Electric MFG Co. Ltd. 
'!byobo Co. Ltd. 
'!bray Industries Inc. 
Nippon Kayaka Co. Ltd. 
Japan Vilene Co. Ltd. 
Hitachi Ltd. 
Brother Industries Ltd. 
Pegasus Sewing Machine MFG Co. Ltd. 
Renown Inc • 

. Matasushita Electric Industrial Ltd. 
Mitsubishi electric Corp. 
Yarrato Sewing Machine MFG Co. Ltd. 
waroal Corp. 

Textile Industry Rationalization Agency 
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JWerdix E 

1986 Spcmsors of ('R:)2 

AWarel AutalBtion Researd1 arxl Develqment 

Labour Union 

• Amalgamated Clothing and Textile Workers Union (AC'IWU) 

Textiles 

Alice Mfg. Co. 
American & Efird Mills 
Atlas Yarn Co. 
Brawer Bros. 

• Burlington Industries 
• Collins & Aikman Corp. 

Cone Mills Corp. 
FAB Industries 
Glen Raven Mills 
Macfield Texturing 

• Milliken & Co. 
National Spinning Co. 
Parkdale Mills 
Reeves Brothers 

• Russel Corp. 
• J.P Stevens & Co. 

Swift Textiles 
United Yarn Products Co. 

Apparel 

The Fechheimer Brothers Co. 
• Grief catpanies, Div. of Genesco 
• Hartmarx Corp. 

The Joseph & Feiss Co. 
• Palm Beach Inc. 
• surgikos, a Johnson & Johnson Co. 

West Mills Clothes. 

Dyes and Chemicals 

AnDCO Chemicals Corp. 
Badische Corp. 
BASF Wyancbte Corp. 
Buffalo Color Group 
Ciba - Geigy Corp. 
CLaupton & Knowles Corp., 

Dyes and Chemical Di v. 
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ICI Americas 
M:>bay Chemical Corp. 
sandoz 
union carbide Corp. 

Paper 

Dillard Paper Co. 
Star Paper Tube 

Fibres 

Allied Corp. 
American enka Co. 
Autex Fibre 

* Celanese Fibre Operations 
* El du Pont de Nenours & Co. 

Eastman chemical Products 
M:>nsanto Co. 
PPG Industries 

Eguiprent 

American Ibmier Machinery Corp. 
American Schlafhorst Co. 
Gaston County Dyeing Machine Co. 
Kieltex Corp. 
M:>rrison Textile Machinery Co. 
Saurer Corp. Textile Machinery Co. 
Steel Heddle Mfg. Co. 
Stork Screens America. 

Banking 

NCNB Corp. 
Wachovia Bankand Trust Co. 

Others 

American Sheep Producers Council 
Cotton Foundation 
Cotton Inc. 
Daniel International Corp. 
National Cotton Council 

* u.S Dept of Ccmnerce 

* original Participants. 
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AJ:pmdix F 

Use of a:uprt:ers in pattem making sw:vey 

Sap! of the survey 

The major objective of the survey was to make an assessment of 

the level to which CXJ'!'Puters are currently being utilised as aid to 

pattern making in the clothing industry. The sw:vey was limited to 

c:x:IlPBIlies operating in Leicestershire, as it was felt that sane 

useful indications of general working practices could be obtained. 

A recent sw:vey carried out at Trent Polytecimic(l) has looked 

in detail at the application of new technology to the clothing 

industries of the East Midlands. This sw:vey does however have 

different principal aims and covers a larger geographical area 

including Derby, Nottingham and Leicester. The sw:vey covers 

assessment of CXJ'!'Puter aided design (CAD) and CXJ'!'Puter aided 

manufacture (CAM) in a wide range of clothing manufacturing 

cx:arpanies • 

The present sw:vey is nore specific and was defined as "The use 

of cx:JTPuters in pattern making", 484 CXl1paI1i.es in Leicestershire 

connected in sate way to the clothing industry were selected for 

survey. No atteopt was made to classify the CXl1paI1i.es in tenns of 

sector of the industry or type of products manufactured, as it was 

felt that carpanies not specifically involved in pattem making would 

either indicate so or fail to reply. No attelrpt has also been made to 

classify the carpanies involved in tenns of size (annual turnover or 

nunber of enployees). '!his was not oonsidered necessary as it was a 
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particular practice ie pattern design/ making that was of major 

interest. 

Sped fic itet:wd used 

A postal questionnaire was used to gather the specific 

infonnation required fran the large number of scattered sources, it 

was used for: 

(1) Assessing the rrethods currently and previously being . 

used in making pattern. 

(2) Making a minor assessrrent of the use of oamputers in 

this activity. 

A pilot questionnaire was prepared and tested to refine the 

final postal questionnaire. 

This survey in no way sets out to be a statistical record of 

the use of canputers in I.eicestershire clothing cx:xrpanies. Rather it 

is a rreans of looking at the methods currently being used in pattern 

making and atterrpting to determine the extent to which new 

technology, in particular canputer aided design (CAD) systems, is 

being incorporated and utilised in the industry. 

SUIvey fiDtings 

RespOOSe 

A total of 71 replies were received fran the 484 sent (a 14. 67% 

response). Sane sources(2) indicate that a response of 11% is very 

486 



9Xrl and suggest a strong interest in the survey. This is qualified 

by OfpWleiro ( 3) who states that mail questionnaires suffer from the 

disadvantage of producing a very poor resp:>nse. Soott ( 4) covers the 

subject of mail questionnaires in greater detail. 

POssible reasons for low response 

( 1 ) A starrp was not included on the self addressed envelope. 

(2) Hosiery manufacturing were included in the survey hence 

much of the tenninology would have been meaningless. 

(3) The choice of title 'Use of cxxrputers •• ' may have put 

off many people. 

( 4 ) WOrk demmds at the time. 

SUIVey findings mt awlicable 

Of the 71 replies received 50 (70.4%) felt that the 

questionnaire was not applicable to their particular c:::x:JTpaIly. A 

break-down of the replies revealed that:-

18 (36%) were knitwear CXIlpIDies who manufactured body blanks or 

fully fashioned knitwear, or were cammission knitters. 

23 (46%) were hosiery or other CXIlpIDies in no way oonnected with 

pattern designing or making. 

9 ( 18%) offered no explanation or sitrply stated that they do not use 

CXJlPUters. 

SUIVey findings awlicable 

The survey showed that in answer to the first question of what 

methods are used for creating a block pattern fran scratch, 20 out of 
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21 (95%) stated that manual techniques of drafting were being used 

and that present practice is much the same as previous practice. Only 

one respondent said a computer was now being used where previously 

the job had been carried out manually. 

Only one respondent stated that drafting aids such as 

'Flexicurves', 'Patternmasters', 'Varyfonn curves', etc. I were 

regularly used,S (23.8%) stated that they used them occasionally and 

the remainder (71.4%) stated they were never used. 

All respondents stated that they were not aware of any rrethods 

which involved calculations for drawing curves on pattern blocks. 

Questions 5 & 6 were designed to quickly detennine how many 

catpanies were using cqrputers in pattern making. When asked if a 

CXJtputer system was. being used in the pattern making process, 6 

(28.6%) said that one was now being used. All those that were using a 

cx:::ItPuter system stated that patterns were first created manually 

before being digitised/ scanned into the computer system. Also, all 

stated that a manual rrethod was used because it had always been done 

that way. One respondent (who was not using a oamputer system) stated 

that he thought the rrethod of drafting was nore accurate than a 

CXJYPUter. 

18 (85.7%) respondents did not adopt any standard method for 

drafting pattern blocks and 17 (80.9%) did not consult any fonn of 

literature when draughting pattern blocks. Conclusion 

Fran the survey findings it was clear the vast majority of 

pattern cutters and designers sanpled construct patterns using 

traditional techniques of Jrodelling on work stands or point paper 
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drafting. Those who have access to a CXIlpUter system, still prepare 

the pattern manually before it is converted to CClIputerised graphical 

infonnation. The reasons for this practioe are many, one of the main 

reasons may be pattern cutting and designing is still very much 

regarded as being a craft aspect of the manufacturing process. The 

pattern designer uses personal experience and knowledge to create 

patterns which, only when the final draft has been carpleted, will 

then be digitised into the cx:rtputer system, if one is available. 

Many pattern cutters appear to be unaware of the cx:mrercial 

availability of carputer aided design software packages, many running 

on relatively inexpensive micro- CXlTputers, and instead prefer to 

\tJOrk on paper using the traditional tools of the trade. One of the 

main drawbacks with carputer aided system for designing appears to be 

the problem of scale. }-bst patterns are developed full size where the 

pattern cutter can easily visualise the finished gannent. The graphic 

display units of many computer systems are relatively small in size 

and designers can lose the 'feel' for a garment on a much reduced 

scale. 

Many useful cxmnents were received fran respondents, one stated 

that if a carputerised system was used "the job of pattern cutting 

\tJOuld lose the skill element and becane a ItDnotonous, tiring job". A 

view not endorsed by the author. 

On a ItDre positive note many respondents said that they 'WOuld 

be happy to carry out their job on a carputer, the proviso being that 

proper training on such systems was received. 

The views outlined above are further echoed in the survey 
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carried out by Trent Polyteclmic( 1) which states: 

References 

" ... Pattern cutting has been available for sanetime on 
the production systems, but very few cx:::Jtpanies, 
including those who have the software, have made use 
of it even for their production patterns. The 
designers have not 1 The fu.ndanental gap between the 
graphics and construction of a first sanple was 
identified in earlier research at Trent Polytechnic, 
this gap was seen as one element in the alienation of 
designers ..•.. ". 

(1) TRENT POLYTEOiNIC, Dept. of Fashion, "How knowledge of new 

technology can be made available to the clothing industry", !.Dcal 

collaborative project No 703, 1986. 

(2) MURRAY, "Stitchless joining for apparel", KSA report, p.5. 

(3) OPPENHEIM A N, IlQuestionnaire design and attitude measurement", 

Heinmahn Educational Books Ltd. ISBN 0435 826751, 1972. 

(4) SCXYIT C, "Research on mail surveys", Journal of Royal statistical 

society, XX pt.2 pp 143-187, 1961. 
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Leicester Polytechnic 
P.o. Box 143, Leicester LE1 9BH, telephone 0533-551551 

Hlld of Design Section, School of Textile· 

8t Knitwear Technology 

Head: Dennil Munden, SSC, FTI 
Prof-.or of Tlxtlll Technology 

F.H.C."onl,CEng,MI~hE.FTI 
Prof-.or of Knlttinll Enlllnllrlnil 

dl'l 
January, 1988 

I •• writing to your co.pany to ask for assistance with sa.e research that 
•• being carried out into the use of co.puters in the making of patterns in 
the clothing industry. The research is for a Ph.D. project concerning 
.uto.ation and computers in the industry, which il being sponlored by the 
Dr.pers' Co.plny, London. 

Enclosed is a questionnaire that has been designed to ascertain the level 
to which computers are currently being used in the .aking of patterns. 
I would be extre.ely grateful if you could circulate this to the person/s 
responsible for pattern making within your co.pany and ask them to complete 
it ,1 fully as pOSSible, adding any co •• ents they feel necessary .bout the 
u.. of computers or about the questionnaire itself. If .ore than one 
plrlon is involved, please photocopy the questionnaire and 15k lach 
IndividulI to complete a separate one. 

I hive .lso enclosed an addressed envelope for the return of the 
questionnaire. The results of this survey will be very i.portant and will 
be used only in cDnnection with the reslarch which is being c.rried out It 
the Polytechnic. 

J th.nk you in anticipation of your kind assist.nce Ind hope to receive 
your reply shortly. If there are any queries concerning the questionnaire, 
pl.lse do not hesit.te to contact ." .y telephone extlnsion is 2253. 

Yours si ncerel y, 

"icha.l K. Hall, B.Sc., 
Res.arch Assistant. 

4<\\ 



Use of CkIIpJters in Pattem Making ()Jestiamaire 

Name •••••••••••••••••••••••• Cbmpany ................................... 
Position ••••••••••••••••••••••••• 

1) What methods do you use for creating a block pattern fran scratch ? 

i) presently •• 

ii) previously ••• 

2) For draftinJ curves, how widely do you use aids such as : - flexicurves, 
'Patternmaster', 'Varyform' curves, etc.? 

Very often 
: occasiooally 

Never 

3) Do you use any other method for drawing curves ? 

Yes •••• which 

No 

4) Are you aware of any methods which involve calculations for drawing 
curves on pattern blocks ? 

Yes •••• which 

No 

5) Do you create basic blocks on the screen without digitizing 
or scanning ? 

yes •••• how? 

No 

6) Do you use your catplter system primarily for generating patterns which 
have been drafted manually an:} then digitized / seamed ? 

Yes 
No •••• explain 



7) If a manual system of drafting is used why is it preferred ? 

Mxe accurate than CCIIplter 
- Always been done that way 
- other •••• explain 

8) Do you adopt a standard nethod for drafting blocks ? 

Yes ••• which 

No 

9) Do you consult any literature when drafting blocks ? 

Yes ••• which 

No 

10) Do you keep basic pattern blocks in an archive fom in the canputer ? 

Yes 
No 

11) Would you be happy to carry out your job using ally a canputer ? 

Yes 

No ••••• why ? 

12) Do you use CC%Iplters in any other aspect of your job ? 

Yes ••••• how ? 

No 

Prepared by: Michael Hall BSc, Research Assistant, 
Leicester Polytechnic January 1988 



GTART 1~3.1 
REM * PARAMETRIC SYMBOL TO FIT A CONTINUOUS * 
REM * CURVE TO GARMENT PATTERN PIECES * 
REM * PAR. SYMBOL NAME : CRV.PR * 
REM * (C) MICHAEL K HALL * 
REM * CREATED 30 MAY 1987 * 
REM * * * * * * * * * * * * * * * * * * * * * 
.)(. START 
F'R HNTER WIDTH 
ST/N C 
PR ENTER OVERALL HEIGHT 
ST/N D 
PR ENTER CURVE DEPTH 
sr/N R 
PR ENTER TOP WIDTH 
ST/N M 
* CALes 
I'IEl 
1'1::: ~3 
LET F ::: + ::H·l) 
LET N:::l)--F 
LET .J ::: :J. + l:)1<·F, 
LET H=(J+R)*SIN(41) 
LET P =(J+R)*COS(41) 
LET z=P-C 
IFCZ.GE.O)GOTO START 
REM * FIRST RAD 
LET E:::C-«J+R) *COS(41» 
LET Rl=(H**2+E**2-J**2)/(2*(H-J» 
LET GA=ARCTANCE/(Rl-H» 
LET Xl=C-CR1*SINCGA» 
LET Yl = ~l-(Rl*COS(GA» 
LET G,~2 ='GA/2 
LET X4 =C-(R l*S I NCGA2» 
LET '(4 = Rrl·- C R l ')('CDS C GA2) ) 
Fi:f:WI 1(·f.>I:~COI'ID · F,AD 
LET R2 =(P**2+(F- H)**2-J**2) / (2*(P-J» 
LET AL=ARCTANC(F-H)/(R2-P» 
LET X2=R2-CR2*COS (AL» 
LET '(2 =F-CR2*S I N(AL» 
LET tIL2:::AI../L.~ 
LET X5=R2-(R2*COS CAL2» 
LET Y~}.::: F ·· (f~'.~~(. ~:) :i: "I U·)I .. '~) ) 
REM * I'IIDPOINT 
LET X:3::: R*COS ( 4.1. ) 
LET )'3=R*EHI'1 C 41 ) 
Fd;:Ivl 0)(. CURVE PLOT .)(. 
f-A2 
:rl~/C 
L 'I" .~ 
1.1,12 
X::: O I Y":O 
x=c,." ::: () 
AC 
x,..: 0 1)'::: 0 

x::: o, )'::: F 

I~ 1'1 
LN~3 
x ::: () , Y ::: F 
x::X5, '( ~: ),5 ·-f-· 
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-
~ - . 

X=X2-X5,Y=Y2-Y5 
X = X3-X2,Y ~Y3- Y2 
X=Xl-X3,Y=Yl-Y3 
X=X4 - Xl,Y =Y4 - Yl 
X=C-X4,Y =- Y4 
AC 
LT2 
LN5 
X=O,Y =O 
X=R,Y=O 
A=90 
LN2 
X=o,Y=F 
X=O,Y=N 
AC 
X=O,Y=D 
X=M,Y =O 
AC 
LTl 
LN3 
X=O,Y=F 
X=O.25*M,Y =NJ2 
X=M-(O.25*M),Y =N/2 
AC 
*AGAIN 
PR MORE (Y/N) 
ST/T ANS 
IF<ANS.EQ./Y/) GOTO START 
* FINISH 
END 
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START/3.1 
i:;;r:l"1 oj~ F;'ARAMETf~ J C £';YI"IBOL TO COr-ISTr-<UCT -if 

REM * BASIC CASUAL JACKET BLOCK - BODY * 
REM * 9 STANDARD SIZES AVAILABLE * 
REM * SYMBOL NAME - BCJ.PAR * 
REM * (C) MICHAEL HALL 1987 * 
REM * CREATED 12 MAY 1987 * 
REI"! 
I"Elvl T I'I'I..E 
PR BASIC CASUAL JACKET BLOCK - VERSION 1.1 
PR STANDARD SIZES AVAILABLE - 88 92 96 100 104 108 112 116 120 
REM TURN PROMPTS orF 
FA 29 .. 
REM CREATE ANOTHER VIEW 
VS16 
1'1:::2 
AC 
1,1 ~: j, / :1. 
REM 
FA~:) 

FA:1.3 
IvlEl 

'" ::: :i~ 
REM SET PROMPTS ~o NOVICE 
FA 2'1' 
*BEGII'" 
F<EIYI .)~ F'ROIYIF'T um:·:F< Fm< ~3IZE~:; -)(. 
PR IS CHEST SIZE STANDARD (Y OR N) 
t;'X'/'I' ~11'H3 
IF(ANS.EO./N/) GOTa SPECIAL 
BEM SET CHECK FOR LEGAL STANDARD SIZE 
LET I.,G ::: :1. , 
PR ENTER~ CHEST SIZE (CM) 
ST/N CS 
IFCCS.EQ~88) PCALL CHSBB.PAR 
IF(CS.EO~92) PCALL CHS92.PAR 
IFCCS.EO.96) PCALLCHS96.PAR 
IFCCS.E.9. 100 ) PCALL CHS100.P(.IF< 
IFCCS.EO.l04) PCALL CHS104.PAR 
IF(CS.EO.l0S) ·PCALL CHS108.PAR 
IFCCS.SO.112) · PCALL CHS112.F'AR 
IF(CS.EO.116) PCALL CHS116.PAR 
IF<CS.EQ.120) PCALL CHS120.PAR 
IF(LC.EQ.l) COTO ILLEGAL 
GOTO DRAW 
.* I I..LEGAI.. 
PR ILLEGAL STANDARD SIZE INPUT - TRY AGAIN 
GOTO BEGIN 
·x-SPECIAI., 
PR ENTER CHEST SIZE (eM) 
ST/N CHS 
PR ENTER SeYE DEPTH (eM) 
ST/N SCD 
Pf~ EI,rrEr.;: I"ATUF~AL WAIST LENGTH ( e IYl) 

ST/N NWL 
PR ENTER NECK SIZE (eM) 
ST/N N~3 
PR ENTER HALF BACK (eM) 
ST/N Hr-< 
PR ENTER JACKET LENGTH (eM) 
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ST/N ,.11. 
PR ENTER SLEEVE LENGTH (eM) 
ST/N 81.0 
*DRAW 
TLET NAME = MEAST(USER) 
TLET DATE ::: MEAST(DATE) 
TLET DNAME = MEAST(NAME) 
REM SET PROMPTS TO EXPERT 
FA29 
REM TITLE OF BLOCK 
TE10 
TE21 
N:::O 
TE5 
TE29 
TE1S 
X=l,'(:::3 
T=/DRAWN - /+NAME 
T=I DATE - /+DATE 
TF.::J.6 
TEl7 
X=l'I, Y= :I. 
T=/DRAWING FILENAME - /+DNAME 
TE30 
TEb 
TE18 
X :: 6(), Y:::~}() 
T=I * VIEW 1 * BASIC CASUAL JACKET BLOCK - BODY SECTION/ 
T=/CHEST SIZE (eM) - I+CHS 
AC 
~EM RESET PROMPTS TO NOVICE 
FA29 '. 
'fE15 
TF.:9 
LT', 
L"I:J. x:=(), '(:::~> 
X::: 17 , '( ~:,() 

