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PREFACE 

This book has been written for students of all levels and for a l l  
who are engaged in the production of woven fabrics. It covers all 
important aspects of the conversion of yams into fabrics, including 
not only weaving itself but also winding and preparation, loom 
design, noise, loom developments, fabric properties and design, the 
interaction between yarns and fabric, management and cost optimi- 
zation. Care has been taken to expose terms which may be new to 
the student, and these terms are defined in a glossary which is linked 
with an index to the text and to a list of literature references. The 
index is designed to provide the reader with a means of following 
up any topic which he wishes to study in greater depth. 

Grateful acknowledgements are given to our colleagues in the 
School of Textiles, North Carolina State University, and, in particular, 
to Mrs. E. Ragland for her secretarial work and Mr. J. Baker for his 
library research. 
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Second Edition 
The book has been revised to express the examples in metric 

units as well as Imperial units. The opportunity has been taken to 
rewrite some sections to include newer information and to broaden 
the coverage. 
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~ ~~~ ~ ~~ ~ ~~ ~ 

AN HISTORICAL INTRODUCTION TO WEAVING 

The Ancient History of Weaving 
Human beings have clothed themselves with woven materials 
since the dawn of history, and the history of civilization is 
also, to some extent, the history of weaving. Aitken says, 
“There is evidence that the Egyptians made woven fabrics 
over 6000 years ago and it is believed that in prehistoric 
times, lake dwellers in Europe made nets from twisted 
threads”. Old mural paintings and carvings, china and other 
ancient artifacts make it clear that providing himself with 
clothes was an important facet of man’s early life. Until 
comparatively recent times, spinning and weaving were 
skills associated with domestic life, and there are refercnces 
to these familiar occupations in the literature of all civilized 
societies. Thomas Gray, for example, wrote 

Weave the warp, and weave the woof, 
The winding-sheet of Edward’s race. 
Give ample room, and verge enough 
The characters of hell to trace. 

In the earliest primitive civilizations, the threads used for 
weaving were very coarse (probably vines or creepers). In 
general, therefore, the cloth produced was also crude and 
coarse, although there are references in even the oldest 
literature to fine fabrics. For example, the filaments extruded 
by the silkworm were used by the Chinese to make the finest 
of fabrics. The origins of sericulture (the culture of silk- 
worms to produce raw silk) are so ancient that the earliest 
references are to be found only in legend and fable. Silk 
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became economically important in China over 4000 years 
ago under Emperor Huang Ti and it is said that his Empress 
invented the loom. However, it is probable that the loom has 
been invented many times in many civilizations. 

In ancient times, fine fabrics could be afforded only by 
the rich; the ordinary folk usually wore rough materials 
made from animal furs (if they were fortunate) or from 
animal or vegetable fibers. The more recent history of 
textiles is concerned with the development of methods of 
converting animal and vegetable fibers into fabric and, in 
modern times, with the development and conversion of 
man-made fibers into fabrics. 

The Early English Woolen Industry 
A great deal of textile development occurred in England and 
neighboring countries. Thc history of the English textile 
trade is a story which involves the complex interactions of 
society, economics, the emerging sciences, agriculture, and 
the ancient textile arts. I t  is salutory to find that many of 
today’s economic difficulties are no new phenomena; they 
had their like in times long past. 

In the ninth century A.D., Alfred the Great found himself 
as Comrade-in-Arms with Arnulf of Flanders in repelling 
persistent attempts at invasion by the Danes. This relation- 
ship was sealed by marriage and founded a lasting connection 
between the men of England and Flanders; the latter were 
well versed in the textile arts. The social organization was 
such that small, almost self-sufficient communities grew up 
around strongholds and their affairs were managed by guilds. 
As life became more complex, craft guilds began ta. appear 
which were concerned only with given crafts, and the first 
of these was the Weavers Craft Guild ( 1  100 A.D.). In 1108, 
following disastrous floods in the Low Countries (i.e. 
Holland), many Flemings emigrated to England and Wales 
bringing their skills with them. Flemish textile workers 
provided a foundation on which much of Britain’s textile 
trade was built. In 1362 the Staple was established in Calais; 
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this was a center for the export of English wool (it is probable 
that this is the origin of the use of the word “staple” 
as a textile term). At  this time, England was an agricultural 
country, and there is evidence that many farmers found wool 
more profitable than corn. 

William the Conqueror (who successfully invaded England 
in 1066) was married to a Flemish princess, as was Edward 111 
in the fourteenth century; there was thus a continuing tie 
between the two peoples which helped maintain the textile 
tradition. This was further encouraged by subsidies which, 
according to Wood and Wilmore, were U800 in 1348-a 
very great sum in those days. It is not surprising that the 
Belgian weaving trade was seriously affected. 

i n  1407, The Merchant Adventurers Company was char- 
tered to operate a monopoly in the export of cloth to Contin- 
ental Europe. There was, of course. no industrialization at 
this time; weaving was a cottage industry. Families worked 
in their homes to supply a clothier who rented the looms, 
collected the woven materials and distributed then1 for profit. 

After his quarrels with the Pope and his loss of influence 
in Europe, Henry V l l l  devalued the coinage in 1544. This 
caused a boom followed by a slump and left an unstable 
textile industry which had many ups and downs. The situ- 
ation continued for the next two hundred turbulent years, 
and was not eased by the growing conservatism of the craft 
guilds which often opposed progress. Many workers migrated 
from the established centers to set up new ones in the northern 
parts of the country to escape the tyranny of the guilds. (It is 
interesting to note that when the industrial revolution swept 
through the north in the eighteenth and nineteenth centuries, 
similar attitudes prevailed and the term Luddite came to have 
its particular meaning.) 

Meanwhile Elizabeth I reformed the currency, set up a 
number of trading companies and made London a great 
international center of finance and shipping. The early 
Stuart dynasty did much to encourage the arts and sciences 
and this was to prove of great benefit in later years. However, 
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these were very hard times for the ordinary folk; prices rose 
faster than wages (mainly because of profligate spending), 
the population continued to grow and there were terrible 
shortages. Religious intolerance added LO life's burdens. 
Little wonder that some 60,000 Britons emigrated out of a 
population of less than 5 million ; little wonder that there 
was civil war. The Pilgrim Fathers were among the 60,000 
emigrants from Britain. 

When William of Orange eventually acceded to the throne, 
England was brought once again into the European com- 
mercial scene and the way was paved for the age of reason 
and enlightened despotism of the early Hanoverians. 

The Industrial Revolution 
During the early Hanoverian period, attention was diverted 
from wars and religious intolerance with the result that there 
was considerable progress in other directions. The sciences, 
which had flourished under the patronage of the Stuarts, 
now developed and were exploited, particularly in the second 
half of the eighteenth century. This trend continued through 
the nineteenth century ad industrializajion spread and the 
factory system evolved to create what we now know as the 
industrial revolution. 

Prior to this period, attitudes could seldoni be described 
as enlightened; for example, one of the earliest attempts to 
control a loom from a single position dates from about 1661 
in Danzig, but the authorities there were so fearful of the 
outcome of such an innovation that they caiised the inventor 
to be murdered and the invention to be suppressed. Some- 
times, inventions failed because the means were not available 
to develop them. It is not enough to have good ideas; the 
environment must be suitable before ideas can be translated 
into useful form. This environment was created during the 
industrial revolution, and invention and application pro- 
ceeded apace. Progress in one direction stimulated propess 
in another; each new step forward paved the way to further 
advances. 
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The relationship between spinning and weaving was an 
example of such forced development. I n  1733, Kay invented 
the fly shuttle which enabled filling (weft) to be inserted more 
rapidly, and this led to a shortage of yarn. An account of 
1783 refers to the knavery of the spinners and continues, 
"The weavers in a scarcity of spinning . . . durst not com- 
plain, much less abate the spinner, lest their looms should 
stand unemployed: but when (spinning) jennies were intro- 
duced and the (weaver's) children could work on them, the 
casc was altered, and many who had been insolent before 
were glad to be employed in carding and dubbing cotton for 
these engines". Thus the see-saw of advantage between 
spinning and weaving helped to  stimulate pro_prcss. In 1745, 
de Vaucanson produced a loom, which was further developed 
by Jacquard. on which intricate patterns coiild be achieved 
by liftins the warp ends almost separately as required. This 
invention established a line of looms which are still known 
today as Jacquard looms. They did not develop as rapidly 
as  they niight have done during those early days; no doubt 
the environment of revolutionary France was not conducive 
t o  indust rial development. 

Kay's shuttle was hand operated and althoush it made 
possible considerable increases in productivity, it also opened 
the door to even greater advances as soon as power could be 
applied to the loom. A clergyman named Cartwright ( I  785) 
invented a so-called power loom which could be operated 
from a single point by "two strong men or a bull"; there was 
an obvious necd forpower beyond the resources of a single 
man. Fortunatcly. stcani power was already becoming 
avsilablc; James Watt had begun niaking s t e m  engines irl 
1776. .4 p a t  dcal of Watt's sitcccss stemmcd from the 
availabilit! of suitablc iron iii sulticicnt quality and quantity; 
Wilkit~son's f i r b t  blabt furnncc for iiiaking iron was in oper- 
ation by about 1749. The train of  events i n  the progression of 
invention and exploitation is illustrated in Fig. 1 . I .  
By the early 1800s. looms were made of cast iron and were' 

driven bv stcnni power: bv l S 2 l .  therc uc re  over 5000 looms 
in operatioil in soiiic 32 k i l l 5  in thc north of England. In 
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just over ten years from that date, the number had increased 
to some 100,000 and the basic loom had almost developed 
to the machine we know today. 

Economic and Social Effects of the Idustrial Revolution 
The sudden surge forward during the industrial revolution 
brought significant social and economic changes. People 
left home to work in factories. When industry was centered 
in the home, child labor went unnoticed, but in the factory 
it was brought under general scrutiny. The account of 1783, 
mentioned above, says “spinning machines were first used 
by the country people on a confined scale, 12 spindles being 
thought a great affair at first, and the awkward posture 
required to spin on them was discouraging to grown-up 
people, while they saw with a degree of surprise, children 
from 9 to 12 years of age managed them with dexterity, 
which brought plenty into families, that were before over- 
burthened with children”. Here the use of children was seen 
as a boon, but in the factories, bad working conditions 
existed and extremety long hours were the rule. The follow- 
ing quotation from the Select Committee on Child Labour in 
Factories in 1831-2 sets the scene. 

“I was 7 years of age when I began to work . . .; the 
employment was worsted spinning. The hours of labour at 
that mill were from five in the morning till eight at night, 
with an interval for rest and refreshment of 30 minutes at 
noon; we had to eat our meals as we could standing or 
otherwise. . . , the wages I then received was 2s. 6d. (about 
50 cents) a week. In  the mill there were about 50 children of 
about the same age as I was. There were always, perhaps half 
a dozen regularly that were ill because of excessive labour. 
There were three overlookers-and there was one man kept 
to grease the machines and then there was one kept on 
purpose to strap. Strapping was the means by which the 
children were kept at work. I t  was the main business of one 
of the overlookers to strap the children up to this excessive 
labour”. 
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No wonder Blake wrote 

And did the Countenance Divine 
Shine forth upon our clouded hills? 
And was Jerusalem builded here 
Among these dark Satanic mills? 

Lipsey and Steiner say, “In the worst days of cotton- 
milling i n  England the conditions were hardly worse than 
those (then) existing in the South (of the U.S.A.). Children, 
the tiniest and frailest of five to six years of aze, rise in the 
morning and, like old men and women, go to the mills . . . . 
“Many children work all night ‘in the maddening racket of 
the machinery, in an atmosphere insanitory and clouded 
with humidity and lint’ *’. 

However, human conscience is strong; the Factories Act, 
passed in 1835, limited working hours and from that time 
conditions have improved steadily. Even today, however. 
many weave rooms are still excessively noisy and sometimes 
dirty. 

The change from cottage industry to factory system was a 
radical one. Until the invention of the power loom, a machine 
could produce no more in a factory than it could in a home; 
a factory was difficult to finance: it was risky to employ a 
number of people and transport was difficult and hazardous. 
The power loom could not be installed in  a home because 
many looms drew their power from a single source: also 
trade had improved and expanded. finance was abailable, 
transport systems developed and the factory became a good 
investment. Further, clothicrs were findins it ditlicult to con- 
trol their workers who became very independent. so it was 
thought better to concentrate them in factories to preserve 
quality, quantity, and delivery schedules. The demand for 
labor became so great that it outstripped supply. despite a 
population increase from 16 to 72 million in the latter half of 
the nineteenth century. This led to the Srouth of :reat con- 
cectrations of population around thc n i m  ufacturing centers 
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and to the development of large towns and cities. The com- 
bination of insistent demand and unchecked human greed 
led to the excesses previously described, but these in turn 
stimulated great reforms; for instance, in 1891, elementary 
education was made free for all and in 1897 the Workmen’s 
Compensation Act was passed into law. 

The Cotton Industry 
The beginning of cotton as a textile fiber are somewhat 
obscure, but certainly it was used in Egypt in ancient times. It 
was also grown in Moorish Spain in the tenth century, but 
it made its way into central Europe primarily from the Far 
East. Columbus discovered the inhabitants of Hispaniola 
wearing cotton clothes, Magellan found the Brazilians sleep- 
ing in nets of cotton, and Cortez was intrigued by the 
cotton garments worn by early Americans. 

In Europe, cotton spinning and weaving spread progres- 
sively through Italy, Germany, the Low Countries and then 
to Britain; cotton was imported into England in 1303, the 
import duty being 2d. (about 3 cents) a sack. In 1402 a bale 
of cotton was valued f 5  (this was equivalent to at least two 
years wages for one man). The devastating Thirty Years War 
in Europe in the seventeenth century left the field clear for 
the Lancashtre cotton industry, but even so a pamphlet 
entitled “The Ancient Trades Decayed and Repaired Again” 
published in 1678 says, “This trade (the woolen) is very much 
hindered by our own people, who do wear many foreign 
commodities instead of our own; as may be instanced in 
many particulars; viz. instead of green sey*, that was wont 
to be used for children’s frocks, is now used painted and 
Indian-stained and striped calico-etc.”. An Act of I700 
banned the import of Indian silks and printed calicos, but 
instead of protecting the woolen industry it caused the 
introduction of calico printing; a further Act of 1721 pro- 
hibited this, but printed fustian (a mixture of cotton, linen 
and wool) was excluded. 

Sey was a fabric. 
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Maiichester Exchange was opened in 1729 and John 
Dyer says: 

Again, and oft, th'adventurous sails disperse, 
These to Iberia, others to the coast 
Of Lusitania, th'ancient Tharsis deemed 
of Solomon; fair regions, with the webs 
of Norwich pleas'd or those of Manchester; 
Light airy clothing for their vacant swains 
And visionary monks. 

The use of cotton continued to grow and by the end of the 
eighteenth century it was well established; an Act of Parlia- 
ment of 1774 legalized the manufacture of fabrics made 
entirely of cotton. Prior to this, it had not been possible to 
make adequate warps out of cotton using the spinning jenny, 
but Arkwright had demonstrated with his new machine that 
cotton could be used on an industrial scale for the manufac- 
ture of both warp and weft. However, such advances were 
not popular with the workers. Kay had to flee the country 
and many machines were broken up by the angry workers 
fearful for their jobs. Another artisan inventor, Samuel 
Crompton (a weaver), worked in secret to improve the spin- 
ning process and eventually he produced the mule (1790) 
which gave the mass production of yarn a considerable 
impetus. The production of yarn now began to outstrip the 
production of cloth by the loom, until in due time the develop- 
ment of Cartwright's power loom redressed the balance. 

It is interesting to note the first British mLislin in 1780 
retailed at 10s. 6d. a yard (i.e. at least a week's wages for a 
worker) whereas in 1850 it was 2d. a yard (i.e. less than 2 per 
cent of its former price). Arkwright's mill at Cromford was 
the first of the new factories; it  was capable of producing 
7 tex (80s cotton) and even 6 tex (100s) yarn, a feat which 
many modern mills cannot match. 

The establishment of the cotton manufacturing industry 
in Lancashire was influenced by several factors : 
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1. Lancashire produced a succession of artisan inventors 
who were able to exploit ttie newly emerging scientific 
knowledge. 

2. The new technology was widely accepted (except by 
some fearful workers). 

3. There were good ports and good transport facilities. 
4. The humid air was suitable for the spinning of cotton. 
5.  There was ample rainfall to provide power (in the 

6. The soft water of the Pennines made it easy to wash 

7. Coal supplies were located nearby which made power 

8. The salt deposits in nearby Cheshire provided chemicals 

9. Farming was difficult and alternative employment was 

10. There was freedom from the restrictive attentions of 

In the late nineteenth century there was growing compe- 
tition from Germany and America. In 1870 the Corn Laws 
were repealed which led to a flood of cheap North American 
wheat ; this aggravated the growincg unemptoyment brought 
about by a failure to keep up with technical advances. Then 
came the disastrous World War I which brought in its train 
many social and economic difficulties. Bitter trade union 
controversy (which led to the General Strike) combined with 
the American slump and the collapse of Wall Street left much 
of the world in a parlous condition; many millions of former 
factory workers were unemployed through no fault of their 
own. 

The value and cost of labor became more vividly apparent 
in these times and greater attention was directed toward a 
deeper consideration of the economics of the entire process 
of textile manufacture. More consideration was given to the 
peripheral processes than to the development of the loom 
itself. 
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Aitken says: 
“The period from 1920 to the present day has been one of 

immense improvement in the windins and warping of yarns 
of all kinds. Although actual processes remain unchanged. 
the machines are conipletely different. The development of 
clearing yarns of faults without abrasion. and of winding at 
low and constant tension for both warp and weft have im- 
proved weaving at  the loom. with conseqiient increase in 
machine efficiency and the allocation of more looms to a 
weaver. 

“During this period warp tying machines and warp draw- 
ing-in machines have not only been improved but there is naw 
a competitive field fol several makers of these machines. 
Much progress has also been made in tape sizing. particulnriy 
in the drying section and the size box.“ 

Thus the main areas of progress in  the early twentieth 
century were in the development of adequate preparation of 
the material for subsequent weaving. This iniplies a bet’ler 
understanding of the economics of the whole process of 
fabric production. N o  longer can weavins be considered to 
be merely operating a loom. All the processes including yarn 
production and fabric finishing have to be taken into account. 

In the late 1930s prosperity seemed to be returning. but in 
1939 World War I I  interrupted p r o p ~ s s  and upset the 
previously prevailing balance. Following the end of the war 
in 1945, a completely direrent structure of the textile industry 
began to  emerge. 

The strident deiiiands of war had shown that iinsltillcd 
labor working in shifts through night and day could producc 
‘amazing quantities of material. The textile industry. after 
some hesitation, b e p i  to adopt shift working with all its 
economic advantn~es.  The hesitations arosc from thc rcluc- 
tance of labor to work. unnatural hours and of the employers 
to reequip with expensive niodcrn machines. (There is much 
less advantage in  shifi workins if t l i t  iiiiicliines ;ire heavily 
marked down in value.) 

The centcrs of [tic i i i t l u b t r y  began to change bcciitisc of 

12 



the wide variations in the cost of labor. For example, the 
Lancashire industry declined and there was an upsurge of 
activity in the Far East. In U.S.A., there was a migration 
toward the South where labor was cheaper and the restric- 
tions from the labor unions bore less severely. 

Man-made Fibers 
In the mid nineteenth century, there were attempts to make 
synthetic textile materials; in 1855, Audemars made cellulose 
nitrate from which the nitrocellulose method of making 
rayon was developed. In  1884 Chardonnet made the first 
artificial fiber from this material and he built the first rayon 
factory. Regenerated cellulosic fibers became competitive 
with natural fibers in the first few decades of the twentieth 
century, but they were suitable only for certain purposes and 
they came to be regarded as poor imitations of the natural 
materials. 

In 1927, Wallace Carothers started investigating poly- 
merization and discovered that he could make fibers from 
polymers such as polyesters and polyamides. By 1935, 
polyamide fibers were being produced on a commercial scale, 
and were soon to become available to the public as nylon. 
The first nylon hosiery was on sale in 1939. 