X~:(), Y"~ -~) 
REIYI * VAFn Af{I .. r:t) FOR REPEAT D :£I'II'IS. .~ 
LET QA= (,.TL+l) 
LET OB =(.5*CHS)+7.5 
LET QC = ( • ~~*' I"S ) ... :l 
LET (U>= scn+3 
LET QE=(.3333*CHS) .... 5 
LET OF=(.25*NS)-2 
LET QG=(.25*NS)-1.5 
LET t~H~~Hn+2 
LET QJ:::(QH+CCQE-QH)/2)+1) 
REM * DRAW BASIC BLOCK * 
FA2 
x::: H:~, '(:::5 
REM DRAW GARMENT BLOCK 
LT9 
LI'12 
x:::o,y =o 
X=O f ¥ ~:nG 
X:::O, y:::(~G 
X=: -2, ¥=o 
X::: QI>, ¥ := o 
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x:::O, Y ::: Q,J 
X::: NWI.. ... l, Y ": O 
X ::: (),Y=Q"T 
X ::: I'!WL .. ·22, Y:::() 
X=O, Y:::C~"T 
1 .. T2 
LN2 
X =OI), Y=HB- .:> 
X=QA-Cm, Y=0 
REM DRAW BACK SHOULDER 
LET AA=<.5*<.5*(SCD+l») 
LT1 
I .. N2 
X ::: AA-2,Y=!AH 
X=QD- (AA-2) ,Y=:() 
X ::: AA-2,Y ::: QH 
X =O,Y=2 
REM DRAW OUTLINE 
LT11 
LI' I:I. 
X ~.: () 1'.( =:0 

X::QA,Y:::() 
X:::O I Y=O.,T 
X::-<OA '-Cm) ,Y ::: O 
L",2 
X =: - ? t Y::: [~G 
X=AA,y=(QH+2)-QG 
REM -DRAW SCYE ( ARMHOLE ) CURVE 
REM CALL PAR- CRV9.PAR 
FA2 
X=OD I Y ::: (~H 
LET C::«QE-OH)/2)+1 
LET D::QIH (AA-2) 
LET M:=2 
LET I:~ ;,.:. 4~C 
F'CALL CF:V9.1:'AF: 
LET 1"1' ::: TO 
REM STORE CALCS FOR LATER **** 
LET Cl1=C1 
LET C2:1. ::: C2 
LET C31 =C3 
LET C4:J. ::: C4 
LET C5:l ::: C5 
l.ET EF' f"' EF' 
LET R11 :=Rl. 
LET F~21 = R2 
LET F1=F 
LET D1=1> 
LET M1 :.~ IYI 
REM DRAW BACK NECK CURVE 
REM . CALL PAR'- CRV 1 0 • PAR 
I..f~T I~:::QG 
LET 1~=2 
LET R ::: 1. 35 
LET AL=3() 
LET F.IE:::() 

FA2 
X ::: - l~I) 1)"= -QH 
PCALL CRV 1 () • PAF, 
REt'1 SET F'FW~1F'TS TO EXPERT 
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FA29 
'"EI" ~(- ADD TEXT TO HLOCI< 
LT9 
TES 
TE17 
X=QD+CCNWL+l)-QD)/2,Y=.5 
T::/CENTRH BACK/ 
TEl7 
x::: NWI .. + 1 (), Y:: .5 
T=/NO SEAM ALLOWANCE/ 
TE6 
TE21 
1'1=90 
TEla 
x::: • 5i<·(~D, Y ""(~H/2 
T=/BACl</ 
T=/CHEST - /+CHS 
T=/ClJT 1/ 
AC 
'X'ES 
TEl7 
X::: 1'1 IN!..'" • ~:> ,.{ ::: l1 .. T /~: 
T::/WAISTLINE/ 
AC 
TEll 
X :~ ,.II ...... 5, Y ::: G,J /2 
T=/NO HEM ALLOWANCE/ 
TEL~l 
N::::I.80 
TEl.7 
X~NWL+l0,Y=QJ-.5 
T=/SIDE ·SEAITI/ 
AC ' 
TEl7 
x ::: QI)·t· ( (l'IWI.,+). ) ... CH) ) 12 , Y ::: Q • .T - ,,5 

T=/NO SEAM ALLOWANCE/ 
L 1'11 
REM SET PROMPT TO NOVICE 
FA2'r 
r'EI'·' I>FMW GAF<rlI-::"I'I' FF,ONT 
REM RESET USER ORIGIN 
FAZ 
X:::O ,Y:=,I],J+J.O 
L19 
L"'J.~ 
X:::QC, y:~() 
X=O,Y:::QF 
X:::() t Y:::OF' 
X=QC, ¥~~() 
X:::(JI> t '1 ::: 0 
X=O, yr~CU:<·-n,.T 
X:::NWL+l , Y:::O 
X=O, ¥=QB-Q,.T 
X=NWL+22, ¥=:() 
X=O, y=QB-(~,.T 
X:::(lA,Y:::O 
X:::O, y=QB-Q,.l 
REI'! OUTL I "U:; 

L11l. 
1.1'1:1. 
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X=QC,Y::O 
';( ::: ( ,,TL ,.':3 ) , .. DC, Y:: () 
X :=O, Y ~~ (DB ···Q"T) /:t.i 
1.1'1:3 
X=JL+3,Y::(QB-GJ) / ? 
X=-.5,Y=(QB-QJ)/4 
X::-l.S,Y::(GB-QJ)/4 
LN2 
X::QA, Y=QB-Q .. T 

X=QD-QA,Y=O 
REM FRONT SHOULDER 
LET BA=(QB-QF-GH) 
LET BB::(QB-QF-QE) 
LET BC=«AA*BB)/BA)+1.75 
LT9 
LNl 
X::: QD, Y::QB-·Q,,T 
X::: 0 , Y=Q .. T-Cm-2 
X ::: - d:m - BC) , '1.':: () 
X=O,Y:::2 
AC 
LTll. 
LN2 
X::O, Y::OF 
X=BC, Y~:f.H~ 
REM DRAW FRONT SCYE (ARMHOLE) CURVE 
REM CALL PAR- CRV9.PAR 
Ff'~,2' 
X ~:GD, Y :~GB-' (nE+2) 
LET C=QE+2-Q.J 
L.ET l) :::aI)'-DC 
LET R::. 4 ')('C 
FCALI.. CF\'V9. PAR 
I .. ET T'J':::TT·.·TD 
LET SF'=TT /3 
LET SF'2=SP/2 
LET ~3F'~~::Fl-SF';~ , 
LET EP2:ARCSIN(SP3/R21) 
LET C71~2*R21*(EP2*C3.142/360» 
LET BPO::Cll+C21+C31-C71 
LET I-:<P5;::C41+C71 
RElY! CALC LENC;TH OF STRfUGHT LIt-IE BF'-5 
LET BF'X=R21-(COSCEP2)*R21) 

.. :;; LET BF'A=Ml-'fWX 
--f LET BPB=Dl-Fl+~3r<.l 

. LET BPS:::«BPA**2+BPB**2)**.S) 
LET FF'O=F'O 
LET FP4=P4 
LET FF'S::D-YC 
REM DRAW FRONT NECK CURVE 
REM CALL PAR- CRV11.PAR 
FA2 
X=GC-QD,Y=QF-CQB-CQE+2» 
LET C=QF 
I..ETF=QC 
LET R=.4*C 
F'CALL CRVll .• F'AF~ 
FA2 
X::: -QC, '1.'::. -(n~ 
REM SET PROMPTS TO EXPERT 
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FA 29 
REM ADD TEXT TO GARMENT FRONT 
LT9 
'I'm! 1 
1'1=:0 
TE17 
X=OD+(CNWL+l)-QD)/2,Y=.5 
T=/CENTRE FRONT/ 
AC 
TE17 
X::: NWI.. .... 1 0 , Y= .5 
T=/NO SEAM ALLOWANCE/ 
AC 
TE21 
1-1 :::90 
TE6 
TE:J.H 
x~: . 5*CW, y ~: aH/2 
T=/FRDNT/ 
'I' ::: ICHEST .M 1 +CHS 
T=/CUT 21 
AC 
TES 
1'E17 
)( ::: ",WI.. + .~) , Y": n,,T /~:.~ 

~ . T::: /WA:r STI .. I l"fIL/ 

TE :I.7 
x ::: ,.11..+ .. ~> , Y": G,,T /,.~ 
T=/NO HEM ALLOWANCE/ 
AC 
1'E21 
1'1::: lao 
TE17 
X :::GD+ ( (NWI .. +:t. ) _.QI)) /2, Y := cm- (O,,T+.~:;) 

T=/NO SEAM ALLOWANCEI 
AC 
1'E17 
X= NWL+l0,Y ~ nB-(QJ+.5) 
T=/SIDE SEt-,I"'/ . 
AC 
I..H~~ 
><::: 01) 'M 'Ie • y =: Of: .. ·elE 
L= 1 ,A= ::;~~:} 
TE2:t. 
",=9() 
1'E17 
X=QD - yc,Y ~ QB- ( QE+4) 

T=/FP/ 
FPt:;'~ 
x ::: 0, Y::: .M ( 0,.1 ... .1. (» 

LN2 
X=QD-Fl+SP3,Y =OH+BPX 
L= 1 ,A:= '-'1'0 
1'E17 
X=QD-Fl.·SP3,y~aH-3 
T=/BP/ 
REM ** CALC. CHECK ** 
TE6 
'l'E?:t. 
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N::O 
TEla 
x :~ -- I. .;) ? Y ::: 55 
T :: ITT ::: / -+-'I'T 
T ::: /SF' ::: / +SP 
T=/FF'D :~ /+FF'O 
T::: /PF'S ::: /+PF'S 
T:::/BF'D =I+BF'O 
T::: /BPS =/+f.<F'S 
T=/YC ::/+YC 
T::: /SLO =1+51.0 
T=/BCL =/+BCI.. 
'I' ::: /FCl. :=I-+-FCL 

AC 
REM RESET USER ORIGIN 
FA2 
,:':'jC 
f'(.~ :I. 
REM RESET PROMPTS TO NOVICE 
FA29 
L 1'9 
REM PR DRAW SLEEVE NOW 
F'R DRAW SLEEVE (Y OR N) 
f:,'I' /T t:':'jl~~) 
IF<ANS . Ea. / N/) GOTO FINISH 
REM SELECT VIEW 2 
r:.'1~'_~9 
VbJ -
H::: :2~ 
FA29 
i; ' C{~I_.L sr_.n:l.. FYlR 
*FINISH : 
EI,m / 
!:rrAF:T / :3 • 1 
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~)TI~I:;: 'J'/ :3. 1 
I~:F.': ITI ~(. F'()f;; t-,I"IETfn C SYl'lE<OL TO FIT A COI'IT I HI.HJUS 1(. 

REM * CURVE TO GARMENT PATTERN PIECES * 
REM * PAR. SYMBOL NAME : CRV9.PAR * 
REM * (C) MICHAEL K HALL * 
REM * CREATED 12 MAY 1987 * 
REM * * * * * * * * * * * * * * * * * * * * * 
* START 
* CALes 
LET F :: . 4*1) 
LET N:= D-F 
LET ,.1 ::: 1. • B*R 
LET H=(J+R)*SIN(41) 
LET P=CJ+R)*COSC41) 
LET Z=p ·· C 
I FCZ.GE.O)GOTO START 
REM * FIRST RAD 
LET E=C- (eJ+R)*COS(41» 
LET R1 =CH**2+E**2-J**2)/(2*(H-J» 
LET GA =ARCTANCE/(Rl - H» 
LET Xl=C-CR1*SINCGA» 
LET Yl =Rl-CR1*COSCGA» 
LET GA2 :: GA/2 
1.1-:-:'1' X4 =C·· (F:':H('~; I N(GA2» ) 
LET Y4 =Rl-(Rl*COSCGA2» 
1 : ;~ Elvl *SECDt-m RAD 
LET R2 =(P**2+(F-H)**2-J**2 ) / C2*(P-J» 
LET AL=ARCTAN(CF-H)/CR2 - P» 
LET X2 =R2 - (R2*COS(AL» 
LET Y2=F-(R2*SIN(AL» 
LET ('~L'.~= AI../2 
LET X5=R2-CR2*COS(AL2» 
LET Y5 =F-(R2*SIN(AL2» 
F\EI1 * MIDPOINT 
LET X3 ::: F.~;~ C()f.) ( 41. ) 
LET Y:3::F,*SI)" un) 
REM CURVE LENGTH CALC 
LET C 1 ::-,2*R l1H GMt( 3.142/360 ) ) 
LET C2 =2*R2*< AL* (3.142/360» 
LET C3 =C(90-AL - GA)*(3.142/360»*2*J 
LET R3=C4 +N**2 )/4 
LET EP=ARCSINCN/R3) 
LET C4 =2*R3* (EP*(C3 . 142/360») 
LET Td=Cl+C2+C3+C4 
REM *** POSITION OF FP *** 
LET XB::F'-~? 
LET TH =ARcCOSeXB/J) 
LET YC =H-(SINCTH>*J) 
REM *** CURVE LENGTH FP-O *** 
LET C():::90-TH 
LET C5 =2*J*(CCO - GA)*C3.142/ 360» 
LET p():::C5+Cl 
LET P4 =CC1+C2 +C3+C4)-PO 
REM DRAW CUI~VE 
LTl 
LN3 
x ::: () ~ y ::: C 
x::: -)-4, Y ::: X4-C 
x ::: y" - Y 1 j Y ::: Xl · ' X 4 
x::Yl-Y~:3, Y ::: X :3 "')CI 
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'): :: Y:3 .• y;~ , y:: x;,~ - X 3 
:< ::; yc:·· (:5 )' Y "; X~)··· ;.:~~: 
X::Y~5 ··F t y o:: - X5 
7: ·" ··· I\I/;'~ , y o:: ,2~)~·M 

X::: ·· 1'1/2 t Y ;;: .751<-1'1 
AC 
1(· r·o:r H I SH 
EI'.JD 
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;. 

START/3.1 
REM * PARAMETRIC SYMBOL TO FIT NECK * 
REM * CURVE TO BASIC BLOCK * 
j:a-:WI i~ PAr.;;. SYMBOL l'I('tME _. CRl):J. (). PAF~ ;.(. 

REM * (C)MICHAEL HALL * 
REM ********************************* 
* STAI~T 
*CALes 
LETR1 = (B**2-R**2) /( 2*<R+(B*COSC90+AL»» 
LET Xl=A-(Rl*COS(AL» 
LET Yl=B+(Rl*SINCAL» 
LET C=Xl+«B+(Rl*SINCAL»)*(TAN<BE») 
LET D=(B+(Rl*SIN(AL»)/COS(BE) 
REM *SECOND RAJ) 
LET R2 =CD**2+C**2+C2*D*C*COSC90+BE»-Rl**2)/(2*<D-Rl+(C*COS(90+8E»» 
LET X2=-R2*SIN(BE) 
LET Y2=R2*COSCBE) 
LET GA=ARCTAN«Y2-Yl)/(XI-X2» 
LET X3 =Xl+(Rl*COSCGA» 
LET Y3=YI-CR1*SIN(GA» 
LET I~'.~ :::G?V~?' 
LET Y4=Yl-(Rl*SINCA2» 
LET x 4::: Xl-+- C r~::l i('CW; u):~) ) 
REM MEASURE CURVE LENGTH 
LET CL1 =<2*Rl*«GA-AL)*(3.142/360») 
LET AI'1 =90 ·-GA 
LET CL2~(2*R2* ( AM*(3.142/360») 
LET · BCL=CL1+CL2 
U'I:] 
x .:: ~. f.< t Y ::: p., 
X=B.~Y4 j Y :~ X4-A 
X :::)'4-,(3, '( ::: )(3-X4 

X=,(:3, Y::-X3 
P,C 
EI'ID 
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GTAI~T /:3. 1 
I:~EI'I 0)(. F'i::,F~ArIETF::IC SYr'IBClL TO FIT (~ Cm·ITHIUOLJS ,,(. 
REM * CURVE TO GARMENT PATTERN PIECES * 
REM * PAR. SYMBOL NAME: CRUll.PAR * 
REI'1 * (C) 1'1 I CHAEL K HALL ~(. 
REM * CREATED 08 MAY 1987 *. 
REM * * * * * * * * * * * * * * * * * * * * * 
':0(' START 
* Ct-.I .. C~:; 
l.ET ,J::::L. 8*f"< 
LET H=(J+R)*SIN(41) 
LET P:::(J+R)*COS(41) 
LET Z=P-C 
IF(Z.GE.O)GOTO START 
REM * FIRST RAD 
LET E=C-«J+R)*COS(41» 
LET Rl=(H**2+E**2-J**2)/(2*(H-J» 
LET GA=ARCTAN(E/(Rl-H» 
LET Xl=C-(Rl*SINCGA» 
LET Yl=Rl-(Rl*COS(GA» 
LET GA2=GA/2 
LET X4=C - CR1*SIN(GA2» 
LET Y4=Rl-(Rl*COS(GA2» 
i:<HI"I *m:·:COI-ID Rr-.D 
LET R2=(P**2+CF-H)**2-J**2)/(2*(P-J» 
LET AL:::ARCTAN«F-H)/(R2-P» 
1..1-:':'1' ;'<2"" f\:,; '" (f<2*·CnS U~I .. ) ) 
LET · Y2=F-(R2*SIN(AL» 
1.1-:-: T j~ I .• i; "~ (-~ 1../ ::? 
LET X5=R2-(R2*COS(AL2» 
LET Y5 ::: F- (R2*SINCAL2» 
REM * MIDPOINT 
LET X3 =R¥COS(41) 
I .. I::T ):'~3 =R*S II'I ( 4 1 :> 

m·:wl CLJRV~; I .. r:r·IGTH 
LET LC1=(2*~1* ( GA*(3.142/360») 
LET LC2 :::(2*R2*(AL* <3.142/360») 
LET LC3~«90 - GA-AL)*(3.142/360»*2*J 
LET FCL=LC:l+LC2i·LC3 
REM * CURVE PLOT * 
·)(·I .. HCUI:::E 
LT:I. 
Li,n 
)( ::: () , Y ::: ~: C 
X:: - ):' 4 ,. 'f :;: C _. :x: .<! 
X ::: Y 4-' Y 1. .' Y:::><4'- Xl 
X:: Yl.-Y3, ):'::: >::1. ... ><::l 
X ::: Y:3- '1-;'~.t Y ·": X3· .. X2 
X=Y2 - '15, ):' :=X2'- >:~::; 
X :~ '1 ~:> ... F .~ Y ::: X~;: 
AC 
EN!) 
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~3TAr.:T /~3 • 1 
REM * PARAMETRIC SYMBOL TO DRAW BASIC * 
REM * ONE PIECE SLEEVE TO FIT BCJ.PAR * 
REM * PAR SYMBOL NAME - SL01.PAR * 
REM * (C) MICHAEL K. HALL * 
REM * CREATED 29 MAY 1987 * 
REM *********************************** 
F,E!YI 
REM SET PROMPT TO EXPERT 
FA29 
REM ADD TITLE TO BLOCK 
TE16 
TE30 
TE6 
TE1B 
X::60 .. Y::80 
T ~ /* VIEW 2 * BASIC ONE-PIECE SLEEVE BLOCK/ 
T=/TO MATCH CHEST SIZE (eM) - /+CHS 
TE:I.~) 

TE'·:iJ 
:*DI~:I~W 
LET SI::'~? :;: ~:W/'.~ 

REM FROM FPO TO 8 
LET S2~«FPO+.75)**2-YC**2)** . 5 
LET TS=ARCSINCYC/(FPO+.75» 
Lf;T Ht;;'.; ·;: SIN (T!3) ~t ( (FPc).· . 7~5) /2) 
LET HS21=COSCTS)*«FPO+.7S)/2) 
:r.,ET 1';31:: 90 _. T:::; 
LET S21=SIN(TS1)*.75 
LET 522=COS(TS1>*.75 
J;:EM FROM FF' TO b 
LET S::n :::f:W"' YC 
LET S3=«FPS+2)**2-S31**2>** .5 
LET TS31=ARCSINCS3/(FPS+2» 
LE.:T 'l'n::l~:.~':f: (,~,F~CCO!; ( !~;::V ( FF'S·.·? ;.) 
LET S34=(FPS+2) /3 
I.,}~'r ~)3i"':::~) I 1'·1 ( 'r f~~~2 ) :'<· ~)~~ ·4 

LET S38=COSCTS32)*S34 
I .. r:'r 'l'S:3 ~3:: ~ ... () _. 'r~:~~~:7: 

LET S35=SINCTS33)*2 
LET S36~C05( TS33)*2 
LET S~32 :=S IN (Tf:;::LI. ) ·h·tl 

LET S33= COS(TS31)~4 
LET s3il=S3-S3B-S36-S32 
LET 9312=S31-837+535-S33 
LET 8313=«S311**2)+(5312**2»**.5 
LET T534 ~; {:lHC:~ ni ,; ~;:·n ~? . ./ ~; ::11:~) 
LET 9314=COSCTS34>*<S313/2) 
'/..,E'I' ~3:31~}=:~)nl': r~::3 4 ) * \ S31:1/ ::;' 
REI'! FROI'1 6 TO 7' 
LET 1'S*:(~r';:C~::':J:i'I(SF'2/(BF'5+J. .~}) 
LET 941=COSCTS4)W(BPS+l.S) 
l..!,:,:1' S44 ·::SIN(TE4)*( (BF'S·t-l.S)/2) 
LET S~5=COS(TS4)*«BPS+l.5)/2) 
l.E'1' 1'B41 :::90-'1'~~,4 
LET S42~SIN(TS41)*1.5 
LET S43=COS(TS41)*1.5 
REM FROM 7 TO \jJ 
LET TS5 =ARCSIN(SP2/(BPO+. 75») 
LET SS=COS(TS5 )* CBPO+.75) 
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.t 
J 

LET S51=SINCTSS)*«BPO+.7S )/2 ) 
·' .. ET ~:;~:)? :;:COb < TS~».f ( (!-:(POi" 7~» / '?) 