After the war, nylon was vigorously marketed, but in the 
form that then existed it did not satisfy all the user require- 
ments; in particular, its moisture absorption was low-less 
than half that of natural silk-and this detracted from its 
comfort in apparel uses. The development of texturizing 
provided nylon filaments in a bulkier, softer form, and opened 
up  a wide range of new applications. The impact of texturiz- 
ing has been so great that it can be r6garded as one of the 
major advances of the twentieth century. I t  is not surprising 
that the rise of this new section of the industry has had a 
marked effect on weaving. 

At the present time, natural fibers are losing ground 
generally to man-made fibers, which are making a significant 
contribution to the increasing market for textiles. Japan and 
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other Far Eastern countries are playing a major role in this 
development. The low wage rates which prevail in many 
Eastern countries are making it increasingly difficult for 
textile manufacturers in the advanced Western industrial 
countries to compete. So, as the technology changes, the 
pattern of geographical distribution of the textile industry is 
changing too. 

One way of combating inequalities in wage rates is to 
increase productivity per man to such an extent that his 
contribution to the cost of a uni t  of production is less than 
the cost of transport from far off places. This must be done 
without unduly inflating the capital cost of the equipment, 
and it requires a technological development beyond that which 
has been apparent in the first half of the twentieth century. 

Knitting 
Knitting has brought a new challenge to weaving in recent 
years. The ancient art of knitting has been mechanized, and 
in this form it is inherently a more rapid process than weav- 
ing. 

It is not known who invented knitting but the w0r.d is said 
to be derived from the Anglo Saxon “cnyttan”.which was in 
use at the end of the fifteenth century. Certainly in the follow- 
ing century the trade termed “hosiery” was well established 
and leg coverings were knitted on needles of bone and wood, 
The first knitting machine is attributed to William Lee in 
1589. Lee failed to get a patent in England and moved to 
France where he was granted one in 1610. This established 
the basis of the modern knitting machinc. For some reason, 
the potential of the knitting machine was not clearly recog- 
nized and it did not develop in a significant way until the 
latter half of the twentieth century. The nature of knitted 
fabric is quite different from that of woven fabric, and the 
early knitted fabrics made from natural fibers had only 
limited appeal. However, with the emergence of textured 
man-made yarns, the appeal of knitted fabrics has broadened 
to the extent that a considerable amount of the potential 
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market has been lost by the weaver. I n  fact, the successivc 
development of man-made fibers, texturizing and kni t t ing  
may be regarded as a new chemically-based industrial 
revolution. Certainly, this second revolution has interacted 
with the old Industrial Revolution atid speeded up its tempo, 
as indicated by Fig. 1.2 (a simplified version of Fig. I .  I ) .  

“Nonwoven” Materials 
Another challenge to weaving lies in the so-called ‘‘non- 
woven” materials, in which sheets of fibers with varying 
degrees of organization are held together by adhesives, 
stitching or needle punching to give a usable fabric. Again, 
the nature of the fabric limits its appeal but there are Lin- 
mistakable signs of this appeal being widened. 

Summary 
The pattern of development in the textile industry has been 
marked by change and counter-change. To blindly resist 
these changes is to court extinction; survival and progress 
require that new ideas must be accepted and adapted to our 
needs. It must be remembered also that technology cannot 
be considered in isolation. All changes affect, and are affected 
by, the social, economic, and political environment. 

Weaving will survive alongside its new competitors, but 
to do  so effectively the technology of weaving must develop 
rapidly. This demands an understanding of the fundamental 
concepts of the subject, and an appreciation of the directions 
in which technological progress is carrying the industry 
forward. It is hoped that the following pages will provide 
this understanding and appreciation. 

“The time has come” the weaver said, 
“To think of many things, 
Of shafts-and sheds-and sizing wax- 
Of selvages-and rin s 
And why the warp is abraded not- 
And whether shuttles have wings”. 

F 

Apologies to Lewis Carroll 
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2 
A TECHNICAL INTRODUCTION TO WEAVING 

Key words : beat-up, canis (tappets), cloth take-up, dents, 
dobby, fabric jinishing, .fabric structure, Jilting (iwj?), gripper, 
harness (sliafts), heddle (healds), jacquard, lay (sley), lay swords 
( s k y  swords), loom, loom timing, picking cam (picking bowl), 
picking stick, quills (pirns), race board, rapier, reed, rocking 
shaft', slasliitig (siiiig), warp, warp end (yarn end,) warp beam, 
warp let-ofl, warp shcd, warp skeet, weft itisertion (picking), 
yarn twist, yarn preparation. 

The Fabric and the Phases in its Production 
Woven fabrics are produced by interlacing warp and filling 
yarns as shown in Fig. 2.1, The warp lies along the length of 
the fabric whereas the jfilling. (or weft) lies across the width. 
Every warp yarn is separated from all the others; thus, the 
warp consists of a multitude of separate yarns fed to the 
weaving apparatus. On the other hand, the filling yarn is 
usually laid into the fabric, one length at a time. 

There is a large variety of possible ways of interlacing the 
two sets of yarns and the manner in which this is done 
determines the fhbric .striictirrc. The yarn character and the 
fabric structure together determine the properties of the 
fabric, such as appearance. handle, wear capability. etc. 

A prime requirement of a textile fabric is that it should 
be flexible. Many thin sheet-like materials can be Rexible in 
bending, but they usually have such a high shear stiffness 
(see Fig. 2.2) that they do not drape well and may look 
unattractive. This point may be illustrated by a simple 
experiment i n  which a shcet of paper and a piece of woven 
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SELVAGE 

Rg. 2.1. Warp andfilling (wefi) 

cloth of similar size are laid in turn on a child's ball (Fig. 
2.2(c) and (d)). 

The flexibility and drape of woven fabrics are considered 
'further in Chapter 7. 

Generally, the warp yarns undergo greater stress than the 
filling yarns during weaving; consequentty, the yarn re- 
quirements for the two purposes are different. Warp yarns 
must be of a certain minimum strength, whereas the filling 
can be quite weak; the warp yarns usually have a relatively 
high twist but twist in the filling yarns is usually kept as low 
as possible. As twist costs money and excessive twist produces 
harsh fabrics it is generally kept as low as possible in both 
types of yarn. 

In fabric manufacture, the sequence of operations is as 
follows ; 
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F . - 
F 

( a )  FORCES [ b )  DEFORMATION 

SHEAR 

( C )  PAPER 
(FAIRLY HIGH SHEAR STlFFNfSSI 

[ d )  FABRIC 
( L O W  SHEAR STIFFNESS) 

Fig. 2.2. Ability of material to mold, i.e. drape 

1. Yarn production. 
2. Yarn preparation. 

(a) Warp. 
(b) Filling. 

3. Weaving. 
4. Fabric finishing. 
The present book covers in detail thc topics of yarn 

preparation and weaving, but it does not deal with yarn 
production or fabric finishing. 

Yam Preparation 
The linear production rate of a tjpicrtl spinning machine 
is quite different from the yarn consumption rate of a normal 
loom. For example, a typical yarn production rate might be 
up to 100 m/min (4000 inch/min) whereas in weaving, warp 
is consumed at perhaps 0.1 d m i n  and filling is consumed at 
up to 1000 m/min. It is clearly difficult, therefore, to operate 
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Ffg. 2.3. Shedding 

a continuous process involving spinning and weaving. 
Intermediate packaging operations are a feature of modern 
fabric production, and this series of operations is termed 
yarn preparation. The object of these operations is to 
prepare packages of a size and build best suited to a 
particular purpose. 

As a warp consists of a multitudc of separate yarns or 
ends, in making an appropriate package (known as a beam) 
the ends must lie parallel and this determincs the type of yarn 
package that must be used. On the other hand, filling yarn 
needs to be continuous and the filling yarn package is wound 
according to the type of weaving apparatus used. 

Adhesives may be used in achieving the minimum strength 
requirements of warp yarns. The process of weaving involves 
the abrasion of one warp end against its neighbors and 
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against the adjacent machine parts. The use of adhesives 
and lubricants can limit the amount of damage caused by 
this abrasion and it is the normal practice to treat warp 
yarns with a solution which serves both as adhesive and 
lubricant. The process, known as slashing or siring, is gen- 
erally regarded as part of yarn preparation. 

Looms 
The apparatus used for weaving is termed a loom*. The 

loom may be considered simply in terms of its various 
functions (which are not necessarily separate). The warp 
from the beam is fed to the zone where it is converted into 
fabric and this fabric is then "taken-up" on a cloth roll. This 
can be regarded as a flow of material along the length of the 
fabric and the control of this flow is one of the functions of 
the loom. Prior to interlacing, it is necessary to divide the 
warp sheet as shown in Fig. 2.3 so that the filling can be 
inserted to give the required interlacing as shown in Fig. 2.4. 
After the weft insertion, the sheet has to be rearranged before 
the next weft insertion so as to generate the required fabric 
structure. The process of dividing the warp sheet in its vary- 
ing patterns (shedding) is the second function. The process of 
inserting the filling yarn (picking) may be regarded as the 
third function. A further function, called beat-up, involves 
the positioning of the filling in the fabric as illustrated in 
Fig. 2.5. Summarizing, these functions may be listed as 
follows : 

1. Warpwise control. 
2. Shedding. 
3. Picking. 
4. Beat-up. 

These will be discussed in detail in subsequent chapters. 

* Strictly speaking, a loom is not a true m.chinc u defined according to 
the laws of mechanics. 
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Hg. 2.4. Filling (weft) insertion. 

The Decelopment of the Loom 
In early looqs, the main structural components were very 
simple; the warp was tensioned by individual weights and 
the filling was inserted by a suitably shaped stick or such-like. 
In these primitive looms, the functions of warp control, 
filling insertion and beat-up are recognizable but the function 
of shedding is almost completely absent. Furthermore, there 
was no readily recognizable process which corresponded to 
what is today called warp preparation. 

As the loom developed, the function of shedding became 
more apparent, presumably because a well organized 
shedding system made it easier to insert the filling. However, 
the process was still very much a discontinuous one and was 
limited to piece weaving, hence there was little need for yarn 
preparation as we know it. With the advent of Kay’s shuttle, 
a distinct warp shed was essential to pass the shuttle; also it 
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L 
Fig. 2.5. Beat-up. 

was necessary to wind quills or piriis to fit into the shuttle 
(see Fig. 2.6). By tliis time, too, rudimentary warp beams 
were in use and another aspect of yarn preparation was 
established. As the improvement in the quality of warp yarns 
increased, so it became technically feasible to operate the 
loom faster. The emergence of the power loom realized this 
potential and made it necessary to consider warp sizing in a 
much more serious light. 

The idea of fortifying a poor yarn by painting it in siirr 
with a cheap vegetable adhesive was not new, but with the 
extra stresses and abrasions suffered by the warp in power 
weaving, a separate sizing operation became a necessity. 
The first sizing machines appeared in 1803. The objects were 
(and still are) to give the warp yarn the necessary strength 
whilst retaining a sufficient elasticity, and to impart a smooth 
compactness which (together with lubrication) minimizes the 
frictional resistance. 
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QUILL (PIRN) CONTAINS FILLING 
AND IS MOUNTED INSIDE SHUTTLE 

fig. 2.6. Shuttle passes through worp shed leoving filling (weft) 
Roiling behind. 

Once the basic mechanisms were established, it was then 
possible to elaborate the loom in various ways. ,A number 
of protective devices were developed which stopped the loom 
when an end. broke; this minimized the amount of defective 
fabric produced and protected the machine against damage. 
Multi-shuttle systems were produced which permitted a 
change of color in the filling direction without stopping the 
loom and this enabled fancy fabrics to be madc. In 1894 
Northrop devised a means for changing the empty quill in 
the shuttle for a full one without stopping the loom. I n  fact, 
this is essentially what is meant by an automatic loom; it is 
a loom in which the weft replenishment is automatic. 

By using variable patterns of shedding in combination 
with filling of different colors, it became possible to produce 
a great variety of fancy cloths from these power looms which 
soon rivaled those produced by the ancient craft weavers. 
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Fig. 2. 7. Schematic view of shedding in draw loom 

This tcclitiique c . 1 1 ~ ~  niucli from earlier expericncc. T h e  
traditional drii\v loom had permitted figuring effects to be 
inade because thc shcdding of each warp end was controlled 
by a separatc striii? which was tensioned by its own dead- 
weisht, as shown in Fig. 2.7. The strings were connected in 
c eroups to neck cords which could be lifted in cert:iin sequences 
to give thc desired pattern. The bunches of striiys were 
pulled in turn by ii draw-boy while the wm’cr attended to 
the weft insertion. I n  I725 Boucboii irscd ;i piinched tape to 
control the strinp imd i n  I728 Falcon iiivciitcd s h u t  was, 
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Fig. 2.8. Shedding 

in essence, the Jacquard machine which used a series of 
punched cards. In 1745 de Vaucanson iiiteyated these ideas 
and a short time later Jacquard inlproved tlie machine to 
give the first completely centralized control of the loom. 

Other techniques were also used. For example (Fig. 2.8), 
a heddle (or Iteald) was used to open tlie warp shed and by 
grouping the heddles into several frames (called liarnesses or 
shafrs) and operating each frame by a separate cam (tappet), 
it was possible to generate small patterns having up to about 
6 picks per repeat. Another technique was to  use a dobby 
similar in principle to a Jacquard working with a diminished 
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CHECKING 

LUG STRAP PICKING 

Fig. 2.9. Filling (wefr) insertion 

number of groups; this is capable of producing small patterns. 
The main mechanisms of the loom which evolved at the 

turn of the century were as shown in Figs. 2.8 to 2.1 1. 
The warpwise control consists in the main of a cloth take- 

up system and warp let-of system which is restrained by a 
brake as shown in Fig. 2.1 1 so as to give the required tension 
in the warp. The cloth take-up speed is controlled to give the 
desired number of filling insertions in a given length of fabric. 
In addition, there are control devices designed to stop the 
loom in case of a yarn breakage or other event which might 
cause damage to the 1-oom. 

In the most common form of loom, shedding is controlled 
by the motion of the harnesses (heald shafts) each of which is 
capable of oscillating vertically as shown in Fig. 2.8. These 
frame-like structures contain a multiplicity of wires or flat 
strips known as heddles or healds and each of these contains 
an aperture through which one or more warp ends may be 
threaded. The aperturesare called heddie eyes. By using two 
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i A Y  O S C I L L A T E S  

Fig. 2.10. Beat-up 

or more harnesses, each of which controls ils o\ui group of 
warp yarns. it is possible to generate tlic clesircci fabric 
structure. For example, i n  n plain \ic:i\c. ~ r o u p  A will 
comprise all the odd numbered uarp ends and nil1 bc in the 
up  position, group B will comprisc all tlic e w i  numbered 
warp ends and be i n  the down position. At'tcr the filling has 
been inserted. group A is niowd Jown\vard and y x ~ t i p  B 
upward to give a new ~ v a r p  shed and [inotlier length of filling 
is inserted. Groups A and B are then interchanged a y i n  and 
the process continiies. To obtain patterns. niore liariiesses are 
used and the ninvciii:'iit ot' th,: harnesses is m,>re complicated, 
but the principle remins essentially the s i n i t .  

In  conventional loorns. pickins (insertion o f  the filling) is 
achieved by using a shuttle which contain!, ;I q u i l l  o r  piri i  011 
which yarn is stored. The shuttle is passcd tliroLi$ the \+alp 
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DROP WIRES. I 

AKE ACTING 
WARP BEAM 

U L O T H  ROLL 

TAKE-UP LET-OFF 

Fig. 2.11. Ron of marerial thmmgh the loom 

shed and filling yarn is unwound from the qiiill by themove- 
ment of the shuttle; thus a rapid traverse of the shuttle 
leaves behind a length of filling lying along the path taken by 
the shuttle and the subsequent shedding locks the yarn into 
position. The shuttle is usually propelled by the movement 
of a wooden lever as shown in Fig. 2.9. It is interesting to 
note that this is not an archaic survival but derives from the 
fact that certain woods such as hickory have the special 
property of being able to absorb considerable amounts of 
energy time after time without fatigue damage. The shuttle 
has to be accelerated to about 50 k d h  (30 mph) in a 
distance of only about 0.2 m (8 in) and at the other end it 
has to be similarly decelerated. The projecting of the shuttle 
is called picking and its deceleration is called ch&&fng. The 
wooden lever is apicking stick and the cam which drives it is 
a picking cum or picking bowl. 

When the filling has been laid in the warp shed, it lies at a 
distance from its proper position and it has to be pushed 
there by a comb-like device called a r e d .  The positioning is 
done in a fairly violent manner and this helps to explain the 
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term used to describe this function. viz. h m i q  up. Tlic warp 
is threaded through the reed which contains a niimbrr of 
spaces called dents. Depending on the fabric to be woven. 
one or more ends may be threaded through each dent and it  
is normal to refer to s ends per dent, where .Y stands for the 
relevant number. 

The shuttle is partially guided by a so-called race board 
and by the reed which is attached thereto. The whole assembly 
of race board, reed, etc., is called a /U I .  or .rkr which is 
carried by two levers called luv s~vords -which pivot about 
rocking shafts at the base of the loom as shown in Fig. 2.10. 
The whole assembly oscillatesabout these shafts at the appro- 
priate times and it i s  driven by a crank and connecting arm. 
The ~ O o l l ?  timirig is concerned with the proper sequence of all 
these events and in a sense this is an additional function 
which ties all the others together. 
In general, there has been little development of the basic 

design of the shuttle loom during the twentieth century 
although there have been many peripheral developments 
such as automatic quill winding at the loom, etc. There has 
been a somewhat halting progress towards new forms of 
loom. The shuttle, weighing perhaps 1/2 kg (l lb) is used to  
insert a length of yarn weighing less than one ten-thousandth 
Of the shuttle weight at each pick; consequently, it is not 
surprising that there have been many attempts to reduce the 
mass of the filling insertion system. With too small a fly- 
shuttle, the payload is small; the frequent quill changes can 
increase the number of cloth faults and reduce the overall 
efficiency of the process (each change costs money). 

An alternative technique is to use a rapier which inserts 
the filling in the manner used by the ancient weavers. Another 
technique is to use a small gripper which is propelled across 
the loom carrying the leading end of a single length of filling 
yarn. Alternatively, it is possible to use a blast of air or a jet 
of water to carry across a single piece of filling. All these 
techniques have been developed commercially and other 
possibilities are also being explored. 
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In the circular loom, it  is possible to use several “shuttles” 
at once, each following the other in the same direction in 
steady succession. The productivity of the loom (for a given 
speed) increases in proportion to the number of shuttles and 
the limit is set mainly by the geometry of the system. A 
similar system is under development for the normal flat bed 
loom. These devices demonstrate the efforts that are being 
made by weavers to meet the challenges that lie ahead. 
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AN INTRODUCTION TO WEAVING PREPARATION 

Key Words : beam warpitig, clcwiiig operatimi, cscelitig, csoss- 
wound package, conitig, dojfitig. dsuivirig-in, drop i t - iw ,  ocw-end 
wirhdranat, parallel wound pachagc, piccitig, psocirion witidirig, 
quilling (pirn winding), sectioti warpitig, .ride n*irlitisawal, 
sloughing of, stiart, traiwse (chase) tj*itig-iii, wurpiiig (beam- 
ing), warp winding, wcaoers’ beam, j’arri bullootiitig, j.ai*it 
guide. 
Introduction 
The selection of suitable yarns and the prcparation of yarn 
for weaving have a considerable influence upon the efficiency 
with which the weaving operation itself can be performed. 
For maximum efficiency, yarn breakage at the loom must 
be reduced to a minimum and this is only possiblc if: (a) care 
is taken to select yarn of uniform quality; (b) the yarn is 
wound on to a suitable package in the best possible way; and 
(c) the yarn has adequafe treatment before use. These re- 
quirements apply to varying extents to both warp and filling. 
The preparation of the warp differs from the preparation of 
the filling and it  is necessary to deal with each of them 
separately. However, winding is coninion to both and may bc 
considered in general terms. 
Warp Preparation 
The essential features of a good warp are as follows: 

1. The yarn must bc uniform, clean, aiid as free from knots 
as possible. 

2. The yarn must be sufficiently strong to withstand the 
stress and frictioii of weaving without excessive elid 
breakage, 
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CONE A S  USED 
IN WA R P I NG 

SPINNER'S PACKAGES 

Fig 3.1. 