LET T551::90-TS5 
LET S53 =SIN(TS51 ) *.75 
LET S54::C05(T551)*.75 
r~EI'1 DfMW SLEEVE COl-1ST LIt-IEB 
PA2 
X=90., '1 ":40 
LT9 
LI'/l 
X:::O .. Y::() 
X::: () ." Y:: 8:3·.·8:: 
X= - (SLO'-SF') .' ")':::0 
X =; -ye t Y::: -52 
X= -531.' Y ::: --:-3:] 
X:::f.'P2 .• y"~ -·S4:1. 
X=SP2, Y;~ -S~j 

X ::; ~3I .• O - ~:;P .. 'f.:() 

X :~ O! Y:~S~:>+S4:1. 

x ::; 1 • Y ;:: ... ( (~)~~+S41-' ~5 ) /2) 
X=-10 .• Y ::O 

X::o,.Y=2 

X=O,Y::SS+S41+S3+S2 
;< ;:: .·~31 .. 0+!:)F'2 .. Y ;:: -.::;4 1 
L:: 1 ,A::45 
X~-SLO+SP-YC.Y~S3 

L= 1"A:: -4~:5 
:;f,~:O .+ y ~: () 

X::: -S1.0., Y ~: O 
X:;: •. 31.0+!:> F: .. Y:: -'S'll _. ~)~) 
X::O,Y=S5+541+S3+S2 
k".' ::)I .• () .+. SF;-·H~;~~ :' Y:: ~)3 +~)2 -. H~3~~ :I. 

X=S~~l .. Y:: '-522 
X~ -SLO+S37 .. Y:::S38 
x:: -535! Y, :~S:36 
X=-SLO+S44 .. Y=- S45 
X=-S42 .. ):'=-843 . 
X=-SL()+SP2+S51 .t=-S41-S52 
X= ·-553, ):'=554 . 
X= -SLO+SP2 .S51.Y =- S41-S52 
X=S53" Y:~S54 
RBM SLEEVE OUTLINE 
LT11 
1../'1.2 
x= -SLO+SP .. Y=- S41- S5 
X::5LO-SP f Y::~5 
Li' /:L 
X::o, ):'::: () 
X ::: () • ,,= ~;:3 · +·~32 ... ~;y 
x:: -SI .. O+SP, ):':::5 
REM CONTINUOUS CURVE 
LN3 
)(::: () • y ;:: -S41. •. S~> .. ·~> 
X::l~Y=(55+S41-5)/2 './ «"'-' C' 4:1 ~ .. , /" ) '''< ::: •. .1. .' A ::: ,:> -) ..... ) . _. -;. ) .... 

AC 
I..!.I:? 
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X= ··SLO+S31 .Y = S~ 
:,< .:: "' f:::3~3 ,+ ''I.' -:: ... ~;:~: ,.~ 
AC 
LN::) 
X=- SLO ... SP!Y =S3+S2 
X=-HS2+S21,Y=-HS21-S22 
X :~ ~·S'!1. · HS2-·,(C. '(:: ~~22~·HS21 "· ~;? 

AC 
LI'I:=1 
X::: - !51.0 .' Y": (j 
X=S37-S35,Y=S3B+S36 
X=S312-S31S.Y=S311-S314 
X=S315 .. Y=S314 
f~C 
U,13 
X=-SLO ... SP!i=-S41-S5 
X=-SP2+SS1+SS3,Y=SS-S52+S54 
X= -S53 -S51.Y =-S54+SS2 
X=-SP2+S41-S42!Y=S41-S45-S43 
X= S42-S44.Y=S43+S 45 
AC 
F::I-:; j\'f I~l I) D T I·:·: :;;< T 
LT9 
'I'E:I. ':~ 
TI:':::> 

TE2~1 

"' ::: 90 
TEl7 
X=-«SLO -SP)/2)-1!Y=1 
T::/ELBDW LINE/ 
X=-SLO+SP2+2!Y =-S41+2 
T=/BP/ '. 
X=-SLO ·~SP -YC.Y=S3- 4 
T:::/FP/ 
'1'H30 

TE 1 E~, 
X::: ... f." L D(· ~:W t· 2. Y :: 0 
T::: /ONE-PIECE SLEEVE! 
T ~: /(1'O FIT CHE ;:) 'I' .. ·/ .. ·CHS ... /)/ 

T:::/CUT 2/ 
REI'" m':';~:;ET F'F:CWlF'n; TO !'IOIn: CE 

FA29 
REM RESET USER ORIG IN 
FA2 
(IC 

Ft..:! 
EHr.' 
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START/3.1 
REM *PARAMETRIC -CHS88.PAR * 
LET CHS~8A 
LET SCD=22 
LET NWL=43.4 
LET NS=37 
LET HB=18.5 
LET SLO=63.6 
LET SLT=78 
LET CPT=27 
PR ENTER JACKET LENGTH (CM) 
ST/N JL 
REM SET LG TO 2 - LEGAL STANDARD SIZE 
LET LG=2 
END 

' r 
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START/3.1 
~EM . PARAMETRIC -CHS92 .PAR * 
LET CHS=92 
LET SCD=22.8 
LET NWL~43.B 
LET NS =38 
LET HB=19 
LET SLO=64.2 
LET SLT=79 
LET CFT=28 
PR ENTER JACKET LENGTH (eM) 
ST/N JL 
REM SET LG TO 2 - LEGAL STANDARD SIZE 
LET LG=2 
END 
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' - . . 

STA,;oT /3.1 
REM *PARAMETRIC -CHS96.PAR * 
LET CHS=96 
i..z.:.:T SCI):; 23.6 
LET '''WL:: 44 • ~.:: 
I..E1· 1\lt~:: 2; ~1 

LET HB=19.5 
LET 51.0::64.8 
LET 8LT::81 
LET CFT:::29 
PR ENTER JACKET LENGTH (eM) 
ST/N • .fl. 

REM SET I.G TO 2 - LEGAL STANDARD SIZE 
LET l..G=2 
.E'-·If) 
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START/3.1 
REM *PARAMETRI C -CHSI 00.PAR * 
LET CHS=100 
LET SCD=:24.4 
LET I'IWL ::: 44.6 
LET 1'18=4(' 
LET HB ::: L.~O 

LET SLO::: 65 • 4 
LET 5LT::82 
LE'I' CFT<40 
PR ENTER JACKET LENGTH (eM) 
5T/N • .IL 
RElyi SET LG TO 2 _. LEGAL STA~lDf~RD SIZE 
LET LG=2 
HI'ID 
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START/3.1 
/:<E/'"I :'(-f'P.f<AI"IETF:IC ·· CHS104.PAF: .;.: 
LET CHS=101! 
I .. f~ 1· ~3(; I):: 25" • ;~ 
LET l'IWL=45 
LET NS=41. 
LET HB~: 2(). ~-) 
LET SLD~: btl.:. 
LET 81. T ::: 83 
I..ET eFT :::::-lO 
PR ENTER JACKET LENGTH (eM) 
ST/N .. TL 
REM SET LG TO 2 - LEGAL STANDARD SIZE 
LET I..G=2 
END 
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~,TI~I'''T /:3 • 1 
REM ~PARAMETR[C -CHS10B.PAR ~ 

LET CHS=10[1 
LET SCD":26 
LET NWL :::il~:) 

LET "' S~: 42 

LET HB~: 2:1. 

LET SI..O:: 66 
LET SLT:::8:3. 5 
LET CFT=:31. b 
PR ENTER JACKET LENGTH (eM ) 
!:iT/I-! ,.iI.. 
REM SET LG TO 2 - LEGAL STANDARD SIZE 
LET LG=2 
EHD 
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STA/"T /3. l. 
i :~Elrl ·.'I·F~'iRA/"IETF\I C .. CH~~ 1.1:: • F'AR "" 
I.ET CHS=112' 
U '::T SCI):: ~:::6. 4 
I.ET NWI..::: 4~:) 

LET I'IS:: Al3 
I .. ET HI< :~2 1. 5 
LET :3L()::I..,I..·, 
LET SLT"'8·" 
LET CFT <~2 • 2 
F'R ENTER "TACKET LENGTH (eM) 
51'/1'1 ,.II. 
REI'I SET LG TO 2 - LEGAL STANDARD flIZE 
LET LG=2 
EI,m 
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START/3 .1 
RE~ *PARAMETRI C -C HS l1 6 .PAR -
LET CHS= 11 A 
LET SCD =26.8 
LET NWL =45 
LET NS =44 
LET HB =22 
LET SLO =66 
LET SLT =84. 5 
LET CFT =32.8 
PR ENTER JACKET LENGTH (CM) 
ST/N JL 
REM SET LG TO 2 - LEGAL STANDARD SIZE 
LET LG=2 
END 
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START/3.1 
REM ft PARAMETRI C - CHS120.PAR * 
LET CHS=120 
LET 5CD =27 .2 
LET NWL =45 
LET NS =45 
LET HB =22.5 
LET SLO =66 
LET 5LT=85 
LET CFT =33.4 
PR ENTER JACKET LENGTH (eM) 
ST/N JL 
REM SET LG TO 2 - LEGAL STANDARD SIZE 
LET LG=2 
END 
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User 6522 Address Assignment 

$0800 Port B Data Register 

$0801 Port A Data Register Controls Handshake 

$0802 Port B Data Direction Register o = Input 

$0803 Port A Data Direction Register 1 = Output 

R/W = L R/W = H 

$0804 Write T1LL Read T1CL,Clr.Int. Flag 

$0805 Write T1L-H & TICH Read TlCH 

TILL TICL,Clr. Int.Flag 

$0806 Write T1LL Read TlLL 

$0807 Write T1LL,Clr. Int.Flag Read T1LL 

$0808 

$0809 

$080A 

$080B 

$080C 

$0800 

$080E 

$080F 

Write T2CH 

Write T2CH 

T2LL T2CL, Clr. Int. Flag 

shift Register 

Read T2CH,Clr.Int.Flag 

Read T2CH 

AuXiliaI:y Control Register 

Peripheral Control Register 

Interrupt Flag Register 

Interrupt Enable Register 

Port A Data Register. No effect on handshake 

For a detailed description of the VIA refer to Rockwell R6522 

data sheet, OOcument n\llTber 29000 047. 
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J3 VIA User 1/0 

IOC 37 way 'D' Type Socket 

1 CB2 1 

3 CB1 2 

5 PORT B7 3 

7 PORT B6 4 

9 PORT B5 5 

11 PORT B4 6 

13 PORT B3 7 

15 PORT B2 8 

17 PORT B1 9 

19 PORT BO 10 

21 PORT A7 11. 

23 PORT A6 12 

25 PORT AS 13 

27 PORT A4 14 

29 PORT A3 15 

31 PORT A2 16 

33 PORT A1 17 

35 PORT AO 18 

37 CA2 19 

39 CAl 20 

Even pins 2 to 40 21 to 37 GROOND except 21 
GROOND except 2 and 40 and 37 which may 
which may optionally be +5v. optionally be +5v. 
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~I 

ProgIdlllle Listing 

SI!2UR AND KmR CXNmOL ~ 

$1000 A9 00 LOA #$00 Initialise 
1002 8D 01 08 STA DRA Ports A & B. 
1005 A9 co LOA #$CO 
1007 8D 03 08 STA DDRA 
100A A9 03 LOA #$01 
100C 8D 00 08 STA DRB 
100F 8D 02 08 STA DDRB 
1012 20 12 F8 • read JSR KEY Cleek for any 
1015 C9 00 01P #$00 key pressed. 
1017 FO 03 BEQ again 
1019 4C 00 11 JMP $1100 
101C A9 08 . again LOA #$08 
101E 20 15 Fa JSR DISPL 
1021 A2 00 LOX #$00 Ini t. oounter. 
1023 A9FE LOA #$FE Enable bit 0 
1025 8D 00 08 STA DRB Port B. 
1028 AD 01 08 IDA DRA Read port A. 
102B 29 3F AND #$3F Mask out bits 7&8 
102D C9 00 01P #$00 
102F DO OA BNE out 
1031 EA 
1032 EA EA 
1034 EA EA 
1036 EA EA 
1038 4C 12 10 JMP read 
103B EA EA EA . out 
103E 8D BF 10 STA $10BF Store port value. 
1041 EA EA 
1043 A9 3F LOA #$3F 
1045 CD BF 10 .loopl 01P $10BF Loop cheeks which 
1048 FO OA SEQ display sensors are 
104A E8 INX covered. 
104B EO 06 CPX #$06 
104D FO C3 BEQ read 
104F 18 crc 
1050 6A ROR A 
1051 4C 45 10 JMP loop1 
1054 EAEAEA • display 
1057 EA EA 
1059 EA EA 
105B BD CO 10 IDA $10CO,X load sensor 
lOSE 20 15 F8 JSR DISPL mmi::er fran 
1061 EAEAEA look-up table and 
1064 EAEAEA displays character 
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1067 EA EA EA 
106A EA FA FA 
106D BD BO 10 LOA &10BO,X Load rotor 

direction axie. 
1070 C9 FF Q.!P *$FF 
1072 FO 11 SEQ clwise 
1074 C9 00 Q.!P *$00 
1076 FO 9A ~ read 
1078 C9 11 Q.!P *$11 
107A FO 14 SEQ aclwise 
107C 4C 12 10 JMP read 
107F EA FA EA 
1082 FA FA FA 
1085 AD 01 08 .clwise LOA ORA 
1088 09 40 ~ *$40 Set rotor clir. hi 
108A 8D 01 08 STA DRA 
108D 4C. 98 10 JMP step 
1090 AD 01 08 .aclwise LOA DRA 
1093 29 BF AND *$BF Set rotor dir. 10 
1095 8D 01 08 STA ORA 
1098 09 80 . step ORA *$80 Step rotor 
109A 8D 01 08 STA DRA 
109D 29 7F AND #$7F 
109F 8D 01 08 STA DRA 
10A2 4C 12 10· JMP read 

INITIALISATIQi ROOTINE 

1100· A9 OD . start IDA #$OD Clear display . 
1102 20 15 F8 JSR DISPL 
1105 A2 00 LOX #$00 
1107 20 15 F8 .a1 JSR DISPL 
110A BD AO 11 IDA $1lAO,X Display 'Enter 
110D E8 INX seam width ( 1-4) , • 
110E C9 00 Q.!P *$00 
1110 00 F5 BNE a1 
1112 20 12 F8 . wait JSR KEY wait for key to 
1115 38 SEC be pressed 
1116 F9 31 sac #$31 check that it is 
1118 30 F8 BMI wait range 1-4. 
l1lA C9 04 Q.!P *$04 
!llC 00 F4 BCS wait 
111E 8D FF STA $11FF Store key value 
1121 18 CLC 
1122 OA .ASL A Ik>uble key value. 
1123 8D FE 11 STA $l1FE Store value. 
1126 A9 OD IDA *$OD Clear display. 
1128 20 15 F8 JSR DISPL 
112B A9 OA IDA #$OA 
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112D A2 00 LOX #$00 Set X to zero . 
112F 20 15 F8 • a2 JSR DISPL 
1132 BD B2 11 IDA $11B2,X Display 
1135 E8 INX 'seam width' • 
1136 C9 00 01P #$00 
1138 DO F5 BNE a2 
113A AEFE11 LOX $l1FE 
113D ADFF11 LOA $l1FE 
1140 C9 00 01P #$00 Oampare key value 
1142 FO OC BEQ double to zero. 
1144 FA FA 
1146 FA EA 
1148 FA EA 
114A FA FA FA 
114D 4C 55 11 JMP single 
1150 A9 31 • double IDA #$31 
1152 20 15 F8 JSR DISPL Display no. t1' . 
1155 BD CO 11 . single IDA $l1CO,X Display first 
1158 20 15 F8 JSR DISPL value fram look-
115B A9 2E IDA #$2E up table. 
1150 20 15 Fa JSR DISPL Display a point "." 
1160 E8 INX 
1161 BD CO 11 LOA $l1CO,X Display 2nd value 
1164 20 15 F8 JSR DISPL fram look-up table. 
1167 A9 60 IDA #$60 
1169 20 15 F8 JSR OISPL Display "mn". 
116C A9 60 IDA #$6D 
116E 20 15 F8 JSR DISPL 
1171 A2 00 LOX #$00 Clear X register. 
1173 A911 .ae IDA #$11 Store acwise codes 
1175 9D BO 10 STA $10BO,X at memory locations 
1178 EC FF 11 CPX $l1FF starting at $10BO 
117B FO 04 BEQ ocl When X value equals 
117D E8 INX key value branch to 
117E 4C 75 11 JMP ae ocl. 
1181 E8 .ocl INX 
1182 A9 00 LOA #$00 Store value 00. 
1184 9D BO 11 STA $10BO,X 
1187 E8 .el INX Store elwise codes 
1188 A9FF IDA #$FF at remaining 
118A 9D BO 10 STA $10BO,X memory locations. 
118D EO 06 CPX #$06 
118F FO 03 BEQ fin 
1191 4C 87 11 JMP el 
1194 4C 00 10 • fin JMP $1000 Jl..llTp to sensor 

rotor oontrol 
routine at $1000. 

524 



UXlt-UP 'mBIE HEMRY AIXEESSES 

$10BO xx RESERVED $10CO 36 SENSOR 
10B1 XX FUR 10C1 35 NUMBER 
10B2 XX MJIOR 10C2 34 DISPLAY 
10B3 XX DIREcrIOO 10C3 33 INDICA'IOR 
10B4 XX <X>DES 10C4 32 
lOBS XX 10C5 31 

$ 11FF XX RESERVED FUR KEY NUMBER 
llFE XX DOUBLE KEY VAIlJE 

$ 11AO 45 E $ 11B2 20 
11A1 6E n 11B3 20 
11A2 74 t 11B4 53 s 
11A3 65 e 11B5 65 e 
1lA4 72 r 11B6 61 a 
1lA5 20 11B7 6D m 
1lA6 57 w 11B8 20 
1lA7 69 i 11B9 57 w 
1lA8 64 d 11BA 69 i 
1lA9 74 t 11BB 64 d 
11M 68 h 11BC 74 t 
1 lAB 20 11BD 68 h 
1 lAC 28 ( 11BE 20 
11AD 31 1 11BF 00 stop 
1lAE 2D 
1lAF 34 4 11CO 32 5 
1100 29 ) 11C1 35 0 
11B1 00 stop llC2 35 7 

11C3 30 5 
11C4 37 0 
11C5 35 0 
11C6 30 2 
11C7 30 5 
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SIEMENS 

FEATURES 

, Low Co.t 
Mini.tur. Sin c 

, Available A. Single Unit, LD 261 and ArrIY.: 

Two Diod •• , LD 262 
Thr •• Dlod •• , LD 263 
Four Diad •• , LD 264 
Fiv. Diod •• , LD 265 
She Diad •• , LD 266 
S.v.n Diad •• , LD 267 
Eight Dlod •• , LD 268 
Nin. Diad .. , LD· .. 26S 
T.n Diodll, LD ·260 

, M.dlum Wid. B.lm, 30· 

, High. pow.r, 8 mW Typlc.1 
, High Intlnlity, 10 mW/tr 

DESCR IPTION 

The lD 261 series. GaAs infrared emiltlng diodes, 
emit radiation at a wavelength in the near inhared 
range. This miniature device comes in a grey p1as· 
tic packago and is available as a single emiller as 
well as two ,through ten element arrays. The termi· 
nats are solder pins with .10· lead spacing. The 
LD 261 series is designed for use with the BPX 81 
series phototranslstor when the spacing between 
each is approximately 1Omm. These devices can 
easily be mounted on PC boards and in thick film 
circuits for simple or complex scanning systems. 