3. Knots should be of standard type and size, enabling 
them to pass easily through the heddles and reeds of the 
loom. 

4. The warp must be uniformly sized and the amount of 
size added must be sufficient to protect the yarn from 
abrasion at the Iieddfes and reed so as to prevent the 
formation of a hairy surface on the warp threads. 

5. The ends of the warp niust be paratlet and each must 
be wound on to the loom beam at an even and equal 
tension; also, each warp end must be of the correct 
length and there should be no broken end therein. 

The object of warp preparation is to transfer yarn from 
the spinner's package to a weaver's bcam which can be placed 
behind a loom ready for weaving. A wurw 's  bear)) usually 
contains several thousand ends and, for a variety of reasons, 
it can seldoni be niade in one operation. It is usual to divide 
the warp preparation processes into the five sections des- 
cribed in the following pages. 

3 3  



THIN PLACE 
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THICK PLACE 
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k Y  

- 
Fig. 3.2. Some rypical yarn faults 

Warp Winding (Coning) 
One of the main purposes of warp winding is to transfer 
yarn from the spinner's or doubler's package (Fig. 3.l(a)) to 
another suitable for use in the creel of a warping machine 
(Fig. 3.1(b)) or for dyeing. Warping requires as much yam 
as possible on each package and also a package which has 
been wound at comparatively high tension, but dyeing requires 
a soft wound package so that dye can penetrate; a compromise 
is sometimes needed, therefore, in the matter of winding 
tension. 

A second main purpose of warp winding is to make it 
possible to inspect the yarn and to remove any thick or thin 
places. slubs, neps or loose fibers (Fig. 3 . 2 ) .  This ckwring- 
operation applies inainly to staple fiber yarns where such 
faults are more prevalent. 
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FOR CLARITY hfhflfi- 1 NOTE: GUIDES SHOWN THUS h 

PATTERN, BAND OR DRUM 
WARPING 

Fig. 3.3. 

Warping (Beaming) 
The purpose of warping is to arrange a convenient number 
of warp yarns so that they can be collected on a single 
warper’s beam. There are two main types of warping: (a) 
beam warping and (b) section warping. 
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(a) Beant u*urping is used for long runs of grey fabrics and 
simple patterns where the amount of colored yarn 
involved is less than about 15 per cent of the total. The 
broad principle is depicted i n  Fig. 3.3(a). This is 
sometimes referred to as direct warping. 

(5) Pattern warping is used for short runs, especially of 
fancy patterned fabrics where the amount of colored 
yarn is greater than about 15 per cent of the total. The 
broad principle of this type of warping is shown in 
Fig. 3.3(b). This is sometimes referred to as indirect 
warping or pattern warping. 

Sizing (Slashing) 
It is necessary to size the warp yarn for several reasons, 
namely : 

(a) to strengthen the yarn by causing the fibers to adhere 
together ; 

(b) to make the outer surface of the yarn smoother so that 
hairs protruding from one yarn in the warp should not 
become entangled with hairs protruding from a 
neighboring yarn; 

Cc) to lubricate the yarns so that there is less friction when 
they rub together in the weaving process. Lubrication 
also reduces the friction between the yarns and the 
loom parts. The reduction of friction reduces the forces 
acting on the yarns during weaving. 

Thus, the problem of reducing the warp end breaks 
during weaving is attacked from two ditrerent angles; that 
is, every attempt is made to reduce the loads imposed upon 
the yarns and also the yarn is strengthened. The warp break- 
age rate is important because, if a single warp end breaks, 
the whole loom has to stand idle until the warp break is 
repaired. 

Drawing-in 
At the sizing stage or afterwards, all the threads required for 
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the warp are brought together on the weaver’s beam. At this 
stage the beam is almost ready for use, but there remains one 
more operation-drawing-in-before the beam is mounted 
on the loom. 

The loom is stopped whilst the new beam is being mounted, 
and in order to reduce this wasted time to a minimum each 
thread is provided with its own series of attachments. When 
running on the loom, the warp yarn is threaded through a 
heddle eye and the reed ; it also supports a drop wire which 
will signal the loom to stop if that particular yarn end breaks. 
Bearing in mind that there might be several thousand such 
warp ends on a beam, it may take a considerable time for all 
these to be threaded; it is the practice, therefore, to carry 
out these operations away from the loom. Each warp end is 
threaded through an appropriate heddle eye and reed dent 
and is supplied with its own drop wire. Thus the beam 
brought to the loom has the required number of harnesses 
and reed as well as a multitude of drop wires. The beam in 
this state is useful only for the particular job at hand and can 
rarely be used to produce a different fabric structure without 
re-looming. 

Tying-in 
When fabric of a particular type is being mass produced, 
the new warp beams will be identical with the exhausted 
beams on the looms. Therefore, if every end on the new beam 
is tied to its corresponding end on the old beam, the drawing- 
in process can be omitted. Tying-in may be done by means of 
a small portable machine on the loom or as a separate oper- 
ation away from the loom. In the latter case, there is then an 
opportunity for cleaning and lubricating the loom, but the 
“down time” (i.e. the time ihe loom is stopped) should be 
kept to a minimum. The former is normal practice. 

It should be realized that one or more of the foregoing 
operations may be omitted or combined with other oper- 
ations, but in general all operations are necessary. The 
particular system employed will depend upon whether the 

37 



warp is grey (La. unfinished) or colored. If it is colored, 
the sequence will depend upon the stage at which it is dyed. 
The yarn may be dyed in one of the following ways: 

(a) Pressure dyeing on the spinner’s package before 

(b) Hank dyeing, which necessitates an additional reeling 

(c) Pressure dyeing on cones or cheeses after warp winding. 
(d) Warp dyeing (where the warp is dyed before sizing). 

This can be achieved by ball warp dyeing or by 
pressure dyeing on the back beam. itself. 

The form of dyeing chosen is determined by the type of 

winding. 

operation. 

dyestuff to be applied and the fabric style. 

Filling Yarn Preparation 
On conventional looms the filling yarn is inserted by means 
of a shuttle carrying a bobbin. This bobbin should be tapered 
at the end so that the yarn may be pulled without interruption 
through the eye of the shuttre as the shuttk travels from one 
side of the Ioom to the other. This bobbin (filling bobbin) is 
termed a “quilr’ or “pirn”. The machines used for winding 
these bobbins arc known as “quillers” or pirn winding 
machines. 

Spinning Filling Yarn on Quills 

The qiiill is wound either on the.spinning frame or on a 
twister frame. Because this method eliminates the winding 
process, it does not provide any opportunity for yarn 
inspection which is usually achieved at the winding stage; 
consequently, the technique is of diminishing importance. 

The yarn on the quills has to be conditioned by wetting 
or steaming before it can be used, as the moisture content 
affects the character of the yarn and unconditioned yarn will 
not weave properly. 
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Fitring Winding 
Staple yarns are commonly rewound after spinning to permit 
the removal of faults and to provide package sizes suited 
to the machines available. Filament yarn is not spun on a 
spinning frame as used for staple yarns. It may be received in 
the form of packages known as tubes, cops, cones, cakes, or 
cheeses which can vary greatly in size. Hence it is necessary 
to rewind the yarn onto quills of the required size. 

Quill winding is usually carried out on automatic quillers 
or automatic pirn winders, the latter being the European 
term. These machines are automatic in the sense that when 
a quill is filled with yarn, an automatic device stops the 
rotation of the spindle, the ful l  quill is ejected, a new empty 
quill is automatically placed on the spindle and winding 
recommences to continue until the quill is full, when the cycle 
is repeated. As the ful l  quill is ejected from the quiller, it 
either drops into a quill box directly under the quiller or it is 
carried by mechanical means to be placed on a pin board. 

In most newly designed looms, the shuttle is no longer 
used and alternative means of inserting the filling are em- 
ployed. Generally, such systems do not require a small 
package capable of being transported through the warp 
shed. Rather, a length of yarn is removed from a large pack- 
age and is then inserted into the fabric. Most of these new 
loom systems employ an intermediate yarn storage system so 
that the yarn package does not have to suffer the extremely 
rapid and intermittent yarn withdrawal that would other- 
wise be the case. Nevertheless, the average unwinding 
speed can still be high, and it is necessary to provide a package 
which can be unwound at a rapid rate and which can cope 
with sudden demands. The package should be as large as 
possible and yet still permit good unwinding; this often 
involves some compromise. It costs money to replace pack- 
ages on the loom and from this point of view, the larger the 
package the better; on the other hand, poor unwinding will 
create loom stoppages which are equally undesirable. Cones 
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I=&. 3.4. Yarn Snarl 

are preferred for looms of these types, but cheeses can be 
used; in general, any package suitable for high speed un- 
winding will be adequate for the filling supply. 

Advantages of Filling Preparation 
The advantages of a filling preparation are: 

1. Removal o f  slubs and weak places during processing 
which otherwise would impair the running of the loom. 

2. The production of tighter packages having more yards 
per quill. This reduces the number of quill changes 
ih the loom which, in turn, reduces the possibilities 
of flaws and wastage. 

3. Greater uniformity of quills used on the loom. This 
improves the uniformity of the fabric. 

4. The easy handling of small lots. 

Conditioning of Filling 
This process is the same whether quills are made on spinning 
or twister frames, or wound on a quiller. It involves the 
wetting or steaming of the filling yarn to stabilize it so that 
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it win weave satisfactorily. An unconditioned yarn is usually 
“lively”; if allowed to go slack, it will snarl as shown in 
Fig. 3.4. 

Winding Machines 
Driving the Package 

The package may be rotated by one of three methods: 
(a) Surface contact between the outer surface of the yarn 

on the package and a drum or roller. This gives a 
constant surface speed to the package and the yarn is 
taken Lip at an approximately constant speed. The 
system is illustrated in Fig. 3.5(a). 

(b) Directly driving the package at a constant angular 
speed. This causes the yarn take-up speed to vary as the 
size of the package changes. The system is shown in 
Fig. 3.5(b). 

(c) Directly driving the package at varying speed. To give 
constant yarn speed, it is necessary to cause the 
rotational speed to vary inversely with the package 
radius. 