Supplied by: 

NORBAIN 
TECHNO~Y 

Norbain House, Boulton Road, 
Reading, Berkshire RGll OLT 

Tel: (0734) 864411 Telex: 847203 
fax: (0734) 751464 

LD 261 SERIES 
INFRARED EMITTER 
SINGLE AND ARRAYS 

Package Dimensions in inches (mmJ" 

:to Sln{jle Unit .. ::. ... -
- ~i 

\. I _ ' . . .. n ... 
UI.h J I .... m U IN... . ... .. .. .. ...... . . • ,. ~ I .,., 

• AMI "'4. .. 
I/~tdil"1 - " .~ 
~J A,.. " .... ''' ... 1 

r 

Maximum Rating. 

Operating Ind Slorlge Temperalure 
Soldefing Temperalure 

(Dill Inc. from IOIdering joInl 
10 package ~2 mm. IOIdefing 
limet ~ 3 s) 

Junclion Temperalure 
Reverse Voltage 
Forward Current 
Surge Current (t - 10 "s. 0 - 0) 
Power Dissipation 
Thermal Resistance 

. ,. . ,. 

Charactert.tlc. (T 1mb - 25°C) 

Wavelenglh (I, • SO mAo Ip - 20 ms) 
Spectral Bandwldlh 

(I, • 50 mAo Ip - 20 ms) 
Half Angle 
Aclive Area 
Aclive Die AreB per Die 
Distance Die Surlace 

to Package Surlace 
Switching T,me (i, Irom 10% 10 

90% lind Irom 90% 10 10% 
lit I, .50 mAl 

Capacitance (VA· 0 V) 
Forward Voltage 

(IF • 50 .mA. Ip - 20 ms) 
Breakdown Voltage (I~ - to,.A) 
Reverse Current (V~ • 10 V) 
~mperalure CoeNiclent 01 t. or t. 
Temperature CoeNlcient 01 V, 
TemJ16""ure CoeNlcllnl 01 ),Pflak 

T 

Ts 
T, 
vH 

Ir 
Irs 
P,,,, 

RJt""", 
Nt 

~ 

tJ. ., 
A 

L)( W 

H 

1,.1, 
Co 

Vf 

VeA 
I 
T~, 
TCv 
TC, 

AlTlya 

.,.., 
......-.-." ... -

- 4010 .80 

230 
80 
5 
50 
1.6 
85 
750 
650 

950* 20 

55 
t 30 
0.25 

05)( 0.5 

13 to 1.9 

I 
40 

1.25 (~I.04) 
30 (~5) 

001 (~10) 
-05S 
- 1.5 
0:1 

.. . ... 

"C 
·C 
V 

mA 
A 

mW 
KJW 
KJW 

nm 

nm 
Oeg. 
mml 
mm 

mm 

", 
pF 

V 
V 

I'A 
WK 
mV/K 
nm/K 

Radllnl Inl.nally I. In AxIal DIrection "a .. ured al a Solid Angle of 0 • 0.01 II 

Group LD2I1 .. LDZ81·S LDZI1-t ZIO.2I2-211 

Rldillnt Inlenslty 
(Ir • SOmA. 
tp. 20 ma) I, 2 to 4 3.21063 

Radlanl f'ower 
~5 2.510 8 mW/.r 

(I, - 5OmA. 
Ip. 20 ms) t, 5 6.5 8 5t08 mW 

Specificalions are subjecllO change withoul notice. 
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SIEMENS 

FEATURES 

• 
• 
• 
• 

• 
• 

Silicon NPN Planu Phototransistor 

Low Cost 
Miniature Size 
AYililable Iu Single Unit. BPX 81 and Arrays: 
Two Chip. BPX 82 
ThrH Chip. BPX 83 
Four Chip. BPX 84 
Five Ch ip. BPX 85 
Six Chip. BP)( 86 
Seven Chip. BPX 87 
Eight Chip. BPX 88 
Nina Chip. BPX 89 
Ten Chip. BPX 80 
NatrOW Acceptance Angle. 18· 

High Gain. Up to 5 mA 

DESCRIPTION 

The tYpes BPX 80 to BPX 89 are p!as.tic eneap-
I ted phototr.nsistor arrays conSIsting of an 

so a gement of max. 10 silicon NPN .pitaxial 
a7.:r phafotransistors. The individual p~oto
P, tric detectors are spaced apart accordang to 
'': tandard leed spacing of 2.54 mm (1/10"1. 
~ ~all angle of the lens-shaped light window 
avoids optical "cross modulation" f~om the 
ad;.cent system. The collector terminals ar. 
marked by small projections arranged a~ the. 
,ides of the ,older pins. T.he ~hot~trans~stor ~s 

' t ble for versatile applications In eonlunctlon 
::i't: filament lamps and infr.red light. The . 
BPX 81 can be mounted on PC boa~ds and ~ ~IIO 

;oed for use as detector of the light emitting 
~r:. LD 261 (same type as BPX 811 in miniature 
light barriers. 

Supplied by: 

NORBAIN 
TECHNOLOGY 

Norbain House, Boulton Road, 
Reading, Berkshire RG2 OLT 

Tel: (0734) 864411 Telex: 847203 
fax: (0734) 751464 

BPX 81 SERIES 
PHOTOTRANSISTOR 

SINGLE AND ARRAYS 

Package Dimensions in Inches (mm) 

Single Unit 

...... a.M 

~' 
/ · c 

...... a.- .. ,M'UII. , .... Ut 

Maximum Ratings 

Operating and Slorage Temperature T 
Soldering Temperature 

(Distance 'rom soldering pint 
to package ~2 mm 
Dip Soldering Tame t ~ 5 s Ts 
Iron Soldering Time t ~3 s) Ts 

Collector Emitter Voltage VCEO 
Collector Current 'c 
Collector Peak Current (t < 10 lAs) II'!( 
Power Dissipation (T amo - 25°C) PIOI 
Thermal Resistance RII\JA 

RtI\JG 

Characteristics (T amb = 25°C) 

Wavelength 01 Max. PhotosenSItiVIty ~. 
Spectral Range c:J PhotosenSllly'ty ). 

Radiant Sensative Area A 

Die Area l)( W 

Distance Ole Suriaee to Package Suriaee H 
Ha~ Angle .p 

Capacitance 
(VeE - 0 V, f - 1 MHz. E - 0 Ix) CCE 

Collector Emlner Leakage Current 
(VeEo - 35 V, E - 0 Ix) 

'
CEO 

Group BPX81-2 BPX81-3 

Pholocurrenl c:J the 
Transistor, Collector to 
Emitter (Note 1) 
CEy - 1000 Ix 
VCE - 5 V) Ip 1.0 to 2 .0 1.6103 .2 
(E. - 0 .5 mW/cm1 
). - 950 rvn 
VeE - 5 V) Ip .25 to .50 .40 to .80 

Riselfall Time 

(lc - 1 mA, VeE - 5 V 
RL - 1 kO) ~, ~ 5.5 6 

Collector Emitter 
Saturation Voltage 
(Ie - IPCE_ • 0.3 
E - 1000 Ix) VeE .. 150 150 

Current Gain 
(Ey - 1000 Ix 

'PeE 
VeE - 5 V) 

IPee 190 300 

Example: 
8PXM 

-40 to +80 

230 
300 
32 
50 

200 
100 
750 
650 

850 
440 to 1070 

0.17 
0.6)( 06 
1.3)( 1.9 

tlB 

6 

25 (~200) 

BPX81 .... BPX82-89 
BPX80 

~2. 5 1.25 to 3 .2 

~ .63 .32 to .80 

8 5 .5 to 8 

150 150 

450 450 

·C 

OC 
·c 
V 

mA 
mA 
mW 
K/W 
K/W 

nm 
nm 

mm1 
mm 
mm 
Dcg 

pF 

nA 

".A 

,.A 

,,5 

mV 

The ~ r .... 10 unNIlfed radllllOn 01 .1Ungsl .... t._ lamp al a color ...... pe<alur. 01 
2656 K tstandafd ~ A on eocorClance""'" DIN 5033 andlEC 306·11 Irradtanc. E mellUred Wllh 
HP radl .... Au. meier ~A MIh opIlQn 013 • 

• Measu,ed MIh lEO ~ • 950 nm Ipc{ • Photocu"8n4 of l'a"""Ots I • Pholocurren, 0' 
Couec'OI" .Ba_Ooode PCB 

Specifacallons are sub,ect to c hange Without nOtice 
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SPEED - SUM SAMPLE - A 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 2.07 0.32 4.07 0.32 6.07 0.18 7.59 

2 2.21 0.25 4.14 0.64 6.43 0.50 8.43 

3 2.50 0.38 4.64 0.35 6.64 0.52 8.57 

4 2.57 0.42 5.07 0.42 6.57 0.56 8.50 

5 3.57 0.68 5.79 0.65 7.79 0.80 10.36 

6 3.07 0.32 5.64 0.44 8.43 0.42 10.79 

7 3.21 0.25 5.64 0.35 8.43 0.42 10.36 

8 3.29 0.45 5.71 0.45 8.50 0.46 10.29 

9 3.14 0.44 5.43 0.56 8.36 0.44 11.64 

10 3.14 0.23 6.21 0.36 9.21 0.59 12.14 

1st SEAM MIN - 2. 07nm MAX - 3. 57nm RANGE - 1.5nm 
MEAN - 2.88nm (SO 0.48) 

SO MIN 0.25 SO MAX 0.68 MEAN 0.37 (SO 0.13) 

2nd SEAM MIN - 4.07nm MAX - 6.2lnm RANGE - 2.14mn 
MEAN - 5.23mn (SO 0.69) 

SO MIN 0.32 SD MAX 0.65 MEAN 0.45 (SO 0.12) 

3rd SEAM MIN - 6.07nm MAX - 9.2lnm RANGE - 3.14mn 
MEAN - 7. 64ntn (SO 1.05) 

SO MIN 0.18 SO MAX 0.80 MEAN 0.49 (SD 0.15) 

4th SEAM MIN - 7. 59mn MAX - 12.14mn RANGE - 4. 55nm 
MEAN - 9. 87nm (SO 1.44) 

SO MIN 0.42 SO MAX 0.74 MEAN 0.56 (SO 0.12) 
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0.45 

0.62 

0.42 

0.54 

0.74 

0.43 

0.64 

0.45 

0.52 

0.74 



<PF.RKIm - F.XPERIF.KED 

SPEED - SIatl SAMPIE - B 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 2.43 0.42 4.00 0.36 5.64 0.52 7.21 

2 3.00 0.38 5.07 0.42 6.93 0.56 8.93 

3 2.79 0.45 5.43 0.56 7.79 0.84 10.0 

4 3.14 0.23 5.79 0.59 8.29 0.88 10.93 

5 3.36 0.44 5.86 0.64 8.21 0.36 11.0 

6 3.64 0.69 6.36 0.52 9.00 0.46 10.85 

7 3.93 1.02 5.79 1.19 8.29 0.92 10.78 

8 3.21 0.70 6.00 0.80 9.00 1.04 12.14 

9 3.86 0.64 7.07 0.86 10.36 1.06 13.57 

10 3.86 0.79 7.21 0.92 10.57 1.15 14.07 

1st SEAM MIN - 2.43nm MAX - 3.93nm RANGE - 1.5nrn 
MEAN - 3.32nrn (SO 0.48) 

SD MIN 0.23 SD MAX 1.02 MEAN 0.58 (SO 0.22) 

2nd SEAM MIN - 4. Onm MAX - 7. 2lntn RANGE - 3. 2lntn 
MEAN - 5. 86nrn (SO 0.89) 

SO MIN 0.36 SD MAX 1.19 MEAN 0.67 (SO 0.24) 

3rd SEAM MIN - 5.64nrn MAX - 10.57mn RANGE - 4.93nm 
MEAN - 8.4lntn (SO 1.40) 

SO MIN 0.36 SO MAX 1.15 MEAN 0.78 (SO 0.27) 

4th SEAM MIN - 7.2lnrn MAX - 14.07nrn RANGE - 6.86nrn 
MEAN - 10. 95nrn (SO 1. 92 ) 

SO MIN 0.69 SO MAX 1.45 MEAN 0.97 (SO 0.26) 
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0.70 

0.68 

0.96 

1.02 

0.85 

0.69 

0.84 

1.22 

1.29 

1.45 



SPEED - FAST SAMPIE - A 

SEAM SEAM SEAM SEAM 

1 SD 2 SO 3 SO 4 

1 1.57 0.68 2.79 0.75 4.65 1.84 6.71 

2 1. 71 0.88 4.07 0.94 5.50 1.16 7.14 

3 2.14 1.06 4.71 0.96 6.36 0.64 8.21 

4 2.43 0.56 4.21 0.80 6.14 0.99 8.43 

5 2.86 0.52 5.63 0.35 8.07 0.42 9.57 

6 4.43 0.49 7.50 0.46 10.29 0.25 12.57 

7 3.86 0.35 6.36 0.44 8.71 0.25 11.79 

8 4.07 0.42 6.50 0.38 8.86 0.35 11.50 

9 3.50 0.27 6.64 0.35 9.71 0.36 12.93 

10 3.29 0.45 6.29 0.52 9.00 0.85 12.06 

1st SEAM MIN - 1.57mm MAX - 4.43mm RANGE - 2.86mm 
MEAN - 2.99mm (SO 0.95) 

SO MIN 0.27 SO MAX 1.06 MEAN 0.57 (SO 0.23) 

2nd SEAM MIN - 2. 79mm MAX - 7. 50mm RANGE - 4. 7lmn 
MEAN - 5.47mm (SO 1.39) 

SO MIN 0.35 SO MAX 0.96 MEAN 0.~9 (SO 0.23) 

3rd SEAM MIN - 4.65mm MAX - 10.29mm RANGE - 5.64mn 
MEAN - 7. 73mm (SO 1.82) 

SO MIN 0.25 SO MAX 1.84 MEAN 0.71 (SO 0.84) 

4th SEAM MIN - 6.7lmm MAX - 12.93mm RANGE - 6.22ntn 
MEAN 10.09mm (SD 2.22) 

SO MIN O. 32 SO MAX 1. 85 MEAN O. 77 (SO 0.47) 
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1.85 

1.22 

0.59 

1.12 

0.49 

0.32 

0.52 

0.38 

0.32 

0.93 



SPEED - FAST SAMPIE - B 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 2.29 0.45 3.93 0.73 5.00 1.16 6.57 

2 2.50 0.53 4.93 0.78 6.71 0.80 9.14 

3 2. et6 0.23 5.14 0.44 7.14 0.52 8.86 

4 3.57 0.73 5.57 0.62 7.86 0.69· 10.64 

5 3.79 0.45 5.93 0.86 7.86 0.91 9.43 

6 3.14 0.52 6.21 0.80 8.64 1.27 10.93 

7 4.21 0.84 6.43 0.86 8.43 0.62 11.07 

8 3.30 0.46 6 .. 50 0.65 9.43 0.86 12.50 

9 4.36 0.91 7.43 1.12 10.86 1.22 14.36 

10 3.79 0.70 7.07 1.05 10.43 0.90 14.50 

1st SEAM MIN - 2.29mm MAX - 4.36mm RANGE - 2.07mm 
MEAN - 3.38mm (SO 0.66) 

SO MIN 0.23 SO MAX 0.91 MEAN 0.58 (SO 0.20) 

2nd SEAM MIN - 3.93mm MAX - 7.43mm RANGE - 3.5mm 
MEAN - 5.91mm (SO 1.0) 

SO MIN 0.44 SO MAX 1.12 MEAN 0.79 (SO 0.19) 

3rd SEAM MIN - 5.0Omm MAX - 10.86mm RANGE - 5.86mn 
MEAN - 8.24nm (SO 1.66) 

SO MIN 0.52 so MAX 1.27 MEAN 0.90 (SD 0.24) 

4th SEAM MIN - 6.57mm MAX - 14.5Omm RANGE - 7.93mn 
MEAN - 10.8Omm (SO 2.36) 

SO MIN 0.56 SO MAX 1.64 MEAN 1.11 (SD 0.33) 
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1.18 

1.25 

0.69 

0.83 

1.37 

1.40 

0.56 

·0.85 

1.64 

1.28 



SAMPIE - A 

SEAM SEAM SEAM SEAM 

1 SD 2 SO 3 SO 4 

1 3.79 0.45 7.50 0.80 10.79 0.99 14.21 

2 5.79 0.59 7.79 0.53 9.57 0.56 11.21 

3 2.93 0.17 5.43 0.42 7.57 0.32 9.79 

4 6.00 0.60 12.14 1.16 18.14 1.06 23.79 

5 5.71 0.59 10.14 0.87 14.21 1.38 18.64 

6 3.21 0.45 6.14 0.35 8.50 0.27 11.07 

7 2.92 0.50 5.93 0.56 8.29 0.52 10.78 

8 3.14 0.52 6.00 0.60 8.93 0.98 10.50 

9 3.86 0.23 6.57 0.17 8.93 0.32 11.43 

10 3.64 0.35 6.36 0.23 8.50 0.27 10.71 

1st SEAM MIN - 2.92mm MAX - 6.0Omm RANGE - 3.08mm 
MEAN - 4.lmm (SD 1.18) 

SD MIN 0.17 SD MAX 0.60 MEAN 0.45 (SD 0.14) 

2nd SEAM MIN - 5. 43nrn MAX - 12.141T1n RANGE - 6. 7lmm 
MEAN - 7.4mn (SD 2.04) 

SD MIN 0.17 SD MAX 1.16 MEAN 0.57 (SD 0.29) 

3rd SEAM MIN - 7.57mn MAX - 18.141T1n RANGE - 10.57mn 
MEAN - 10.341T1n (SD 3.15) 

SD MIN 0.27 SD MAX 1.38 MEAN 0.67 (SD 0.38) 

4th SEAM MIN - 9. 79mn MAX - 23. 79mn RANGE - 14. oOmm 
MEAN - 13.2lmm (SD 4.31) 

SD MIN 0.17 SD MAX 1. 88 MEAN 0.71 (SD 0.51) 
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1.10 

0.45 

0.45 

1.25 

1.88 

0.42 

0.52 

0.60 

0.17 

0.25 



SPEED - SI.Dfl SAMPlE - B 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 2.71 0.53 4.79 0.70 6.79 0.92 9.07 

2 2.57 0.49 4.43 0.73 6.00 0.85 7.57 

3 6.57 0.78 8.86 1.25 10.79 1.83 12.79 

4 5.29 0.52 10.50 1.13 16.43 1.29 22.64 

5 4.93 0.68 10.07 1.08 15.64 1.46 21.71 

6 3.93 0.56 7.07 0.78 10.64 1.12 13.50 

7 3.36 0.69 6.86 0.52 9.93 0.56 12.93 

8 3.43 1.21 6.21 1.13 8.07 0.62 10.57 

9 3.79 0.80 6.43 0.78 8.93 1.08 11.57 

10 3.71 0.84 6.64 1.38 8.29 1.13 10.93 

1st SEAM MIN - 2.57mm MAX - 6.57mm RANGE - 4.Qrnm 
MEAN - 4.03mm (SO 1.17) 

SO MIN 0.49 SD MAX 1.21 MEAN 0.71 (SO 0.21) 

2nd SEAM MIN - 4.43mm MAX - 10.5Omm RANGE 6.07mm 
MEAN - 7.19rnn (SO 1.93) 

SO MIN 0.52 SO MAX 1.38 MEAN 0.95 (SD 0.27) 

3m SEAM MIN - 6.0Omm MAX - 16.43mm RANGE - 10.43mm 
MEAN - 10.15nm (SO 3.29) 

SO MIN 0.56 SO MAX 1.83 MEAN 1.09 (SO 0.36) 

4th SEAM MIN - 7. 57mm MAX - 22. 64mn RANGE - 15. 07nm 
MEAN - 13.33mn (SD 4.75) 

SO MIN 0.68 SD MAX 2.08 MEAN 1.29 (SD 0.51) 
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0.90 

1.18 

2.05 

2.08 

1.96 

1.25 

0.68 

0.82 

0.94 

1.05 



SPEED - FAST SAMPIE - A 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 4.14 0.91 6.29 0.92 9.07 1.47 11.21 