RECIPROCATING 
TRAVERSE GUIDES 

Y A R N  x 
YARN 

DRIVE 

( a )  CONSTANT SPEED DRIVE ROLLER 

Fig. 3.5. (Above andfollowing page) Package drirq 
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constant 
package radius package speed = 

An 

(see Fig. 3.5(c)). 
expensive transmission system is used in method (c), 

and for this reason, it is seldom ked  except for delicate yarns. 
In general, method (a) is used for staple fiber yarns. 

Yarn Traversing 
There are three fundamentally different types of packages: 
(1) the parallel wound package; (2) the near-parallel wound 
package; and (3) the cross-wound package. 

(1) The Parallel Wound Package 
This comprises many threads laid parallel to one 
another, as in a warp. It is necessary to have a flanged 
package or beam, otherwise the package would not be 
stable and would collapse (Fig. 3.6(a)). 

(2)  The Near-parallel Wound Package 
This comprises one or more threads which are laid 
very nearly parallel to the layers already existing on the 
package. It may be tapered as in Fig. 3.qb) or have 
flanges as in Fig. 3.6(a). 

(3) The Cross-wound Package 
This type usually consists of a single thread which is 
laid on the package at an appreciable helix angle so 
that the layers cross one another to give stability, as 
shown in Fig. 3.6(c). 

The second and third types of packages require a traversing 
mechanism on the winding machine to give the correct build. 

The to-and-fro movement of yarn as it is laid on to a 
package, usually called tracerse or chilse, is controlled by a 
movable guide. When winding a type 2 package, the pitch 
between successive coils needs only to be small and the 
minimum distance traversed for each revolution of the 
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l a )  P A R A L L E L  WOUND PACKAGES 
(TYPE 1) 

(b) TAPER WOUNO PACKAGE 
(TYPE 2 )  

Fig. 3.6. fA bove and opposite page). 

package is determilled by the yarn diameter (see Fig. 3.6). 
The yarn approaches the laying-on point almost perpen- 
dicularly. 
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TWO HELICAL 
SHOWN TO ILL 
CROSS OVERS 
FROM THIS WI EOCES ARE 

STABLE BECAUSE 
OF THE NATURE 
OF THIS WINO 

( c )  CROSS WOUND PACKAGE 
(TYPE 3) 

Fig. 3.6. (con?.) 

When winding cones and cheeses (which have no flanges 
and are of type 3) the pitch between successive coils must bc 
relatively large if the package is to be stable (see Chapter 4). 
For such packages the winding angle must, in general, not 
be greater than about SO". 

Traversing methods are as follows: 

(1) Reciprocating 
(a) Single guide rod and traversing cam serving many 

(b) A guide and cam for each spindle (Fig. 3.7). 
winding spindles. 

(2)  Rotating 
(a) Grooved roller with single groove (split drum). 
(b) Grooved roller with multiple grooves (Fig. 3.8). 
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Fig. 3.7. Schematic diagram of a cam-driven 
reciprocating traverse mechanism 

Precision and Non-precision Winding 

When the successive coils of yarn on a package arc laid close 
together and parallel, it is possible to produce a very dense 
package in which a maximum amount of yarn is stored in a 
given volume. With a cross-wound package i n  which the pitch 
between successive coils is large, a considerable number of 
voids are created because of the multiple cross-overs and 
consequently the package is much less dense. To get a dense 
package, it is necessary to control very precisely the position 
of the yarn as it is laid on the surface. Since this is best 
achieved by a reciprocating guide placed close to the laying- 
on point, it is usual to find that so-called “precision” pack- 
ages are wound with a reciprocating traverse. 

As the diameter of the package grows during winding, 
so the yarn helix angle and the distance between adjacent 
coils change. I t  is possible that, i n  successive layers, one 
yarn may be wound immediately on top of another. This 
causes a patterning which is visible on the surface and which 
interferes with subsequent unwinding. This patterning or 
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YARN PASSES INTO GROOVE 
IN ROLLER WHICH CAUSES 
YARN TO RECIPROCATE AS 
SHOWN 

Fig. 3.8. Grooved roller trarersc 

F&. 3.8 (a). Ribbonfng ur Pattemly. Thk oecnn, with ita 
aaaocbted ovdapa, when the yam hmm mkie o d k t e a  
In I nehmniam with the acrfoer of the p a e m  and cmuea 
&eentycanr in the w M  to by on top of one another. 

Pattern&# OCM only at apevie whia of D. 
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ribboning is shown in Fig. 3.8(a) and it will be observed that 
the closely packed yarns within the ribbon are unlikely to 
allow dye to penetrate as easily as elsewhere. Also, during 
unwinding, there will be marked yarn tension increases as 
yarn from the ribbon is removed; this is likely to cause an 
increase in end breaks during any rapid unwinding 
operation. In addition, the shoulders of the package will 
show overfups where the ribbon reaches the edge of the 
package and this too can cause unwinding problems. It is 
usual to arrange the traverse speed to avoid this as far as 
possible; also, auxiliary mechanisms are sometimes 
introduced to break up the patterning. A precision winder 
works with pitches which are fairly close to patterning 
because this gives a dense package, but the patterning has to 
be avoided or it would persist throughout most of the wind. 
Non-precision winders work with relatively large pitches 
that often give intermittent patterning which is difficult to 
avoid and, as mentioned earlier, the package density is 
reduced and the package stability is improved. 

SIDE WITHDRAWAL 
SPOOL MUST ROTATE 

( b l  
O V E R - E N D  WITHDRAWAL 

SPOOL NEE0 NOT ROTATE F&. 3.9. 

EMERGING YARN 
ROTATES CAUSING 
A YARN BALLOON 
TO FORM 

v 
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Yarn Withdrawal 
There are two ways in which a yarn package may be un- 
wound, viz. (1) side withdrawal as shown in Fig. 3.9(a), and 
(2) over-end withdrawal as shown in Fig. 3.9(b). With over- 
end withdrawal, the package is stationary, but a special 
package build is required to permit clean withdrawal; 
furthermore, the yarn twist changes by one turn for each 
loop removed, but this can usually be neglected. 

Broken Yarn Stop Motion 
On winding machinery it is necessary to stop winding if a 
thread breaks or if the yarn supply is exhausted. Usually the 
yarn is made to support a light feeler; if the yarn breaks, the 
feeler moves and causes the package drive to be disconnected. 

Auxiliary Functions 
The functions previously described are common to most 
forms of winding machines, but there are other functions 
which pertain only to certain types. 

These auxiliary functions may be performed manually 
or automaticaHy. The latter class contains machines which 
are called automatic winders*. The auxiliary functions 
include : 

(a) Creeling. 
(b) Piecing. 
(c) Doffing. 
Creeling is the placement of full packages in position ready 

to be unwound as part of the transfer operation. An alterna- 
tive meaning is the removal of the exhausted packages and 
their replacement with full ones. 

At present, automatic winders of large packages seldom doff the packages 
automatically but it is likely that this will become the practice in the future. 
The technique of autoiliatic dolfing is now k i n g  applied to ring spinning, 
but it may be some time bcfore it is economic to doff the larger packages 
found on winding machincs. Ncvcrthclcss, it is logical to consider autoiliatic 
doffcrs as part of automatic winding. 
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CERAMIC INSERT TRUMPET BUSH 

TYPE A A YARN END IS REOUIRED FOR THREADING 

PIC TAIL SLOTTED GUIDES POST 

- TYPE B A YARN END IS NOT REOUIRED FOR THREADING 

Fig. 3.10. Types of guide 

Piecing is the finding and connecting of the ends on the 
packages. The connection between the ends can be made by 
knotting, adhesion or welding but the former is by far the 
most common. Such connections are required whenever an 
end breaks or when a creeling operation has been completed. 

Dofing is the removal of the newly wound packages and 
(usually) the replacement of these by empty packages which 
will receive yarn during the transfer process. It will be noted 
that creel packages are emptied as the packages to be doffed 
are filled. 
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Yarn Guides 
In winding or unwinding, it is necessary to control the yarn 
path. If side withdrawal is being used, it is possible for the 
yarn to pass along a smooth unvarying yarn path, but if there. 
is some vibratory force present the yarn may vibrate between 
the guides. These vibrations can be controlled by the strategic 
placing of guides along the yarn path. If over-end unwinding 
is used, the yarn does not move along a fixed path because a 
rotary motion is imparted as the yarn unwinds. Any given 
section of yarn moves not only along the length of the yarn, 
but also in a circular fashion; this is called ballooning. For a 
given yarn speed and package size, the position of the yarn 
guide will determine the balloon shape; this, in turn, deter- 
mines the yarn tension. The guide position is thus important, 

Guides are normally made of hard smooth steel or ceramic. 
Many man-made yarns are surprisingly abrasive and fre- 
quently it is essential to use ceramic guides. Guides of 
various shapes may be used. the choice depending on the yarn 
motion to be controlled (see Fig. 3.10). 

Tension Devices 
Yarn tension plays an important role in winding. Too high 
a tension can damage the yarn, whereas too low a tension can 
lead to unstable packages which will not unwind cleanly. 
A common fault associated with certain loosely wound 
packages is their tendency to “slough o r ’  inore than one 
turn to give a tangle. Variations in yarn tension in different 
parts of a wound package can cause undesirable effects. 
For instance, with many man-made fibers, high tension can 
cause molecular change which affects the dyeability. so that 
variations in tension ultimately show as apparently random 
variations in color shading. 
In winding staple yarns, sufFicient yarn tension is used to 

cause breaks in thin places whilst the yarn is being wound. 
This permits the thin places to be cut out, the yarn to be 
repaired and the winding to continue. Variations in running 
tension after the level ht which thc thin places are removed 
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CAPSTAN TENSIONER 

IF 
(b) 

F - APPLIED FORCE 
T,=T, t 2pF 

ADDITIVE TENSIONER 

Fig. 3.11. 

and so affect the yarn regularity in the final product. 
There are many fortiis of yarn tensioner, the simplest of 

which works by merely deflecting the yarn around fixed 
posts. This induces a capstan effect which follows the classical 
law 
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Output tension = input tension x ere 
where p = coefficient of friction between yarn and post 

8 = angle of lap measured in radians 
e = 2.718 

This is illustrated in Fig. 3.1 l(a). 
It will be noted that a definite input tension is required 

before a tension increase can be obtained; in other words, it 
is a multiplicative device. 