2 3.14 0.64 5.07 1.02 7.29 1.16 11.14 

3 4.07 0.73 8.00 0.93 10.43 0.90 12.64 

4 6.57 0.42 9.64 1.38 14.14 1. 73 17.86 

5 6.36 1.36 11.14 2.08 15.00 1.67 19.86 

6 5.43 0.98 6.21 1.19 8.43 1.27 11.36 

7 3.86 0.79 6.64 1.03 9.36 1.36 10.57 

8 4.14 0.58 6.07 0.73 8.00 0.60 10.25 

9 4.43 0.78 6.71 0.52 8.79 0.45 11.64 

10 4.29 0.84 13.29 6.50 10.07 1.24 11.00 

1st SEAM MIN - 3.14mm MAX - 6.57mm RANGE - 3.43mm 
MEAN - 4.64mm (SO 1.06) 

SO MIN 0.42 SO MAX 1.36 MEAN 0.8 (SO 0.24) 

2nd SEAM MIN - 5. 07mm MAX - 13. 29mm RANGE - 8. 22mn 
MEAN - 7.9lmm (SO 2.5) 

SO MIN 0.52 SO MAX 6.50 MEAN 1.63 (SO 1.67) 

3rd SEAM MIN - 7. 29mm MAX - 15. oOmm RANGE - 7. 7lmm 
MEAN - 10.06mn (SO 2.43) 

SO MIN 0.45 SO MAX 1. 73 MEAN 1.19 (SO 0.40) 

4th SEAM MIN - 10.25mm MAX - 19.86mn RANGE - 9.6lmm 
MEAN - 12.75mm (SO 3.14) 

SO MIN 0.35 SO MAX 2.66 MEAN 1.34 (SO 0.71) 
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1.28 

2.66 

0.91 

2.15 

2.12 

0.95 

1.47 

0.85 

0.35 

0.65 



SPEED - FAST SAMPIE - B 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 3.07 1.59 5.50 1.93 7.71 2.25 10.43 

2 3.50 2.15 5.71 2.28 8.07 2.57 10.29 

3 5.07 0.49 7.07 1.15 10.14 1.57 12.71 

4 5.36 0.64 11.57 0.86 15.93 1.86 21.57 

5 6.64 0.64 10.50 1.41 16.07 2.66 18.36 

6 4.29 1.62 8.00 1.36 9.57 1.05 11.57 

7 3.36 0.79 5.64 1.06 7.93 1.72 11.43 

8 3.21 1.10 6.00 0.93 8.29 1.64 11.00 

9 4.36 0.99 6.43 1.64 8.57 1.18 12.14 

10 3.71 1.10 6.57 1.29 10.0 1. 73 12.36 

1st SEAM MIN - 3.07mm MAX - 6.64mm RANGE - 3.57mm 
MEAN - 4.26mm (SO 1.08) 

SD MIN 0.49 SD MAX 2.15 MEAN 1.1 (SD 0.5) 

2nd SEAM MIN - 5.5Ornn MAX - 11.57mm RANGE - 6.07mn 
MEAN - 7.3mm (SD 2.01) 

SD MIN 0.86 SO MAX 2.28 MEAN 1.39 (SO 0.43) 

3rd SEAM MIN - 7. 7lmm MAX - 16.07mm RANGE - 8.36mn 
MEAN - 10.23mm (SD 3.0) 

SD MIN 1.05 SO MAX 2.66 MEAN 1.82 (SD 0.51) 

4th SEAM MIN - 10.29mm MAX - 21.57mn RANGE - 11.28mn 
MEAN - 13.19mm (SD 3.54) 

SD MIN 0.82 SD MAX 3.49 MEAN 1.93 (SD 0.73) 
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2.21 

3.49 

1.94 

2.04 

2.26 

0.82 

2.50 

1.13 

1.64 

1.30 



SAMPIE - A 

SEAM SEAM SEAM SEAM 

1 SD 2 SD 3 SD 4 

1 5.67 0.47 7.83 0.47 9.50 0.65 12.75 

2 5.25 0.25 7.83 0.37 10.08 0.45 12.25 

3 5.25 0.38 7.83 0.37 10.50 0.76 12.83 

4 5.67 0.47 8.17 0.55 10.50 0.50 12.67 

5 5.83 0.69 7.75 0.63 10.42 0.67 12.67 

6 4.92 0.34 8.25 0.56 10.58 0.67 12.83 

7 5.58 0.45 8.08 0.61 10.83 0.94 13.08 

8 5.33 0.37 8.33 0.69 10.50 0.71 13.25 

9 5.33 0.80 7.67 0.47 10.67 0.24 12.58 

10 5.83 0.24 8.25 0.56 10.83 0.62 13.00 

1st SEAM MIN - 4.92rnn MAX - 5.83mn RANGE - 0.9mn 
MEAN - 5.47mn (SD 0.28) 

SO MIN 0.24 SO MAX 0.8 MEAN 0.45 (SO 0.17) 

2nd SEAM MIN - 7. 67mn MAX - 8. 33mn RANGE - o. 66mn 
MEAN - 8.Omn (SO 0.23) 

SO MIN 0.37 SO MAX 0.69 MEAN 0.53 (SO 0.1) 

3rd SEAM MIN - 9.5mn MAX - 10.83mn RANGE - 1.33mn 
MEAN - 10.44mn (SO 0.37) 

SO MIN 0.24 SO MAX 0.94 MEAN 0.62 (SO 0.18) 

4th SEAM MIN - 12.25mn MAX - 13.25mn RANGE - l.Ornn 
MEAN - 12.79nm (SO 0.27) 

SO MIN 0.24 SO MAX 0.85 MEAN 0.53 (SO 0.21) 
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0.38 

0.85 

0.55 

0.47 

0.24 

0.62 

0.79 

0.75 

0.34 

0.29 



SPEED - SIDtl SAMPIE - B 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 3.50 3.13 6.70 2.11 9.10 2.06 11.80 

2 4.10 1.91 6.80 1. 78 8.90 1.77 11.20 

3 4.00 1. 76 6.50 1.92 8.70 2.06 11.30 

4 4.00 1.86 6.20 1.86 9.20 1.50 11.20 

5 4.45 1.83 7.30 0.95 8.60 1.83 11.50 

6 3.85 2.16 6.40 1.62 8.80 1. 78 11.40 . 
7 4.10 1.66 6.60 1.93 9.10 1.59 9.10 

8 3.20 2.11 6.3.0 1.63 8.40 1.91 11.80 

9 4.20 1.72 6.40 1.62 9.00 1. 79 11.10 

10 2.90 2.99 6.50 2.10 9.30 2.32 11.50 

1st SEAM MIN - 2. 90nrn MAX - 4. 45nm RANGE - 1.55nm 
MEAN - 3.83rnm (SD 0.46) 

SO MIN 1.66 SD MAX 3.13 MEAN 2.11 (SD 0.5) 

2nd SEAM MIN - 6. 2nm MAX - 7. 3rnm RANGE - 1.1Omn 
MEAN - 6.57nm (SD 0.30) 

SD MIN 0.95 SO MAX 2.11 MEAN 1.75 (SD 0.32) 

3m SEAM MIN - 8. 4nrn MAX - 9. 3rnm RANGE - O. 9mn 
MEAN - 8.9lnm (SO 0.27) 

so MIN 1.5 SO MAX 2.31 MEAN 1.86 (SO 0.23) 

4th SEAM MIN - 9.lnm MAX - 11.8nm RANGE - 2. 7nm 
MEAN - 11.19.mm (SO 0.73) 

so MIN 1.5 SO MAX 2.23 MEAN 1.83 (SO 0.27) 
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2.23 

1.57 

1.50 

2.01 

1.52 

1.96 

1.59 

1.99 

1.66 

2.21 



SPEED - FAST SAMPIB - A 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 

1 5.42 0.98 8.08 0.73 10.75 0.63 12.50 

2 5.67 0.90 8.17 0.62 10.33 0.47 12.08 

3 4.25 0.38 5.42 0.45 8.00 0.41 10.50 

4 5.83 0.24 8.17 0.24 10.17 0.75 12.33 

5 4.42 0.45 7.92 0.61 10.58 0.61 12.58 

6 5.83 0.47 8.00 0.58 10.00 0.76 12.50 

7 5.50 0.40 7.33 0.90 10.67 0.47 12.67 

8 5.33 0.47 7.83 0.80 10.00 0.41 12.00 

9 4.92 0.34 7.92 0.45 9.92 0.79 12.08 

10 5.25 0.48 7.75 0.38 10.00 0.87 12.33 

1st SEAM MIN - 4.25mm MAX - 5.83mm RANGE - 1.5Bmm 
MEAN - 5.24mm (SO 0.52) 

SO MIN 0.24 SO MAX 0.98 MEAN 0.51 (SO 0.23) 

2nd SEAM MIN - 5. 42mm MAX - 8.17mm RANGE - 2. 75mm 
MEAN - 7.66mm (SO 0.78) 

SO MIN 0.24 SO MAX 0.90 MEAN 0.58 (SO 0.19) 

3rd SEAM MIN - 8.Onm MAX - 10.75mn RANGE - 2.75mm 
MEAN - 10.04mm (SO 0.74) 

SO MIN 0.41 SO MAX 0.87 MEAN 0.62 (SO 0.16) 

4th SEAM MIN - 10.5mn MAX - 12.67mm RANGE - 2.17mm 
MEAN - 12.16mm (SO 0.59) 

SO MIN 0.24 SO MAX 1.04 MEAN 0.61 (SO 0.21) 
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0.58 

0.34 

1.04 

0.62 

0.79 
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0.24 

0.58 
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SPEED - FAST SAMPIE B 

SEAM SEAM SEAM SEAM 

1 SO 2 SO 3 SO 4 SO 

1 3.70 2.36 8.50 1. 70 10.30 1.44 11.10 0.86 

2 4.80 1.21 7.40 0.80 9.70 1.81 11.60 1.66 

3 4.70 1.96 6.90 1.56 9.20 1.36 11.60 1.28 

4 4.50 1.38 6.90 1.16 8.80 0.93 11.20 1.29 

5 3.20 1.83 6.80 1.29 9.40 1.46 12.40 1.24 

6 1.80 2.29 6.10 1.39 8.70 1.72 11.20 2.14 

7 3.80 2.14 6.50 1.05 9.10 2.24 11.30 1.50 

8 5.20 2.29 7.30 2.18 8.70 1.83 11.70 2.73 

9 5.00 1.84 7.60 1.28 10.30 1.69 11.60 1.88 

10 4.90 0.80 7.20 1.08 9.90 0.86 12.10 1.16 

1st SEAM MIN - 1.8ntn MAX - 5. 2mn RANGE - 3. 4mn 
MEAN - 4.16mm (SO 1.0) 

SO MIN 0.8 SO MAX 2.36 MEAN 1.81 (SO 0.5) 

2nd SEAM MIN - 6.lmm MAX - 8. 5mm RANGE - 2. 4nm 
MEAN - 7.12mn (SO 0.62) 

SO MIN 0.8 SO MAX 2.18 MEAN 1.53 (SO 0.37) 

3m SEAM MIN - 8. 70mm MAX - 10. 3mm RANGE - 1. 6rnn 
MEAN - 9.4lmn (SO 0.59) 

SO MIN 0.86 so MAX 2.24 MEAN 1.35 (SO 0.40) 

4th SEAM MIN - l1.lmm MAX - 12. 4nm RANGE - 1. 3rnn 
MEAN - 11.58mn (SO 0.39) 

SO MIN 0.86 SO MAX 2.73 MEAN 1.57 (SO 0.52) 
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~K 

Review of adhesive pick-up devices 

Review of patents 

1. E G Rider us Patent 2,351,367 June 13 1944 

Sheet feeding rrechanism 

This is one of the earliest known inventions relating to a 

paper feeding mechanism. It covers a means for renoving one sheet at 

a time fran a stack and delivering the sheets to a predetermined 

location. Mention is made of earlier attempts at sheet feeders 

utilising liquid glue or adhesive (no references), and states that 

liquid adhesive is subject to tEl'lperature changes and the quantities 

required are difficult to control. 

2. R L Sjostrom US Patent 2,919,129 Dec. 29 1959 

Sheet feeding machine 

This invention relates to a device for successive renoval of 

-individual sheets of material fran a stack of sheets, and the 

successive delivery of the sheets to a desired location. The patent 

states that attatpts had been made in the paper industry to feed 

sheets of material with the use of an adhesive material. It states 

that whilst devices used in the paper industry had been satisfactory 

for that type of industry, the machines are not suitable for delivery 

of textile materials because the means of stripping the sheet 

material fran the adhesive are not positive and oonsequently do not 

provide a certainty of operation. 
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3. C Arbter us Patent 3,083,961 April 2 1963 

Pick-up device for use in feeding mechanism and the like 

Assignee: G M pfaff N,; 

This invention relates to pick-up devices for use in feeding 

mechanisms for advancing work pieces fran one work station to another 

in the oourse of fabrication or processing operations. The pick-up 

device oonsists of a an adhesive tape which passes around rollers so 

that the adhesive surface is exposed through the device to engage the 

material. In order to provide a fresh supply of adhesive to each 

piece or unit being fed, the tape may be advanced intennittently or 

step-by step in synchronisation with the pick-up or feeding 

operation. 

4. B L Bite us Patent 3,099,970 August 6 1963 

Garment lNOrking Apparatus 

Assignee: vanity Fair Mills, Inc. 

This invention relates to apparatus for handling and performing 

operations on garnents and sections thereof, and is directed m::>re 

particularly to a novel and irrproved apparatus for autanatically 

assembling and perfonning seaming operations on gannents. The pick-up 

unit for this invention consists of a frame bar upon which a roll of 

pressure sensitive tape (cxmnercial tape suggested "Scotch") is 

attached. 
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5. H Jacobs US Patent 3,223,059 Dec. 14 1965 

Autanatic feeding, sewing, cutting and stacking apparatus 

This invention relates to a Se\rling ~atus and has as its 

objective the provision of the autanatic Se\rling machine assembly. The 

feeding of stacked pieces fran a platform is achieved by an adhesive 

such as a tape. Means is provided for the tape to be lNOund fran one 

roll to another. 

6. AG Beazley us Patent 3,589,320 June 29 1971 

Pocket blank sewing machine 

Assignee: Farah Man. Co. Inc 

This invention relates to a repetitive sewing machine operation 

and awaratus. M:>re specifically it relates to a sewing machine in 

cx:mbination with apparatus and means to sew back pocket blanks used 

in pants whereby this liltpid blank is autanatically advanced, 

positioned, sewn separated, and rem:>ved during this operation. 

The pick-up and transfer of the pocket blank is effected by a 

transfer device consisting of an adhesive tape reel. 

7. W R Conner Jr. US Patent 3,670,674 June 20, 1972 

Autanatic feeder for lNOrkpieces of fabric or the like 

Assignee: KelllNOOd carpany 

This invention relates to autanatic feeders for lNOrkpieces of 

fabric or the like, and nore particularly to ~atus for 

autaratically feeding such lNOrkpieces one after another fran a stack 

thereof to and through a sewing machine for a sewing operation along 
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an edge of each 1NOrkpiece. 

Other pick-up devices 

ARF De!nDnstration rink 

This was a study of autanated handling of lirrp fabrics for the 

Apparel Research Foundation Inc. (ARF) carried out by Arthur D Little 

Inc. (ADL). These study was carried out in a mnnber of phases. Phase 

I being a state-of-the-art investigation and Phase II being split 

into t1NO parts:-

A - An experimental program, and 

B - The development of a demonstration rink. 

In dealing with the task of separation and pick-up of a single 

ply from a stack of cut parts ARF and ADL believed, as a result of 

the Phase I studyl, that the problem of separation and pick-up fram 

the top of a stack was resolved by existing techniques, such as the 

Pfaff pressure-sensitive pick-up2. '!bey did however investigate and 

develop a top feeding device that 1NOuld separate a single ply fram 

the top of a stack of cut pieces by different principle than that 

used in the pfaff device which relied on needle hold-back of the 

other plies. It was found that problans were being encountered with 

edge-strand entanglenent as well as interfibre entanglement between 

plies. 'Ibis led to the incorporation of a card cloth device used in 

oonjunction with the pressure sensitive tape pick-up. The card cloth 

was used to stretch the cloth on the bias to eliminate the problem of 

edge and strand entanglement. 

A bottan feed was also developed which again relied on securing 
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the ply by the use of a pressure sensitive adhesive tape. The stack 

of pieces \&Jere positioned on a V-shaped trough which had a two inch 

gap running the length of the bottan. '!he comer of the bottom ply 

came into contact with a strip of pressure sensitive tape, which 

subsequently pulled the ply through the gap. A roller was used at the 

l:x:>ttan edge of the feeder to ensure that the bottan ply would be 

pulled down into the gap without folding up. '!hey found that by using 

a bottan feeder work could be fed in fran the top allowing the feeder 

to be used continuously. 

Adhesive tape pickup devices have been used oammercially for a 

mnllber of years. Many machine manufacturers have developed their own 

adhesive pickup devices for their own particular picking operations. 

This has meant that very little published infonnation concerning the 

oammercial availability of such devices exists. 

one device which is currently available is that produced by 

Maschinanfabrik Herbert Meyer QnbH of W. Gennany. nus device is used 

in the 'RoOOt-Tex' robotic system for single ply picking of fabric 

pieces fram a stack. It consists of an adhesive tape roll 

incorporated into the device. 

References 

( 1) APPAREL RESEAROi FUJNDATICN INC., "Phase I : State of the art 

investigation on autanated handling of linp fabrics", Report No. 

C67184, AUg. 1965. 

(2) Ibid. "Phase II Autanated handling of linp fabrics". 
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~L 

.~' Adhesive - Manufacturer's Specificat.i.oo. 

Manufacturer: Mr. Carl Shimnin 

53 Kingsway Road 

leicester. 

7000 series (High Tack) lIdhesive 

water washable PPS adhesive. (Pressure sens~ ti ve). Non 

plasticized, non-shine, non-swelling, non-toxic. 

*Tarperature ranges 

CUred film 

CUring range 

Storage range -

*Shelf life 

em.llsion - 12 nonths 

70°C 

95°C (Do not boil) 

70°C (Do not freeze) 

cured film - greater than 5 years 

*Tensile strength at break (Standard climatic oonditions 

23°C, 50% RH ; DIN 50014) 

- apprax. 0.15 N/mm2 

*Elongation at break (Standard climatic oonditions 

23°C, 50% RH ; DIN 50014) 

- 2000% 

*Drying inprovers - III Trichlorethane (up to 5%), 

methylated spirits. 

*Afplication areas - Holding (t.enporary adhesion), 

cleaning. 
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Analysis of lIlBter take-up 

Mass 
Uptake -
(%) 

15.0+ * 

* * 
10.0+ * 

* 

5.0+ * * 

* 
*2* 

0.0+ * 
+---------+---------+---------+---------+---------+------

0.0 1.6 3.2 4.8 6.4 8.0 

Sq. rt Time (hourS) 

The regression equation is:-

Mass Uptake (%) = 1. 29 + 1. 56. Sq. rt Tirre (in hours) 

-------------------------------------------------------------

Predictor 
Constant 
Sq.rt Time 

s = 0.5768 

(bef 
1.2861 
1.56021 

R-sq = 98.7' 

Stdev 
0.2362 
0.05418 

t-ratio 
5.45 
28.80 

R-sq(adj) = 98.6% 

-------------------------------------------------------------
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AJ.:pDiix M 

Testing Specifications 

TES'1'1lG SP&:IFICATI~ 1 

Experiment 1 - Effect of number of separations on the separation 

force 

A perfornance test for Magnatac high tack adhesive, to 

detennine the ~rking limits for the adhesive under repeated pickup 

conditions without cleaning. 

Test Specimens 

Interlock fabric as supplied, specimen size 40 x 40 mm firmly 

attached to base plate. 

Test block 25 x 25 mm as supplied, coated with adhesive. 

Test Procedure 

1. Instron testing machine setting 

Test Method 
!.Dad Cell 
Sanple Rate 
crosshead Speed 

- 9 
- 10 N 
- 10 pts/sec 
- 200 nm/min 

.2 • Fix base plate in bottan jaw, directly under load cell. 

3. Position test block squarely on base plate so that it 
can be griwed by the top jaws. 

4. Apply a 500g load to the test block for 1 seoand. 

5. Clarrp test block in top jaw and balance load on Instron. 

6. Take the first 20 readings and thereafter every 10th 

(rerove the test block manually be'bNeen readings). 

7. Repeat until a significant reduction in perfonnance is 

experienced. 

8. Test 5 times with new fabric and adhesive surface. 
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Experiment 2 - Effect of cleaning and number of separations on the 

separation force 

A performance test for Magnatac high tack adhesive, to 

determine the \alOrking limits for the adhesive under repeated pickup 

conditions with cleaning. 

Test Specimens 

Interlock fabric as supplied, specimen size 40 x 40 mn firmly 

attached to base plate. 

Test block 25 x 25 mn as supplied, coated with adhesive. 

Test Procedure 

1. Instron testing machine setting 
Test Method - 9 
wad Cell - 10 N 
Sample Rate - 10 pts/sec 
Crosshead Speed - 200 mn/min 

2. Fix base plate in bottan jaw, directly under load cell. 

3. Position test block squarely on base plate so that it 
can be gripped by the top jaws. 

4. Apply a 500g load to the test block for 1 second. 

5. Clarcp test block in top jaw and balance load on Instron. 

6. Take the first 20 readings and. thereafter every 10th 
(rarove the test block manually between readings). 

7. After 100th separation clean adhesive surface as 
instructed and. repeat experi.rrent. 

8. Test until a significant reduction in performance is 
found. 
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'lES'l'llG SPOCIFlCATICti 3 

Experiment 3 - Effect of cleaning on the separation force 

A perfonnance test for Magnatac high tack adhesive, to 

detennine the \fJOrking limits for the adhesive under repeated cleaning 

oondi tions . 

Test Specimens 

Interlock fabric as supplied, specimen size 40 x 40 mn finnly 

attached to base plate. 

Test block 25 x 25 nrn as supplied, coated with adhesive. 

Test Procedure 

1. Instron testing machine setting 
Test Method - 9 
!Dad Cell - 10 N 
Sanple Rate - 10 pts/sec 
Crosshead Speed - 200 nrn/min 

2. Fix base plate in bottom jaw, directly under load cell. 

3. Position test block squarely on base plate so that it 
can be gripped by the top jaws. 

4. Apply a 500g load to the test block for 1 seoand. 

5. Clanp test block in top jaw and balance load on Instron. 

6. Take reading. 

7. Rem:>ve test block and inhibit the tack with fine talc or 
chalk dust. 

8. Clean adhesive surface as specified and repeat 
experiment. 

9. Test until a significant reduction in performance is 
found. 
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Experiment 4 - Effect of contact time on the separation force 

A performance test for Magnatac high tack adhesive, to 

determine the effect contact time has on the bond strength. 

Test Specimens 

Interlock fabric as supplied, specimen size 40 x 40 mm firmly 

attached to base plate. 

Test block 25 x 25 mm as supplied, coated with adhesive. 

Test Procedure 

1. Instron testing machine setting 
Test Method - 9 
Load Cell - 10 N 
Sarrple Rate - 10 pts/sec 
crosshead Speed - 200 mm/min 

2 . Fix base plate in bottan jaw, directly under load cell .. 

3. Position test block squarely on base plate so that it 
can be gripped by the top jaws. 

4. Apply a 500g load to the test block for stated tine. 

s. Clanp test block in top jaw and balance load on Instron. 

6. Take 5 readings. 

7. Repeat experiment for each of the following oontact times:-

Is, 2s, 3s, 4s, 5s, 6s, 7s, 8s, 9s, lOs, 30s, ~. 
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'JES'I'Il«; SPEX:IFICATICN 5 

Experiment 5 - Effect of applied load on the separation force 

A perfonnance test for Magnatac high tack adhesive, to 

cietennine the effect applied load has on the bond strength. 

Test Spec.irrens 

Interlock fabric as supplied, specimen size 40 x 40 mn finnly 

attached to base plate. 

Test block 25 x 25 mn as supplied, coated with adhesive. 

Test Procedure 

1. Instron testing machine setting 
Test Method - 9 
Load Cell - 10 N 
Sanple Rate - 10 pts/sec 
crosshead Speed - 200 mn/min 

2. Fix base plate in bottan jaw, directly under load cell. 

3. Position test block squarely on base plate so that it 
can be gripped by the top jaws. 

4. Apply stated load to the test block for 1 seoond. 

5. Clanp test block in top jaw and balance load on Instron. 

6. Take 5 readings. 

7. Repeat experiment for each of the following loads 

100g, 200g, 500g, lKg, 1.5Kg, 2Kg. 
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'1F.SrlJ.lC SPJOCIFlCATICE 6 

Experiment 6 - Effect of separation rate on the separation force 

A performance test for Magnatac high tack adhesive, to 

determine the effect separation rate has on the force required to 

separate fabric fram adhesive. 

Test Specimens 

Interlock fabric as supplied, specimen size 40 x 40 mm firmly 

attached to base plate. 

Test block 25 x 25 nm as supplied, ooated with adhesive. 

Test Procedure 

1. Instron testing machine setting 
Test Methc:x:l - 9 
!.Dad cell - 10 N 
Sallple Rate - 10 pts/sec 
crosshead Speed - As Stated 

2. Fix base plate in bottan jaw, directly under load cell. 

3. Position test block squarely on base plate so that it 
can be gripped by the top jaws. 

4. Apply 500g load to the test block for 1 second. 

5. Clanp test block in top jaw and balance load on Instron. 

6. Take 5 readings. 

7. Repeat experiment for each of the following crosshead 
speeds: 

10, 25, 50, 75, 100, 150, 200, 300, 400, and 500 mm/min. 
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Experiment 7 - Effect of adhesive area on the separation force 

A perfonnance test for Magnatac high tack adhesive, to 

detennine the effect the area of adhesive has on the force required 

to separate the fabric fran adhesive. 

Test Specimens 

Interlock fabric as supplied, specimen size 40 x 40 mn finnly 

attached to base plate. 

Test block 25 x 25 mn as supplied, coated with adhesive. 

Test Procedure 

1. Instron testing machine setting 
Test Methcxi - 9 
I.Dad Cell - 10 N 
semple Rate - 10 pts/sec 
crosshead Speed - 200 mn/min 

2. Fix base plate in bottan jaw, directly under load cell. 

3. Position test block squarely on base plate so that it 
can be gripped by the top jaws. 

4. AWly 500g load to the test block for 1 seamd. 

5. Clanp test block in top jaw and balance load on Instron. 

6. Take 3 readings. 

7. Repeat experiment for each of the follCMing adhesive 
areas:-

361, 301.5'7252.5, 193, 133.5, 109, 84.5, 72.3, 36.1, 
and 18.1 rmr 
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Results 1 

• Selotape '. 

Number of Separation Force (kg) 

Separations 1 2 3 Mean 

1 0.476 0.586 0.458 0.506 
2 0.443 0.502 0.322 0.422 
3 0.358 0.537 0.386 0.427 
4 0.405 0.438 0.402 0.415 
5 0.329 0.331 0.269 0.309 
6 0.391 0.313 0.351 0.351 
7 0.259 0.309 0.351 0.306 
8 0.313 0.295 0.311 0.306 
9 0.338 0.326 0.334 0.332 
10 0.349 0.259 0.347 0.318 
11 0.292 0.364 0.310 0.322 
12 0.325 0.256 0.324 0.301 
13 0.220 0.252 0.281 0.251 
14 0.313 0.271 0.345 0.309 
15 0.216 0.292 0.335 0.281 
16 0.227 0.286 0.281 0.264 
17 0.226 0.253 0.262 0.247 
18 0.227 0.262 0.289 0.259 
19 0.281 0.233 0.252 0.255 
20 0.277 0.282 0.269 0.276 
30 0.202 0.304 0.158 0.221 
40 0.183 0.217 0.259 0.219 
50 0.230 0.220 0.292 0.247 
60 0.240 0.205 0.275 0.240 
70 0.180 0.242 0.262 0.228 
80 0.162 0.226 0.249 0.212 
90 0.189 0.156 0.255 0.200 
100 0.141 0.155 0.262 0.186 
110 0.142 0.160 0.233 0.178 
120 0.179 0.219 0.223 0.207 
130 0.125 0.228 0.221 0.191 
140 0.156 0.205 0.181 0.180 
150 0.128 0.224 0.287 0.193 
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Masking Tape 

Number of Separation Force (kg) 

Separations 1 2 3 Mean 

1 1.364 1.216 1.076 1.218 
2 0.848 0.792 0.907 0.849 
3 0.558 0.652 0.556 0.588 
4 0.531 0.569 0.462 0.520 
5 0.505 0.489 0.505 0.499 
6 0.403 0.472 0.529 0.468 
7 0.346 0.456 0.617 0.473 
8 0.413 0.381 0.349 0.381 
9 0.368 0.314 0.376 0.352 

10 0.387 0.354 0.338 0.359 
11 0.255 0.282 0.287 0.274 
12 0.333 0.298 0.282 0.304 
13 0.239 0.330 0.333 0.300 
14 0.266 0.413 0.282 0.320 
15 0.258 0.290 0.298 0.282 
16 0.295 0.252 0.279 0.275 
17 0.239 0.365 0.395 0.333 
18 0.217 0.336 0.252 0.268 
19 0.226 0.295 0.303 0.274 
20 0.231 0.298 0.244 0.257 
30 0.175 0.196 0.201 0.190 
40 0.183 0.169 0.175 0.175 
50 0.148 0.169 0.158 0.158 
60 0.140 0.142 0.169 0.150 
70 0.118 0.137 0.132 0.129 
80 0.107 0.153 0.132 0.130 
90 0.134 0.158 0.107 0.133 

100 0.102 0.137 0.140 0.126 
110 0.123 0.102 0.118 0.114 
120 0.113 0.105 0.097 0.105 
130 0.097 0.102 0.091 0.096 
140 0.113 0.081 0.089 0.094 
150 0.102 0.113 0.105 0.106 
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Electrical Insulating Tape 

Number of Separation Force (Kg) 

Separations 1 2 3 Mean 

1 0.789 0.851 0.777 0.805 
2 0.648 0.600 0.565 0.604 
3 0.504 0.479 0 .• 518 0.500 
4 0.510 0.514 0.432 0.485 
5 0.428 0.521 0.525 0.491 
6 0.437 0.407 0.413 0.419 
7 0.431 0.423 0.344 0.399 
8 0.410 0.379 0.397 0.395 
9 0.406 0.336 0.381 0.374 

10 0.305 0.413 0.326 0.348 
11 0.319 0.386 0.341 0.348 
12 0.324 0.392 0.368 0.361 
13 0.302 0.338 0.364 0.334 
14 0.339 0.331 0.352 0.340 
15 0.322 0.328 0.352 0.334 
16 0.318 0.370 0.325 0.337 
17 0.312 0.311 0.341 0.321 
18 0.337 0.303 0.306 0.315 
19 0.409 0.349 0.347 0.368 
20 0.306 0.329 0.338 0.324 
30 0.300 0.327 0.268 0.298 
40 0.242 0.235 0.235 0.237 
50 0.202 0.263 0.244 0.236 
60 0.221 0.226 0.217 0.221 
70 0.169 0.227 0.210 0.202 
80 0.177 0.241 0.209 0.209 
90 0.158 0.233 0.215 0.202 

100 0.206 0.205 0.203 0.204 
110 0.199 0.197 0.179 0.191 
120 0.182 0.227 0.183 0.197 
130 0.163 0.195 0.170 0.176 
140 0.222 0.210 0.182 0.204 
150 0.165 0.200 0.174 0.179 
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'Magnatac I .Adhesive 

Ntnnber of Mean Separation 

Separations Force (kg.) 

1 1.039 
2 .902 
3 .736 
4 .660 
5 .615 
6 .553 
7 .542 
8 .462 
9 .419 
10 .325 
11 .421 
12 .430 
13 .368 
14 .344 
15 .285 
16 .327 
17 .389 
18 .325 
19 .252 
20 .279 
30 .301 
40 .201 
50 .217 
60 .207 
70 .177 
80 .175 
90 .121 
100 .156 
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Results 2 

Experiment 1 

'Magnatac' Adhesive 

No. of 

Seps. 1 

1 0.474 
2 0.518 
3 0.451 
4 0.371 
5 0.381 
6 0.440 
7 0.449 
8 0.257 
9 0.408 
10 0.254 
11 * 
12 * 
13 * 
14 * 
15 * 
16 * 
17 * 
18 * 
19 * 
20 0.185 
30 0.203 
40 0.109 
50 0.130 
60 0.120 
70 0.089 
80 0.131 
90 0.111 
100 0.131 
110 0.083 
120 0.112 
130 0.092 
140 0.086 
150 0.099 
160 0.083 
170 0.082 

* missing ~ta 

Separation Force (kg) 

2 3 4 5 Mean 

0.751 0.650 0.635 0.759 0.653 
0.392 0.748 0.460 0.572 . 0.538 
0.460 0.694 0.377 0.524 0.501 
0.460 0.744 0.201 0.531 0.461 
0.438 0.479 0.478 0.667 0.488 
0.344 0.486 0.298 0.380 0.389 
0.307 0.401 0.371 0.424 0.390 
0.364 0.489 0.328 0.424 0.372 
0.380 0.480 0.383 0.352 0.400 
0.328 0.503 0.274 0.350 0.341 
0.426 0.455 0.244 0.423 0.387 
0.374 0.357 0.288 0.403 0.355 
0.350 0.353 0.207 0.320 0.307 
0.373 0.364 0.223 0.378 0.334 
0.421 0.383 0.223 0.342 0.342 
0.243 0.311 0.302 0.326 0.295 
0.375 0.397 0.301 0.352 0.356 
0.295 0.400 0.245 0.327 0.316 
0.304 0.323 0.272 0.309 0.302 
0.282 0.304 0.251 0.376 0.279 
0.311 0.197 0.183 0.323 0.243 
0.160 0.203 0.144 0.308 0.184 
0.225 0.171 0.133 0.177 0.167 
0.219 0.172 0.146 0.216 0.174 
0.216 0.158 0.172 0.258 0.178 
0.239 0.185 0.115 0.209 0.175 
0.184 0.259 0.135 0.170 0.171 
0.149 0.192 0.129 0.195 0.159 
0.204 0.147 0.112 0.189 0.147 
0.208 0.224 0.117 0.179 0.168 
0.123 0.199 0.098 0.193 0.141 
0.161 0.140 0.095 0.185 0.133 
0.156 0.165 0.087 0.198 0.141 
0.215 0.148 * 0.142 0.147 
0.181 0.139 * 0.156 0.139 
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Experiment 2 

'Magnatac' Adhesive 

(i) Effect of cleaning on initial separation force 

No. of Initial 
Cleans Separation Force (kg) 

1 1.039 
2 0.601 
3 0.470 
4 0.456 
5 0.593 

(ii) Effect of cleaning on separation force 

Separation Force (kg) 
No. of 

Initial Cleans 
Seps 

1 2 3 4 Mean 

1 1.039 0.601 0.470 0.456 0.593 0.530 
2 0.902 0.471 0.365 0.373 0.510 0.430 
3 0.736 0.411 0.430 0.362 0.620 0.456 
4 0.660 0.432 0.397 0.354 0.395 0.395 
5 0.615 0.403 0.464 0.411 0.435 0.428 
6 0.553 0.408 0.341 0.419 0.381 0.387 
7 0.542 0.341 0.427 0.317 0.333 0.355 
8 0.462 0.290 0.346 0.252 0.311 0.300 
9 0.419 0.298 0.327 0.336 0.413 0.344 
10 0.325 0.368 0.443 0.269 0.346 0.356 
11 0.421 0.279 0.263 0.311 0.327 0.295 
12 0.430 0.282 0.269 0.336 0.360 0.312 
13 0.368 0.252 0.333 0.314 0.360 0.315 
14 0.344 0.263 0.319 0.236 0.303 0.280 
15 0.285 0.303 0.325 0.295 0.271 0.299 
16 0.327 0.271 0.290 0.263 0.266 0.273 
17 0.389 0.244 0.209 0.255 0.309 0.254 
18 0.325 0.282 0.231 0.228 0.269 0.253 
19 0.252 0.260 0.266 0.228 0.290 0.261 
20 0.279 0.207 0.301 0.239 0.276 0.256 
30 0.201 0.129 0.247 0.158 0.172 0.177 
40 0.201 0.145 0.255 0.153 0.196 0.187 
50 0.217 0.137 0.161 0.156 0.172 0.156 
60 0.207 0.196 0.217 0.156 0.234 0.200 
70 0.177 0.129 0.142 0.145 0.199 0.154 
80 0.175 0.142 0.161 0.172 0.196 0.168 
90 0.121 0.169 0.175 0.132 0.226 0.176 
100 0.156 0.142 0.156 0.123 0.161 0.146 
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Experiment 3 

'Magnatac' Adhesive 

No. of Separation Force (kg) 

Cleans 1 2 3 4 5 

1 1.179 0.926 0.593 0.739 0.799 

2 0.301 0.612 0.518 0.181 0.420 

3 0.070 0.199 0.226 0.333 0.098 

4 0.175 0.209 0.228 0.088 * 

5 0.585 0.274 0.234 0.149 * 

6 0.207 0.183 * 0.048 * 
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6 Mean 

0.743 0.830 

0.368 0.400 

0.164 0.181 

0.256 0.191 

0.128 0.274 

0.094 0.133 



Experiment 4 

'Magnatac' Adhesive 

Contact 

Time (sec) 1 

1 0.962 

2 0.778 

3 0.859 

4 0.518 

5 0.701 

6 0.894 

7 0.711 

8 0.816 

9 0.682 

10 0.827 

30 0.937 

60 1.294 

Separation Force (kg) 

2 3 4 5 Mean 

0.697 0.818 0.803 0.589 0.774 

0.778 0.745 0.775 0.745 0.764 

0.620 0.674 0.577 0.596 0.665 

0.636 0.628 0.526 0.526 0.531 

0.714 0.902 0.765 0.838 0.784 

0.757 0.811 0.822 0.757 0.808 

0.859 0.822 0.797 0.765 0.791 

0.840 0.975 0.889 0.934 0.891 

0.733 0.840 0.931 0.827 0.803 

0.789 0.805 0.805 0.773 0.800 

0.966 1.028 1.042 1.039 1.002 

1.221 1.323 1.176 1.243 1.251 
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Experiment 5 

'Magnatac ' Adhesive 

Applied 

load (Kg) 1 

0.1 0.353 

0.2 0.443 

0.5 0.634 

1.0 0.781 

1.5 1.111 

2.0 1.109 

Separation Force (kg) 

2 3 4 5 Mean 

0.400 0.478 0.382 0.365 0.396 

0.379 0.395 0.370 0.408· 0.397 

0.616 0.608 0.591 0.597 0.609 

1.012 1.154 1.205 0.830 0.996 

1.085 1.283 1.485 1.374 1.268 

1.538 1.670 2.094 1.713 1.625 
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Exper.inelt 6 

'Magnatac' Adhesive 

Sep. Rate 

(mn/min) 1 

10 0.224 

25 0.271 

50 0.296 

75 0.309 

100 0.382 

200 0.489 

300 0.531 

400 0.353 

500 0.965 

2 

0.157 

0.241 

0.259 

0.371 

0.481 

0.423 

0.714 

0.371 

0.848 

Separation Force (kg) 

3 4 5 Mean 

0.170 0.214 0.208 0.195 

0.257 0.209 0.207 0.237 

0.271 0.261 0.256 0.269 

0.328 0.289 0.570 0.373 

0.413 0.463 0.471 0.442 

0.553 0.538 0.453 0.491 

0.553 0.537 0.781 0.623 

0.397 0.451 0.499 0.414 

0.683 0.679 0.620 0.759 
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Experiment 7 

'Magnatac' Adhesive 

Contact 

Area (nro2) 1 

361.0 0.253 

301.5 0.229 

252.5 0.178 

193.0 0.168 

133.5 0.114 

109.0 0.131 

84.5 0.076 

72.3 0.068 

36.1 0.052 

18.1 0.038 

Separation Force (kg) 

2 3 Mean 

0.260 0.285 0.266 

0.219 0.186 0.211 

0.169 0.230 0.192 

0.140 0.165 0.158 

0.127 0.132 0.124 

0.092 0.111 0.111 

0.068 0.062 0.069 

0.086 0.088 0.081 

0.045 0.046 0.048 

0.048 0.036 0.041 
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Appendix 0 

RTX PERSONAL ROBOT ARM 

• control - high level software control means easy programming 
• installation - no spe<ial installdtion necessary. RTX is easily transportable 
• maintenance - simple to maintain 
• safety - programmable force control eliminates need for safety cages 
• performance - modified SCAM format offers six axes plus gripper, 2kg load capacity, ±O.5mm repeatability, and a reach 

of 684mm over full vertical travel of 91Smm 
• flexibility - RTX is part of a range of fully integrated. upgradeable robotics products from UMI 

FEATURES 

• enhanC~ SCARA confMJuration 
• seven degrees of freedom (including gripper) 
• .934 cubic metre (33 cubic feet) INOrk envelope 
• 7 24V DC servo motors 

- _.------- --- -

SPECIFICATION 

Power supply: 11 D-240V. 5o-6OHz. 125VA (mains) 
Height: 1252mm (49in) 
Weight: 28kg 
Base width : 316mm (12 1/2in) 
Base depth : 285mm(11 1/4in) 
Maximum reach: 684mm (27in) - possible over entire 

vertiical travel 
Vertical travel: 91Smm (36in) 
Lifting capacity: 2kg 
Repeatability: ± O.5mm 
Maximum velocity: 1.1 m/sec (combined shoulder/elbow 
movement) 

.It.b. Imperial d imensions approximatt 

WORKING AREA 
DimensionS in mm 

" .1 '"' 

L>~-,-. '~~-' 
j 

I 
"1 ; . ... 