Another simple technique is to use a deadweight or spring 
to give a fixed increment of tension; this is called an additive 
system (see Fig. 3,11(b)). 

The two systems can be combined as shown in Fig. 3.1 l(c). 
These devices permit the tension level to be raised to any 

desired extent, but they do not permit a reduction in tension. 
The only way to decrease the tension is to use a positive 
drive which tends to overfeed. Such devices are seldom used. 

More sophisticated systems of tensioning are also used, 
some of which incorporate automatic control. Of these, the 

LOAD 

.\ 

TENSION IN YARN OPERATES LEVER 

DISC AN0 ALTERS THE TENSICU 
WHICH ALTERS srniffi LOADING ow SPRING LOADEO’ 

DISC TENSIONER 

Fig. 3.12. Schematic diagram of one sort of lever-type tensioner 
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simplest and most common is the lever operated compensator 
tensioner, an example of which is shown in Fig. 3.12. The 
yarn tension operates on the pin at the free end of the lever 
and alters the amount of load applied in the disc region, 
which in turn changes the tension. The device is arranged so 
that when the measured yarn tension is too high, the pressure 
in the disc region is reduced to bring the tension back to its 
proper level. In control terminology, this is called “negative 
feed back”. 

There are several requirements which influence the choice 
of a tensioning device, including: 

1. The device must be reliable. 
2. It  must be easily threaded. 
3. It must neither introduce nor magnify tension vari- 

ations. 
4. It must not introduce differences in twist. 
5. I t  must not be affected by wear. 
6. It must be easily adjustable. 
7. I t  must not be affected by the presence of oil or dirt. 
8. It  must not encourage the collection of dirt and lint. 
9. It must be capable of easy cleaning. 

10. The operating surfaces must be smooth. 
11. It  must be inexpensive. 

Stability of the Package 

The stability of a package is best defined in terms of its 
ability to withstand deformation. A packase which disinte- 
grates causes disorder in the yarn which makes it useless and 
results in excessive wastage. Most forms of package de- 
formation create wastage in this way, and cause difficulty in 
subsequent operations. A package must be capable of 
retaining its shape and build even after considerable handling, 
permitting orderly and rapid removal of the yarn in the 
subsequent process. 

As an extreme and hypothetical example of an unstable 
package, consider the winding of a perfectly smooth yarn on 
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a flangeless bobbin in a truly parallel fashion as shown in 
Fig. 3.13. Since all coils making up the package are perfectly 
parallel, there can be no lateral forces to hold them together 
other than those arising from contact with the bobbin. If the 
package is loosely wound, the outer coils will be able to move 

CROSS-SECTmu 
OF DISTORTED 

PACKAGE SHOULER 

Fig. 3.13. Iwtabiiity ofpuckage h e  to Iooseness of wind 

relatively freely in a direction parallel to the bobbin axis, and 
the situation depicted in Fig. 3.13 could easily arise. The 
portions shown shaded at A are completely unsupported 
and would collapse into a hopeless tangle. In any case, the 
shoulders are very vulnerable to damage, with similar results. 
A solution to this is to use flanges to provide lateral support as 
shown in Fig. 3.14. The flanges, however, impede unwinding 
when the yarn is withdrawn parallel to the bobbin axis (i.e. 
over-end unwinding) and the use of bobbins with large 
flanges is commonly restricted to cases where the yarn is 
removed tangentially from the cylindrical yarn surface (i.e. 
side unwinding). 

Most yarns are not completely smooth, so hairs and loops 
can intertangle to some extent and provide a degree of 
stability; the shoulders are still very vulnerable, however, 
and to use such a package without flanges it is necessary to 
taper the ends as shown in Fig. 3.14. Since the main purpose 
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f 
Fig. 3.11. Unwidng parallel-wound packages 

of dispensing with flanges is to permit over-end unwinding, 
the consequences of this must be considered. 

Consider the point where an element of yarn is just leaving 
the surface of the package. The ballooning will cause a yarn 
tension to exist at that point and this tension may be resolved 
into three mutualIy perpendicular components. One of these 
components may be parallel to the bobbin axis, another 
tangential to the cylindrical surface and the third one will be 
radial as shown in Fig. 3.15. The parallel one ( P )  must be 
opposed by frictional and cohesive forces between the subject 
yarn element and the neighboring material or the cylindrical 
surface. The tangential one ( T )  will be balanced by a com- 
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Fig. 3.15. Yarn kJIooninl 

ponent of the tension in the yarn just about to be removed 
and the radial one ( R )  will be balanced by the tension t plus 
the frictional and cohesive forces which act in that direction. 
The angle of yarn departure will automatically adjust itself 
until these conditions are mct. The radial cohesive forces 
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will tend to lift the coil of yarn below the departing element 
and loosen it; the parallel cohesive force will try to move 
that underlying coil laterally from its proper position. If the 
tension in the underlying coil is sufficiently high, it will not 
lift and it will not be displaced laterally by the departing yarn. 
On the other hand, if the tension is low, a whole coil can be 
displaced and in bad cases it will slough off as shown in 
Fig. 3.6(a). This is especially true if the package is tapered 
in such a way that the displacement of the coil further 
loosens it. 

So far, it has been assumed that the coils are parallel to 
one another. If the coils are helical and the helices cross one 
another as shown in Fig. 3.6(c), we have a cross-wound 
bobbin which is much more stable. 

Firstly, the parallel force P is now opposed by a com- 
ponent of the yarn tension as i t  exists o n  the package. 
Secondly, the cohesive forces acting are no longer concen- 
trated locally and extend over a niiich larger surface of the 
package so that many more coils are involved in contributing 
to the stability. This reduces the chance of local variations 
giving trouble. Thirdly, the cross-overs give an interlocking 
effect which can result in great stability. 

Speciul Requirements 
It would seem to be desirable always to use a cross-wound 
package in which the traverse extends over the full  length of 
the package, since this appears to give the maximum stability. 
Unfortunately, there are circumstances in which such a 
package cannot be used and a degree o€ compromise is 
required. An example is the quill used in a shuttle. One 
requirement is that the quill should carry the maximum mass 
of yarn in the space available in the shuttle. To get the 
maximum density it is necessary to use a parallel wind, but 
this could cause stability prob1em.s and a progressive conical 
traverse is used therefore, as shown in Fig. 3.16. This pro- 
vides a sufficient degree of stability. It might still be argued 
that a cross-wound package with a full traverse could be 
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Fig. 3.26 

used, but this is to ignore the special unwinding conditions 
which exist within the confines of a shuttle. Since a ful l  
balloon cannot develop, the coils of yarn rub the surface of 
the quill between the yarn removal point and the quill tip. With 
a traverse from end to end, yarn coils would be dragged over 
others causing them to move and perhaps even to be damaged. 
With the wind shown, the yarn has little chance to touch the 
other yarn and in the main it slides along the polished wood 
of the quill. 

A further reason for using this type of build is to limit the 
tension variations induced in the original winding of the 
package. Grishin's formula for the tension generated in a 
ballooning yarn states that the yarn tension is a function of 
the balloon height as well as other factors which need not be 
considered here. Thus if a large traverse is used, the balloon 
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height (H in Fig. 3.15) during spinning will vary 
considerably and the tension acting on the yarn will be 
affected. This will be detrimental to the smooth progress of 
subsequent operations. 

All these factors suggest that it is desirabIe to reduce the 
traverse length on the quill to a minimum, However, a limit 
is imposed by the incidence of sloughing-off, and there has 
to be a compromise between mass storage and tension 
variation on the one hand and package stability during 
unwinding on the other. 
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WINDING 

Key Words : automatic winder, balloon, bobbiii, b imh,  cliasc 
length, cheese, clearing, cone, cone angle, creel package, 
creeling, dof, doflng, down tiiiie, feeler, knottiiig, niagaziiie 
creeling, magarining, negatiiye let-of, package, package build, 
picks, piece, quill, quillers (pirii wiiiders), ritig tube, slougliiiig- 
o& spool, spindle, spiiidle eficiency, winditig liead. 

The Need for Winding 
At first sight, winding machinery appears to fulfill no purpose 
other than a simple transfer of yarn from one package to 
another. This is, however, an oversimplification of the 
winding process. 

Clearing 
At one time it was a common practice to spin yarn directly 
onto the quill or pirn to be used in weaving. However, yarn 
from the spinning machine has iinperfections in the form 
of' faults and blemishes which can cause trouble in later 
processes. 

Thin spots in the yarn are usually weak spots which may 
break during weaving. causing the loom to be idle until a 
repair is made. The breakage of such a weak spot in a single 
warp end wi l l  bring the entire loom to a stop. evcn though 
there may be a thousand or more perfectly p o d  warp ends 
in the loom. Thus if there is a potential break in every 
100 m ( 1  10 yd) and there are (say) 4000 warp ends, there 
will be (on average) a loom stop for every 100 + 4000 = 
0.025 m of fabric. Thus the incidence of thin spots and other 
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blemishes is a very important matter and it is essential to 
remove them and replace them with standard knots. The 
operation of removing these undesirable elements of yarn, 
called clearing, is usually carried out during the winding 
process. The cost of the windindclearing operation is 
usually less than that of allowing the flaws to remain. Left in 
the yarn, such flaws would increase the cost of weaving and 
reduce the value of the fabric. 

Package Size 

Other factors to be considered are the practicability and 
economics of transferring yarn from the spinner’s package 
to the form in which it is ultimately required. Consider the 
problems in mass production where beam after beam has to 
be produced, each identical with the others. With staple 
yarn produced on a ring frame, each package (ring tube) 
might contain some 4000 m (4400 yd). The actual length, 
however, would vary from spindle to spindle and if the ring 
tubes were used as the creel packages* in winding the 
beams, creel package replacement would eventually become 
random. If winding then proceeded at 800 m/min and there 
were 900 creel packages, the machine would only run for 
4000 + (800 x 900) = 11180 minute (i.e., 0.33 second) 
before a new creel package would be required. Assuming it 
takes (say) 5 seconds to  remove the empty package, 
replace it by a full one and piece?, then the machine 
would run less than 6.25 percent of the time. If, however, 
the package were 50 times larger, the machine would run 
77 per cent of the time; hence package size is of great 
importance and it is usual to wind yarn from the ring tube 
to a large creel package in order to improve the efficiency 
of warping. Also, random replacement of creel packages is 
avoided since this too diminishes the efficiency. 