• optical incremental encoder feedback 
• PIO control system running on 2 Intel S031 microprocessors 
• 2kg lifting capacity 
• controlled from IBM PC or compatible via RS232C sericillink 
• programmable force control 

Maximum speed: 
Shoulder 0,72 rad/sec 
Elbow 1.44 rad/sec 
Yaw 2.15 rad/sec 
Pitch 1.55 rad/sec 
Roll 1.55 rad/sec 
Zed 125mm/sec 
Gripper 66mm/sec 

Drive modes: 

Maximum angular 
displacements : 
±90" 
+ lSO", - 151" 
± 110" 
+4", - 98" 
+ 181", - 132" 

numeric (relative and absolute); manual (drive until stop 
command received); interpolation at 62.5 Hz; force 
(programmable). 

---"---'--- ._-----

.. f .. . '" 
I ..... . .. J-....-~ 

:;i 
::Ii 
I 
I 

I ~ 
---~ 

... _-_ .- .--. -- - --_ .. _ ... _---._- -_._._-------
RTX is available from : 

UMILTD .. 
UMI House 
51. Jame's Road 
5urb.ton 
KT640H 

Tel : 01·3995211 
Fax: 01·3990846 
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UMllnc .. 
Metropolitan Centre for High Technology 
2727 2nd Avenue 
Suite 159 
Detroit, Michigan 
48201 , U.S.A. 

Tel : 313·9630616 
313·9637606 
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30 ( LOAD SCREEN FOR FABRIC PICK-UP 
31 VARIABLE HEIGHT 
32 SOL-TEST 
33 SEARCH 2 
34 PICK-UP 
35 3FPICK 

SCR 30 
o ( WAD SCREEN FOR FABRIC PICK-UP 
1 36 35 34 33 32 31 6 NLOAD 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

SCR 31 
o VARIABLE HEIGHT 
1 VARIABLE CXXJNT 
2 
3 
4 
5 
6 
7 

TITLE 
25 1 

00 
10 EMIT 

lOOP CR 

MKH 13JAN88) 

MKH 13JAN88) 

8 " ************************************************ " 
9 CR 
10 CR 
11 CR 
12 CR 
13 ; 
14 
15 

" * FABRIC PICK-UP PRa;RAM VERSICN 1.1 * " 
"* (C) M K Hall U!icester Polytechnic 1988 *" 
" ************************************************ " 
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SCR 32 
o SOL-TEST 
1 1 0 0 !BIT 
2 0 0 0 !BIT 
3 ; 
4 : STACK-'1OP 
5 526 ~625 -2119 -1221 -1241 0 152 GOTO>POS 
6 ; 
7 : POS1 
8 526 -1424 -2119 -1221 -1241 0 152 GOTO>POS 
9 ; 
10 : ClEAN 
11 526 -1970 -2119 -228 -289 0 152 GOTO>POS 
12 CR 7 EMIT • "REC'C:MMENDED 00. OF PICl<-UPS EXCEEDED I! " CR CR 
13 ." CLEAN SURFACE •• THEN PRESS <RE'IURN> WHEN FINISHED" CR oCR 
14 " •••• TYPE 3FPICl< '10 RE-RUN " CR KEY STACK-'IOP 
15 ; 

SCR 33 
o SEARCH2 
1 BEGIN 
2 -2 ZED MJVE ~ UNTIL IXN: 
3 ZED ABSOLUTE mDE ZED @POSITlOO 2119 + -440 < 
4 IF 
5 
6 
7 
8 
9 
10 

CR CR 7 EMIT 7 EMIT • "WARNING ••• STACl< 'rOO I.J::M !! " 
STACK-'1OP POS1 SOL-TEST STACl<-'1OP CXXJNT @ 50 > 

IF 
CR 0 COUNT ! ClEAN ABORT" SEQUENCE HALT " 

ELSE 

11 
12 
13 
14 
15 ; 

CR CR • "'10 RERUN ••• TYPE 3FPICl< AND PRESS <RE'IURN>" 
CR 0 HEIGHT! AOORT" SEQUENCE HALT" THEN 

THEN ZED REIATIVE M)DE 
o 1 @BIT 

UNTIL 

SCR 34 
o PICKUP3 
1 ZED REIATIVE MJDE 
2 HEIGHT @ 
3 ZED MJVE ~ UNTIL-IXM: 
4 SEARCH2 
5 7 EMIT CXXJNT @ 1 + DUP CXXJNT! 
6 ." ***** PIECE 00." • ." FCXJND •••• SEAROlING " 
7 13 EMIT 20 ZED MJVE NOO UNI'IL-IXN: 
8 ZED ABSOWIE M:>DE 
9 ZED @POSITION 2119 + DUP HEIGHT ! 
10 ZED REIATIVE mDE 30 ZED MJVE J:rn UNI'IL-IXm: 
11 ZED ABSOWIE MJDE 
12 E:LBCM REIATIVE KIDE 35 EI..8O'l MJVE :trn UNTIL-OCNE 
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13 E:LBa'l ABSOLUIE K>DE 
14 STACK-'IDP FOSI SOL-TEST SOL-TEST STAa<-'IDP 
15 ; 

SCR 35 
o 3FPICK 
1 TITLE CR CR ." S:ex;:.m:NCE STARTED •••• SEARCHIN:; FOR PIECE " 
2 0 HEIGHT 1 CR CR 
3 BEGIN 
4 PICKUP3 
5 -430 < 
6 UNTIL 
7 STACK-'IOP 
8 ; 
9 
10 
11 
12 
13 
14 
15 

SCR 36 
o FPICK-INIT1 
1 1 INPUT M)DE 0 CXJTPUT M)DE 
2 0 0 0 !BIT 
3 0 HEIGHT 1 0 (X)UNT 
4 ZED ABSOLUTE M)DE 
5 STACK-'IOP 
6 TITLE 
7 CR CR • "Fix pick-up device in RTX gripper.... " 
8 CR CR 7 EMIT • "PRESS ANY KEY " CR CR 
9 • " then type 3FPICK to run sequence " 
10 KEY 
11; 
12 
13 
14 
15 
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THOMAS DUGGAN HOUSE, MANOR LANE, SHIPLEY, W. YORKSHIRE, BD18 3BR • Tel. 027 .... 680990 • Telex: 617364 

3 July 1987 

Mr M Hall 
Leicester Polytechnic 
Mechanical & Production Eng Dept 
Hawthorne Building 
Newark 
Leicester LEl 9BH 

Dear Mike 

Ref: LETS9 

We should like to express our thanks for the demonstration of your computer 
based garment block design programme. 

It is obvious that you have given a great deal of time and effort to learning 
the pecularities of the clothing industry and developing a programme which 
will no doubt be of great benefit to it in the future. 

Congratulatipns for developing a means to create accurate basic block 
patterns whi~st dispensing with the traditional digiti sing procedure. 

Be assured that other personnel at Lectra will be made aware of your project. 

Yours sincerely 

s. ~. 
Stephen Utt 1 ey 

DIRECTORS: J. ETCHEPARRE (French), J.F. CRAMPE-CASNABET (French) Co. Secretery 

REGISTERED IN ENGLAND No. 1696644 REGISTERED OFFICE: 'ELEVEN' ALBION STREET, LEEDS, LS1 6PJ 

FRANCE • W. GERMANY • USA • ITALY. SPAIN • PORTUGAL • FINLAND • JAPAN 
Sc.<. 



Rlmoldl (Great Britain) Limited 
26 Mandervell Road 

Industrial Estate. Oadby 
LEICESTER. LE2 5LP 

Phone (0S33) 713305 
Telex 34515 
Telelax (0533) 718799 

OUR REF: AAM/RF 

3rd May 1989 

Dr W Blackwood 
Director of Studies 
Leicester polytechnic 
School of Textile and Knitwear Technology 
POBox 143 
Leicester 
LEl 9BH 

Dear Bill 

SUBJECT:- Mike Hall 

Further to my visit to Leicester Polytechnic in connection with 
Mike Hall's project, I found my visit very interestinq and Mike 
Hall's proqress remarkable, in just three years he has achieved 
so much in different aspects of computer controlled/automatic and 
semi-automatic equipment. I shall qive my impressions and 
comments on each aspect as follows:-

1. 

2. 

3. 

The edqe guidinq system vorkinq in conjunction with a 
sewinq machine. The concept was very impressive 
indeed and the electronic side worked well, perhaps let 
down by the mechanical side, but of course we were only 
lookinq at principle rather than the end result. 
Further studies will be required to ascertain how the 
guiding system would perform at high speeds and on a 
variety of fabrics. 

Pattern creation throuqh computer 80ftware. This 
proved to be by far the most interestinq aspect of the 
project and I am sure it could have an excellent 
commercial prospect if a specialist company, ie., 
Gerber, Investronica or Lectra, were to become 
involved. It probably could be further expanded to· 
embrace all aspects of the fashion industry for the 
design of a variety of qarments. 

The pick and place Robot. Althouqh well thought 
out, it proved from a personal point of view the least 
interestinq, as there are so many other similar devices 
being projected by others ie., commercial, and 
educational institutes. Furthermore, I feel that 
Robots do not have, at least for the foreseeable 
future, a role in the apparel industry as they are 
still too inflexible and rather costly. 

• .1 .. 

Rimoidl Sal ... nd 5eM<» aI BelI.II. Dublin. O_IQOW. L_ter. LMOI. London. "'.nchnt.r. Nonlngh.m. Nonh eut.nd South W ... 

Company registered in England No. 685690 Registered Office as above 



Rimoldi' 
---------------------------------------------

-2-

I hope that my observations will prove useful to Mike Hall and of 
course I remain at your disposal should you need any further 
clarification on my comments, on any other subject. 

Thanking you for involving me in this extremely interesting 
project. 

I remain, 

With kind regards, 

Yours truly 
rIMOLDI (GB) LIMITED 

\ \(~~~ ~ ~ 
\~'~R scaro i 
MANAGING DIRECTOR 



EICESTER 

Week commencing Monday 5th December 1988 Issue No. 32 Director: Kenneth Barker, MA 

Polytechnic Carol Singing 

In place of the traditional Carol Service, we are 
holding informal carol singing in the Students' 
Union Arena on Monday 12th December from 
noon onwards. All are welcome. 

From the Chaplains 

Visit Strengthens Links with Local Industry 

A recent visit to Fison's Safety Evaluation Unit at 
Belton, near Loughborough has strengthened links 
between the School of Life Sciences and this local 
pharmaceutical company. Secon.d year HNJ? 
Applied Biology students studymg th~ TQ)(lc~logy 
special option were treated to a most mte~~tmg 
day at the Unit. The programme for the VISit 
included a tour of the facilities, lunch and a series 
of seminars explaining how toxicological safety 
evaluation studies are carried out in order to 
guarantee the safety of newly m~r~eted 
pharmaceuticals. Pl~ns for the VISI~ were 
conceived earlier·. thiS year when Bill Lawrence, 
the Toxicology op,tion subject leader, visited two of 
last year's second' year HND :roxicolo~y students 
who were working at the Umt for their seven week 
industrial experience. fisons regularly offer such 
places to students who' have completed the. 
Toxicology option and a number have conhnue~ 
the assdciation through temporary employment III 
the summer or by obtaining a permanent job in 
the Unit . One particularly pleasing aspect of the 
visit was that the programme was organised by 
Sally Robinson who graduated from the HND 
Applied Biology course in 1982 . 

SMART Competition 

Mr Michael Hall, who gained an Upper Second 
Degree in the School of Mechanical and 
Production Engineering in 1985, and is now a 
research student. in the Polytechnic, was one of 
those who received an award from the un within 
its scheme to pump-prime the exploitation of 
innovation in small firms. The SMART 
competition engages small businesses and 
individuals in the Small Firms Merit Award . for 
Research and Technology, which is a competitive 
award which aims to encourage innovation. 
Awards are made to successful applicants in any 
technology marketed by un and are made 
specifically to develop feasibility studies to get to 
the point at which venture capital might be 
attracted for full exploitation. Seven awards were 
made in the East Midlands: the majority from 
companies with a close association with the 
University of Nottingham and the Nottingham 
Science Park. It was particularly important, 
therefore to recognise the achievement of 
Mike Hall in obtaining significant support 
(£37,500) with his industrial collaborator, 
Mr C. Shimmin for the exploitation of an adhesive 
which has a capability to significantly advance the 
process of robotic handling of materials, This can 
and will have an important place in the automated 
processes leading to garment assembly. 

Student Exchanges : Leicester Polytechnic and the 
Universidad Complutense de Madrid 

Members of the school of ASSPA were funded 
under the ERASMUS program to undertake a visit 
in the Spring of this year to the Universidad 
Complutense de Madrid, one of the oldest and 
most prestigious of the universities in Spain which 
enrols some 150,000 students annually. It is ' 
anticipated that there will be regular flow of some 
three to five student exchanges between the BA 
Degree in Public Administration and its 
counterpart in the Complutense. Leicester 
Polytechnic students will spend some time at the 
University but will also work in one of the 
Spanish ministries or in Madrid City Council. The 
Spanish students studying in England will take 
courses in British Public Administration, including 
Information Technology. 

The relationship has already borne fruit with 
three students from the Complutense who are 
engaged upon their year of study in Leicester. 
Pictured are the three Spanish students together 
with members of the ASSPA staff who are 
organising the exchange arrangements. From left to 
right: Meg Hart (ASSPA), Reyes Herrero, 
Laura Roman, Salvador J~lfrado (Complutense), 
John Greenwood, Mike Hart and Professor 
David Wilson (ASSPA) . 
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Glossary of clothing t:enl8 am definiti.als 

The extra dimensions allowed on gannent measurements 
OIJer body measurements. See also "seam allCMance". 

The adjustment of the relation of one section of a 
gannent to another, in hanronr with the natural 
attitude of the figure, espec~ally that of back and 
front lengths. 

BAIAl«E Notches, nips or threads in gannent parts, 
MARKS which help to preserve the balance of the 
(PI'IOI OOINT) gannent by serving as guides during assembly. 

'nley are generally put at side seams, in the scye, 
shoulder seams, hind ann and foreann seams and 
elsewhere as necessary. 

BIAS 

BIAS rur 

BIOCK 
PATIERN 

C.M.T. 

Bespoke clothes are those which are made to order for 
an individual. 

An oblique direction to warp and 'Neft. True bias is at 
an angle of 45 degrees to both wazp and 'Neft. 

A cut at an oblique angle to warp and 'Neft. 
Also known as cutting on the cross. 

See "pattern" 

The process of cutting many layers of material 
into manageable blocks which may inoorporate one or 
nore parts of a gannent. 

A mnnber of similar gannent parts terrp:>rarily kept 
together for oonvenience of handling (see 
"oonventional b\.UlClle system", "progressive b\.UlClle 
system" • 

Any fabric may be described as a cloth, but in the 
tailoring trade the 1NOrd is usually awlied only to 
the principal or outside fabric of a garment. 

An al:breviation of "cut, make and trim". A section of 
the industry in which a oontractor is supplied with 
materials and designs in order to produce gannents for 
a supplier. 

Autanatic sewing along or near the edge of a 
gannent part. 'nle shape may be predetennined or edge 
follCMing. 
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a:tM!NI'ICRL A production system in which bundles pass from 
BlH1IE storage to an operator and then back to 
SYSTEM storage for allocation to the next operation. 

EASn«i-IN 

GRAIN 

A wedge shape renoved fran the surface area of a 
ganrent by stitching or alternatively by cutting and 
stitching. 

A oonstructed plan of a gannent, the application body 
or gannent measurements to a flat plane. 

An adjective describing the way fabric falls when 
hung. '!he draping quality varies with the structure, 
oamposition and finish of the fabric. 

'!he manipulation of an additional anount of one of the 
fabrics into a seam in order to create fullness. 

The operation of over-sewing a piece of material by 
its edge (raw or turned in) upon the body material. 

The rising and falling of material caused by the 
needle llDvement on the sewing machine. 

The additional aIrDunt of one of the fabrics joined at 
a seam which is allowed in order to create the desired 
shape in a part of a finished garment, e. g. a sleeve 
head (see "easing-in") 

The process of prcxiucing a range of patterns of 
different sizes fran a master pattern. 

The direction of the warp of the fabric. 

HANDlE (HAND) '!he feeling of a fabric to the hand. 

LAY An assembly of cloths placed in identical lengths one 
on top of the other in preparation for cutting. 

LAY Ml\RKER See "marker". 

LAY P.LANNll{; The arranging of patterns of the cmponent parts of a 
garment, within a given width of fabric in order to 
obtain the I1Dst ecx:manical use of the material. Also 
called "layout planning". 

IAYIt«; UP '!he process of spreading cloth to fom a lay. 
Often called "spreading". 

'!he process of joining knitted gannent parts on a 
linking machine, in which individual loops fran two 
parts are run onto a series of regularly spaced points 
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PATtERN 

PLY(FABRIC) 

PRLG<ESSIVE 
BUNDIE 
StS'll!M 

SCIE 

SEAM 

SEAM MMGIN 

and then joined by chain stitches. 

COnverting fabric into gannents. 

'!he representation or drawing of the final arrangement 
of the patterns of the c:x:rrponent parts of a ganrent or 
garments in the fom of a master plan for cutting, 
intended to make the best use of the fabric. The 
marker is placed on top of the lay prior to cutting. 
Also called marker. 

'!he use of an overedge stitch, either by hand or 
machine to bind an edge so as to avpid fraying. can 
also be used as a decoration. Also referred to as 
"over locking" . 

A replica of a gannent piece in flat card or paper. A 
tenplate used for marking out the parts of a gannent 
on material prior to cutting. 
Block Pattern A tenplate of the basic J?Cittern shape 
upon which design details can be super-lllp)sed. 

A single thickness of fabric in a lay or seam. The 
number of plies in an assembly is the number of fabric 
thicknesses. 

'nle rem:>ving or creating of creases or shape into 
garnents and fabric ~ heat and/or steam and/or 
vacuum, or a CXlTibinatl.on of these with pressure. 

Autanated sewing following a predetennined 
profile e.g. by ~ig or cams. Usually applied to the 
automatic stitching of small parts. 

A production systan in which bundles pass from 
one operator to the next with ~ 1NOrk in 
hand at each operation. The operations are laid out in 
sequence with the required nurti:ler of machines for 
approximate balance allocated to each. 

The annhole of a garrrent. 

The line of junction beONeen t1NO or rore plies of 
fabric. (COvered by BS3870). 

A pre-detennined anount of material between the 
edge of CXllpOnent parts of the ganrent and the seam 
line. Also called "seam margin" or "seam width". 

See "seam allowance". 
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SEAM PU::KER Puckering or /trucking" of the fabric along the line of 
stitching at a seam. 

SEAM '!he pulling away of fabric fran a seam under 
SLIPPAGE tension. 

SFJ.\MIK; Joining together the carponent parts of a gannent at a 
given distance fran the edge of the material. 

SELVEOOE 'nle longitudinal edges of a fabric fonned during 
manufacture in such a way that the cx:ItpOnent threads 
are interlaced to prevent them fran unravelling or 
fraying. 

SERGIMi 'nle operation of neatening the cut edge to avoid 
fraying, by rreans of an overedge stitch. 

A type of gathering which is usually done with multi
needle chain stitch machines using elastic thread in 
the looper. 

SLACK 'nle reM of loops used for linking. 'nle loops are 
CXXJRSE knitted slightly larger than nost of the other loops. 

SIEEVE HEAD 'nle part of the top sleeve which is joined to the 
scye. 

SPOT AND Paper printed with a design of alternate spots and 
c:Ra;S PAPER crosses used for making master markers. 

S'1'l'10i One of a series of units of confonnation of threads 
resulting fran the thread or threads being repeatedly 
passed through or into the material during sewing. 
(See BS3870) 

'nle carponents of a gannent other than the main 
fabrics and sewing threads. 

tHERPRESSIM; 'nle pressing operations carried out during assembly of 
the gannent. Usually refers to seam opening. 
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List of Published Papers 

Hall M K, Black\tJOOd W J, lDweth W J, "Methods for Auto-separation of 

fabric plies fran a cut stack", Knitting Intemational,94(1125), 

September 1987, pp 162-166. 

Hall M K, Black\tJOOd W J, IDweth W J, "CaTputer-aided-design of 

patterns", Knitting International,94(1127), November 1987, pp 39-41. 

Hall M K, "Picking-up the pieces - 1MB Cologne '88", Knitting 

International, 95(1136), August 1988, p58. 

PaperS presented: 

paper presented to the Leicester Textile Society 17th November 1988 -

"Clothing Research". 

573 



References 

( 1) National Eoonanic Developnent Council Rep:>rt NEOC (85) 6 -

clothing, Jan 1985. 

(2) CANTRILL L A, "Wage levels and 'WOrking oonditions in the 

clothing industry", Hollings ~el industry Review, Spring 

1986, p 19. 

( 3) JOOES R, "The Relationship between the level of arployment in 

the U.K. clothing industry and total inports 1970-1983", 

Holling Apparel Industry Review, 1985 Vol.2 pp 46-52. 

(4) CDLIEY S, "Sewing - a survival system", Catputing: the 

magazine, 10 Jan 1985 p 18-19. 

(5) CAVE P, "Eoonomic overview of the clothing industry", NEDC, 

1985, pp 6-11. 

(6) SII..BERS'lC.N Z A, "The Multifibre Arrangement and the U.K. 

Eoonany", HMSO 1984 ISBN 0115138153. 

(7) SII.BERS'lOO A, "The MFA, Bilaterals and the European cx::mnunity", 

Textile Outlook International, Jan 1987, pp 27-36. 

(8) SUBHAN M, "The fourth Multifibre Arrangement", Textile Outlook 

International, september 1986, pp 22-30. 

(9) 'I'R(X;OC'N D L, "MFA - The U.S textile industry resp:>nse", Textile 

Outlook International, November 1986, pp 36-40. 

(10) Editorial, Textile Outlook International, Jan 1987, pp 3-4. 

( 11) Source: British Business M:>nitor 1986. 

(12) Source: Fnployment Gazette 1986, Table 1. 8. 

( 13) Source: OVerseas Trade Statistics of the U. K,. Dec 1986. 

574 



(14) HINDS B K, "Cooputer aided pattern generation for the gannent 

industry", Proc. AOO' ronf. 9 July 1986 pp 22-23. 

( 15) BUOIANAN G A, "Directions of technological change in the fiber, 

textile and apparel industries" IN BERKSTRESSER III G A, 

BUOiANAN D R, "Autanation and robotics in the textile and 

apparel industries", Noyes Publications 1986, ISBN 0-8155-1077-2 

pp i89-222. 

(16) PEARL D R, "Autanating the clothing industry", Textile Asia 

1984 'vol 15 pt 9 P 109-112. 

( 17) KURT ~ ASS<X:IATES, "The 1980 's: 'nle Decade ,for Technology", 

1979. 

(18) HALL M K, "Picking up the pieces", Knitting International, 

95(1136) August 1988, p 58. 

(19) CMEN T, "Assembly with robots", Kogan Page Ltd. 1985, ISBN 

0850389305, P 15. 

(20) Ibid. P 24. 

(21) KAHN I, "Robots inprove productivity, efficiency, lower labor 

rosts", Apparel \tk)rld, July 1981, pp 28-29. 

(22) CIARKE B, "Robotics in the sewing rocrn", Bobbin 26(3) November 

1984, p 210. 

(23) DERKS S, "Is there a rooot in your future?", South carolina 

Business, 1983 (3), pp 24-27. 

(24) VARN C B, "Factories with a future", Bobbin 26(3), November 

1984, p 204. 

(25) CIARKE B, op. cit. P 208. 

(26) DERKS S, op. cit. P 27. 

575 



(27) WALTER C, "'!he application of robotics in oontext of garment 

making-up", Knitting Int. Apr 1985, p 86. 

(28) DISHER M, "I'IMA '87, Paris", Manufacturing Clothier, January 

1988, p 31. 

(29) ADELINE J P, "Robots: A dream or reality?", Readywear 2 1983, P 25. 

( 30 ) Private c:x::mnunication, I.G!AN P, (Research officer, National 

Union of Hoisiery and knitwear \tt'Orkers) 

(31) ROSENBruX:K H H, "Technological redundancy"., Science and Public 

Policy, pp 274-277. 

( 32) CXiAWA S, "Japan's Autanated Sewing System: A national research 

and design project", Bobbin, Feb 1984, P 82. 

(33) Ibid. P 83. 

(34) Ibid. P 86. 

(35) Ibid. P 98. 

(36) Ibid. pp 88-90. 

( 37) AISAKA N, "Teclmical developnent in apparel industry", J'IN, May 

1987 (390), pp 47-51. 

( 38) AN:N, "Research and developnent on autanated sewing system at 

state research institutes", JSN International, February 1985, 

pp 20-22. 

(39) CXiAWA S, ope cit., pp 92-93. 

( 40) KITAN:> I, "Apparel Robotization in Japan", Bobbin, September 

1982, P 130. 

(41) BERKSTRESSER III G A, "Autanated ~l manufacturing: Japan's 

system research project", Bobbin, Nov 1983, pp 76-84. 

(42) Ibid. P 84. 

576 



( 43) AISAKA N, "Progress update on the developnent of autcmated 

sewing systans in Japan", Knitting International 94( 1124), 

August 1987, pp 64-67. 

(44) HOOHES F, "Japan's MITI unviels progress", Boli:>in, May 1988, 

pp 86-92. 

(45) BERKS'IRESSER III G A, TAKEUCliI K, "Autanation: A fighting 

chance?", Bobbin, March 1985, P 50. 

(46) ARMIS'IEAD F B, "Getting the nost fran new technology", Bobbin, 

January 1984, P 43. 

(47) BERKSTRESSER III G A, TAKEUCliI K, Ope cit. p 54. 

(48) SOiREIBER R R, "Roootics unlimited: Reaching beyond the 

factory", Robotics Today, December 1984, P 46. 

(49) Private Ccmnunication, J HCMELL Singer Distribution Ltd. 

Leicester, England 22 Nov 1988. 

(50) (Prcx:iuct Literature), "The Singer c::atpany MARS Ro1:x>tic Systans". 

(51) OWEN T, Ope cit. p 69. 

(52) ABERNATHY F H, PIPPINS D, "('K:)2 awarel, textile and education 

at its best", Boti>in, September 1986, p 165. 

(53) BERNARIXN E, I<C:NOOI...ECN T s, "Real-time robotic control for 

~el Manufacturing", RI/SME Robots 9 Conf., Detroit, Jun 2-6 

1985, Vol 1, pp 4-46. 

(54) BRAY F, VEN'ID V, "('K:)2 and beyond", Boti:>in, September 1986, 

pp 170-174. 

(55) NILSSOO N, "'!he awarel crises in sweden", Bobbin, pp 49-52. 

577 



(56) NILSSCN N, "FlGARMA - Fully Integrated Gannent Manufacture", 

1st Int. Conf. British Robot Association, et aI, on Automated 

Materials April 20-22 London U.K. 1983. 

(57) DISHER M, "High technology in the clothing industry", Textile 

OUtlook International, Septerrber 1986, pp 63-64. 

(58) CXJvMISSlOO OF '!HE EUROPEAN c:x::J+1UNITIES DlRECIORATE - GENERAL 

FOR SCIENCE, RESEAROI AND DEVElOPMENT, "Ccmnunity research and 

developrent programne on manufacturing technologies and 

advanced naterials 1989 - 1992", Infonnation package for the 

first call for proposals, 1989. 

(59) CLARK K, "Courtaulds research flexible robotics systems", 

AH?arel International, March 1986, pp 9-1l. 

(60) DISHER M, Ope cit. p 63. 

(61) TAYIDR G E, et aI, "Vision applied to the orientation of 

embroidered ITOtifs in the Textile Industry", Proc. 2nd Int. 

Conf. on Robot Vision and Sensory Controls, Stuttgart 1982, 

pp 39-46 • 

. (62) KEMP 0 R, et aI, "A sensory gripper for handling textiles", 

Proc. 13th Int. synposilIDl on Industrial Robots, Chicag::>, pp 22-23. 

(63) KEMP 0 R, TAYlOR P M, TAYIDR G E, "A prototype robot lNOrk 

station for the motif application process within the garment 

manufacturing industry", Proc. 2nd IASTED Int. Syrrp:lsilIDl on 

Robotics and Autanation, Amsterdam 1984, PI? 44-47. 

(64) STERLllC M J H, SARHADI M, NIOIOI..SOO P R, "Autanated garment 

manufacturing", Proc. of SERe 3rd Robotic Initiative Grantees 

Conf., university of Surrey SeptE!l'l'ber 1984, P 41. 

578 



(65) BURNHAM N, "Robotic ITDnitor makes sure strength reigns on the 

Y-front", Sunday Ti.rres, 14 februMy, P D16. 

(66) GROSBERG P, "Autanation in gannent manufacture", Proc. A01E 

Directorate for Autanation of Garment Manufacture, Ieeds 

University 9-10 July 1986, P 17. 

(67) PORAT I, GROSBERG P, "Fabric pick-up device", European Patent 

Application No 85304016.0, Filed 6 Jun 1985. 

(68) PORAT I, et al, "Clothing autanation at the University of 

Leeds", Proc. A01E Directorate SERC Conf. on Research 

Requirements for Autcmation of Garment Manufacture, Leeds 

University 9-10 July 1986 P 36. 

(69) Ibid. P 38. 

(70) GERSHCN D, PORAT I, "Robotic sewing using multi-sensory 

feedback", Proc. 16th Int. Synposium on Industrial Robots, 

pp 823-834. 

(71) GROSBERG P, op. cit. p 15-16. 

(72) HARI.OCK S C, "CAD/CAM and PPI in the manufacture of clothing 

and applied products", Proc. A01E Directorate SERe COnf. on 

Research Requirements for Autanation of Garment manufacture, 

Leeds University 9-10 July 1986, pp 33-35. 

(73) Research Projects Status Reports, AQ.1E Directorate of SERC 

report, June 1988, p 122. 

(74) TYLER D J, PARKER D W, SINCIAIR D, "Simulation of clothing 

manufacture", Proc. A01E Directorate SERe COnf. on Research 

Requirement for Autanation of Gannent Manufacture, Ieeds 

University 9-10 July 1986, pp 40-41. 

579 



(75) VI'IOLS R, et aI, "Developnent of cx:rrputer controlled machinery 

for the making up of gannents", lEE proceedings, vol 132 pt D 

No 4 July 1984, pp 178-182. 

(76) EFRAT S, "'ilie developnent of a method for generating patterns 

that confonn to the shape of the human body", PhD '!hesis 1982 CNAA. 

(77) BERKSTRESSER III G A, Ope cit. p 75. (ref 10) 

(78) SHIMIZU S, "A Japanese success story", Bobbin, July 1983, pp 50-51. 

(79) KlTANO I, "S.S.O.S", Bobbin, March 1983 pp 70-73. 

(80) PE'IERSSCN B, "How TSS has revolutionised our c::anpany management", 

Apparel International, Dec 1987, pp 9-12. 

(81) WHI'ITLE H R, "A laser-based fabric cutting system", Proc. HATRA 

Conference, Nottingham 25 April 1974, 13th Special Publication 

pp 22-26. 

(82) Private Ccmnunication, Juki Engineer, IMB Cologne June 1988. 

(83) NILSSCN N, "Autanation in apparel", Bobbin, Jul 1982, P 33. 

(84) ANON, "Autanation in apparel", Bobbin January 1982, P 66A. 

(85) DISHER M, Ope cit. p 63. 

(86) HUGHES F, Ope cit. p 92. 

(87) ANON, Ope cit. p 66H. (ref 84) 

(88) BEliR P, "Alterations ahead in ~el", The Washington Post, 

May 13th 1984, P G1&G6. 

(89) DISHER M, "Sewing Techniques", Man. Clothier, August 1987, p 9. 

(90) BUCHANAN G A, ope cit. p 218. 

(91) Private catmuni.cation, Ope cit. (ref 49). 

(92) BERKS'rnESSER III G A, Ope cit. p 54 (ref 14). 

(93) NILSSON N, ope cit. p 36 (ref 56). 

580 



(94) Private Ccmnunication, Technical manager, Rockwell-Rim::>ldi 

(G.B.) Ltd. leicester, U.K, August 1987. 

(95) SINClAIR DS, "Teclmological innovation in the awarel industry 

- a strategy for survival", Hollings ~el Industry Review, 

SUmmer 1984, pp 1-20. 

(96) DISHER M, Ope cit. p 11 (ref 59). 

(97) HARRIS K, "BRITE - the great step forward", Apparel Int., Oct 

1986, P 48. 

(98) BERKSTRESSER III G A, Ope cit. p 84. 

(99) TYlER D J, "Enabling technologies for CXJtPuter integrated 

manufacuring", Hollings Apparel Industry Review 1987, 4 (2), P 38. 

(100) CREPY M A, "The European view of technology", Bobbin Jul 1983, P 48. 

(101) TYLER D J, op~ cit. p 39. 

(102) CDLES G M, "Catputer-Aided lay planning and pattern grading", 

TeXtile Institute and Industry April 1975, pp 108-110. 

(103) FEI...I.CMS J W, "Ccrrputer-Aided layout and Numerical controlled 

cutting for the gannent industry", (unpublished paper). 

(104) BENSCN K, "Microproce'ssor control in the design manufacture and 

costing of gannents pt 1", TeXtile Institute and Industry April 

18(5), 1980, pp 125-127. 

(105) Editorial, Apparel International, 12(6) December 1987. 

(106) Trent Polytechnic, Dept. of Fashion, "How knowledge of new 

technology can be made available to the clothing industry", 

Local Collaborative Project No. 703 1986. 

(107) ~, "Limitations of ('AD for the 'creative' designer", Apparel 

International, 14(3), September 1988, p 11. 

581 



(108) HlJI)S(N P, "Generating patterns", Bol:::bin, Apr 1979 p 184. 

(109) SHOBEN M, WARD J, "Pattern cutting and making-up 1", Batsford 

Academic and Educatioinal Ltd. 1980, ISBN 0713433396. 

(110) KUNIa< P, "l-tXiern sizing and pattern making for 'Iatel'l' S and 

childrens gannents". 

(111) HUI.ME W H, "The practice of gannent pattern making". 

(112) TAYLOR. G, "Patterns vs. people", Bol:t>in, Apr 1979, P 182. 

( 113) HU'IOUNSCN R, "The gec:metrical requirerrents of patterns for 

1Na'neIl'S gannents to achieve satisfactory fit", university of 

leeds 1977. 

(114) EFRAT S, Ope cit. 

(115) CAIN G, "The American way of designing", New York Fairchild Pub 

Inc. 1950. 

(116) MELLIAR M, "Pattern cutting", B.T Batsford Ltd. London ISBN 

07134 27043. 

(117) ERWIN M D, "Practical Dress Design", MacMillan Catpany NY 

revised edition 1954. 

(118) ALDRIOi W, "Metric pattern cutting for menswear", Granada 

Publishing Ltd. 1980 ISBN 0246112190. 

( 119) HALL M K, BIAClGmD W J, l.O'lETH W J, "Carputer-aided design of 

patterns", Knitting International, 94(1127) Nov 1987 :w 39-41. 

( 120) "Sewing machine feed rrechanisms", CFI Infornetion sheet No 5. 

(121) GAETAN M, "understanding feed mechanisms in industrial se\>ling 

machines", Bati>in, April 1975, :w 124-130. 

(122) BER'IOIDI A M, MUNDEN D L, "The effects of Be'tIing variables on 

fabric pucker", Clothing research journal, 1974, 2 (2), :w 68-80. 

582 



(123) GAIlJSZYNSKI S, "Seam pucker", SAWl'RI special publication, May 

1986. 

(124) Ibid. p 129. 

(125) "Productivity in sewing operations", Shirley Institute 

Publication S20. 

( 126) Sunbrand (divn of Willoox & Gibbs), "Feed dogs, presser feet 

and related problems", Bobbin, Feb 1981 pp 162-168. 

(127) Pfaff, "The faster the better?" Bol:t>in 25(4)- 1983, pp 160-161. 

(128) SOLnaR J, '''lypes of attaciunents", Bobbin, April 1982 pp 34-40. 

( 129) KUTSOiERUK P, "Developnent of an edge sensing device for use 

with oonventional sewing machines", BSc. Thesis Leicester 

Polytechnic June 1988. 

(130) HOFFMAN K, RUSH H, "Microelectronics and clothing - The inpact 

of teclmological change on a global Industry", p 521. 

(131) OOAWA S. op. cit. 

(132) BRAY F, VEN'IO V, op. cit. 

(133) Shirley Institute, op. cit. 

(134) HALL MK, BIACKW:X>D WJ, I.CMETH WJ, "Methods for auto-separation 

of fabric plies from a cut stack", Knitting Int. 94 (1125), Sept 

1988, pp 162-166. 

(135) AAMA, "Autarated linp fabric handling devices", Line Apparel, 

vol. 42(51), 1987, pp 42-67. 

(136) Ibid. p 51. 

(137) KOHLER E, "Influence of fabric to be processed on the selection 

of suitable techniques for processing" I Textiltechnik 35, 1985, 

P 5. 

583 



(138) AN:N, "The measurement of the physical properties of fabrics as 

related to optimum processing in autanated apparel manufacturing". 

(unpublished paper) 

(139) KAWABATA S, POSTLE R, NIWA M, "Objective specification of 

fabric quality, rrechanical properties and performance", Proc. 

of the Japan - Australia Joint synp:>sium on objective 

specification of fabric quality, rrechanical properties and 

performance, Kyoto Japan May 10-21 1982. 

(140) FORTRESS F, STERNBERG J, WEINER M, "The Kawabata system for the 

standardisation and analysis of hand evaluation", Bobbin, 

October 1982 pp 32-35. 

(141) MUNDEN D. "Oh Dear! what Kawabata be?" Knitting International 

January 1986 pp 36-37. 

(142) DUCK\'l)R.TH S, "The use of objective measurement in autanated 

gannent assembly (knitted fabrics)", Report carried out as part 

of Leicester Polytechnic CIMrEX project September 1988. 

(143) DH~ R C, POSTLE R, "Sane aspects of the tailorability of 

woven and knitted fabrics", Clothing Res. J. 8(2) 1980, pp 59-76. 

(144) AJIKI I, MAHAR T J, POSTLE R, "Measurement of structural 

balance and rrechanical properties of seamed fabrics", IN 

"Cl>jective Evaluation of ~el fabrics", Textile Machinery 

Society of Japan, 1983, pp 349-358. 

(145) CURISKIS J I, POSTLE R, OOR'Irn A H, "Fabric engineering -

present status and future potential", IN "Cl>jective Evaluation 

of ~el fabrics", Textile Machinery Society of Japan, 1983, 

pp 539-550. 

584 



(146) PARKER J K, et aI, "Robotic fabric handling for autanating 

gannent m:mufacturing", Journal of Engineering for Industry, 

Feb 1983 vol. 105, pp 23-24. 

(147) WAKE W C, "Adhesion and the fonnulation of adhesives", Applied 

Science Publishers Ltd. 1976, ISBN 0853346607 pp 3-7. 

(148) VASENIN R M, Adhesives Age 8(5) and 6(30), 1965 IN WAKE W C, 

"Adhesion and the fonnulation of adhesives", Applied Science 

Publishers Ltd. 1976, ISBN 0853346607. 

(149) WAKE W C, Ope cit. p 4. 

(150) AUTENREITH J S, "Resins for rubber based adhesives", IN 

SKEIST I, "HandOOok of adhesives", 2nd Edition Van Nostrand 

Reinhold Co. USA ISBN 0442276346 1977, P 225. 

(151) IlAlil:.QJIST C A, "Adhesion - fundamentals and practice", Elsever 

publishing Co. 1970 pp 143-151. 

(152) WETZEL F H, IN MYERS R R "Handbook of Adhesives", Van Nostrand 

Reintold Co. U.S.A 1962 P 189. 

(153) Ibid. p 190 

(154) rox J A, "Enginering fluid mechanics", The Maanillan Press Ltd. 

1974 ISBN 0333231481, P 82. 

585 



Bibliography 

OODFREY F P, "An International history of the sewing machine" , 

ISBN 0709198760 Robert Hall Ltd. London 1982. 

cxx)PER G R, "The sewing machine - It I S invention and developnent" , 

Smithsowan Institution press Washington DC 1976, ISBN 087474330-3. 

FRIEND R L, "Sewing roan technical handbook - Lockstitch and overlock 

seams", HATRA Nottingham 1977. 

WAKE W C, "Adhesion and the fornrulation of adhesives", Applied 

Science Publishers Ltd. 1976, ISBN 0853346607. 

"Classification and terminology of stitch types", British Standards 

Institute 3870: Part 1,1982. 

"Clothing tenns and definitions", 3rd Edition, London, Clothing and 

Footwear Institute, 1982. 

586 