A creel package is a supply package. 
t “Piecing” is joining the ends of two yarns. 
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Textiles are subject to the vagaries of fashion and long runs 
are not always possible; in consequence, only one warp of a 
given kind may be required. This means that each creel pack- 
age will need to have about the same length of yarn as that 
required in the warp. Variations in this length on the creel 
package will lead to waste in one form or another. Too short 
a length in a single package can stop the whole operation 
whilst a new one is pieced in (also introducing an unwanted 
knot). Too great a length will leave excess yarn which must 
be discarded or rewound and pieced onto another end for 
subsequent use (yielding a different sort of waste as well as a 
knot). When it is realized that this might be multiplied a 
thousandfold in a single warp, the virtues of winding the 
creel packages to a specification can be appreciated. Add to 
this the fact that winding provides an opportunity of clear- 
ing and rewinding the package to a build most suitable for 
high-speed warping, and it is apparent why expensive wind- 
ing machinery is found to be an economic necessity. 

With some of the newer methods of spinning (for example, 
open-end spinning) the spinners’ package is much larger and 
may prove suitable for direct use, but there still remains the 
problem of clearing. It is possible that this might be carried 
out on the spinning frame, eliminating one of the stages .in 
conventional preparation. However, such things take time 
to develop and it will probably be necessary to retain the 
rewinding stage for certain purposes even if a new system 
does evolve. 

Synthetic yarns are usually supplied on packages con- 
taining large quantities of yarn. The many users of such yarns 
employ a wide variety of fabric-making machinery which 
demands many different package sizes, shapes, and builds. 
There is thus a problem of matching the requirements of 
supplier and user. If the supplier has to provide many types 
of package for each of a wide variety of yarns, he has an 
expensive inventory problem. A partial solution is for the 
yarn supplier to use standard packages and for thc user to 
rewind the yarn according to his particular needs. The cost 
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can be mininiizcd in this way. Similar considerations apply 
to large staple spinners’ packages. 

Package Build 
Sometimes the yarn has to be dyed or otherwise treated 
between spinning and weaving. I n  such cases it is usually 
necessary to wind the yarn on a special package to permit 
this treatment. In the case of dyeins, the package must allow 
even penetration of dye so that all parts of the yarn are 
siniilarly treated. The tube or cone on which the yarn is 
wound is usually perforated, the yarn is wound rather less 
tightly than normal and the build is such as to create many 
interstices through which the dye niay pass. The cost of 
rewinding has to be weighed against the extra cost of using 
a less dense package which might be of an unsuitable shape 
and build for subsequent use in the following process. 

When there is a disparity in size and shape of package 
between the output of one process and the input of the next, 
there is an obvious need to rewind. For example, the ring 
frame produces small almost parallel-wound packagcs, 
whereas the warping operation requires large cross-wound 
cones if it is to work efficiently at high speeds. As another 
example, texturized yarn may come on large capacity cheeses 
whereas the shuttle can only accept small long packages 
which have a special type of wind. 

Even when the sizes match reasonably well. there can still 
be good reasons for rewinding. For instance, it would not 
be possible to use a cross-wound package of type 3 (Fig. 3.6) 
in a shuttle; such a packagc would not unwind properly. In B 
shuttleless loom, it is possible to use large packages but i t  is 
very doubtful if smaller packages could be used. These 
examples illustratc the importance of obtaining the correct 
build as well as the correct size of package. 

During the winding process, tensions are created which 
can damage the yarn i n  subtle ways. A continuous filament 
when stretched can change i n  scvcral of its characteristics. so 
if the yarn tension is high ;itid varies in home pcriodic maiitier 
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along the length of the yarn, the woven fabric will exhibit 
an undesirable patterning. With some structures of staple 
yams, overstraining weakens them; an example of this 
category is the open-end spun yarn referred to earlier. On 
the other hand, a sufficient tension is required to give the 
package stability and density. 

Winding Requirements 
The requirements for winding may be summarized as follows: 

(i) The fault level in the yarn must be reduced to an 
acceptable level. 

(ii) The yarn must not be damaged in any way in the 
winding process. 

(iii) The yarn must be wound in such a way as to permit 
unwinding in the following processes with a minimum 
of difficulty at the required speeds. 

(iv) The package size, shape, and build must be the most 
technologically suitable for the particular end use. 

(v) The package'size should be controlled to meet the 
particular economic requirements. 

(vi) The winding operation must be geared to give the 
best possible economic performance of the whole 
process of fabric manufacture. 

The Winding Operation 
The normal winding operation consists of unwinding one 
package and rewinding onto another. The user may not have 
a free choice in the sort of package he unwinds but he does 
have a choice when it comes to the package he builds. 
Consequently, it is necessary to consider in some detail the 
structures which can be built to withstand reasonable hand- 
ling and use. 

In this section, winding is considered under three main 
headings, i.e. unwinding, package stability, and winding. The 
first deals with the creel package and the unwinding thereof, 
the second with the limitations which apply in the matter of 
the structure of the package, and the third with the winding 
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of the package which is about to be doffed. The latter in- 
cludes the tension control whicli is vital to the proper per- 
formance of the package produced. 

Bearing i n  mind that the package tlojftd from one machine 
becomes the creel package for the next, it will be realized 
that the principles discussed are bound to go beyond the 
narrow topic of winding. 

Uiiiriii(1iiig 
( i )  Sidc Withdrawal 
If paper is pulled from a roll. the roll has to rotate; similarly, 
when yarn is withdrawn tangentially from a package, the 
package must rotate (Fig. 3.14). If the package is driven, its 
rotational speed must be capable of variation if the yarn is to 
be delivered at an even rate. Such a system is usually too 
expensive for practical use and. where side withdrawal is 
used, the package is usually dragged round by the departing 
yarn. This is called negatii-r Icv-qf. 

At high speeds, the inertia of the packag has to be con- 
sidered because any change in operating speed will cause the 
yarn (or yarns) to go slack or to suffer appreciable changes 
in tension depending on the magnitude and direction of the 
speed change. At very high speeds the package tries to grow 
larger due to the centrifugal forces; for this reason, the layers 
of yarn may become loose and slip over one another, thus 
impairing the stability of the package. Side unwinding, 
therefore, is usually restricted to low yarn withdrawal rates 
and to negative let-off systems. Typical uses of side un~ ind ing  
are to be found in the various operations on a warp; in 
view of the multiplicity of ends in a warp it is virtually 
impossible to use anything but side withdrawal. 

Since tension is so important in winding and subsequent 
operations, it is relevant to consider the various means of 
control available 'for use with side withdrawal. Yarn tension- 
ers can be used to increase the tension to the required level, 
but with negative let-ol€ systems this leaves the rdatively 
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massive spool uncontrolled. I t  is quite nornu1 to iise a brakc 
acting on the spool to achieve at least part of the required 
tension in the yarn, because this also gives SOMC control of 
the package rotation and tends to prevent over-runs when 
the demand for yarn is reduced. If an unvarying braking 
force is applied to an unvarying diameter of a portion o[ thc 
spool, then as the diameter of the yarn woiind on the spool 
varies, so will the tension in the yarn beins withdrawn. If the 
torque applied by the brake is constant at T g. cm, the 
radius at which yarn is withdrawn is r cm and the 
corresponding yam tension is t gram, then if all other forces 
are ignored 

(4.1) T=txr g.cm 

Since the radius diminishes as unwinding proceeds. the 
tension increases and there is an inverse relationship between 
tension and radius. If the spool speeds up during irnwinding, 
then it is possible for the torque to increase because of changes 
in the braking force and this will alter the relationship 
somewhat. 

I f  the tension is to be kept constant. it is necessary to use 
some control device. Leaving aside the possibilities of con- 
trolling by additional tensioners. let us assume that the 
spool brake is the sole means of generating the tension. 
Basically, the control systems may be divided into two classes, 
viz. (a) those which measure the radius of the yarn package 
on the spool and adjust the torque accordingly and (b) those 
which measure the yarn tension and adjust the torque un t i l  
the tension reaches the desired value. Method (a)  works on 
dead reckoning but is relatively simple whilst method (b)  is a 
control system of greater complexity which tends to be too 
expensive for wide use. Also, where many ends are involvcd- 
as with a warp-it is not easy to measure a tension which is 
always truly typical of all the ends and it is impracticable to 
measure the tension of all the ends. of which there may be 
several thousands. Consequently. the dead reckoning 
system based on measurement of the package radius is fre- 
quently used. It  must be appreciated, however, that a periodic 
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calibration of the control can be of value; because of chaiigcs 
in the coefficient of friction at the brake, there is not a unique 
relationship between the force applied to the brake and the 
torque produced. Consequently, the figures used in the dead 
reckoning may not in fact be constant and the tension would 
then be in error. For example. a spot of oil on the brake drum 
could affect the yarn tension; therefore, care is needed to 
ensure the proper functioning of the device. 

(ii) Ooer-end Withdrawal 
The second method of yarn withdrawal is to take the yarn 
away along a line which roughly coincides with the axis of 
the package as shown in Fig. 3.9. Using the technique it is 
not necessary to rotate the package; this avoids some of the 
dificulties associated with side withdrawal and permits very 
high rates of yarn removal. Consequently, it is used in circum- 
stances where high unwinding speeds are required. such as in 
high-speed beaming and the removal of yarn from weft 
packages. 

With over-end withdrawal from a stationary package, 
there is a change of one turn of twist in the yarn for each coil 
removed from the package. A simple experiment i n  which 
two yarns of different colors are wound side by side on a 
package and then withdrawn over-end will demonstrate the 
phenomenon; the yarns withdrawn will show a ply twist. 
Suppose the length of yarn in one coil is L cm, and it 
originally contained S turns/cm, then before unwinding, the 
length will contain SL turns. After unwinding it will contain 
SL f 1 turns (the sign has to be included to account for 
the directions of wind and twist being in opposition or not). 
The twist rate after unwinding is S k (l/L) turndcm, and 
since L is at least 5 cm and S is frequently greater than 10 
turns/cm, the change in twist is rarely greater than about 2 
per cent. 

winding sets up centrifugal forces which cause thc J a r n  to 
move in circular fashion rntlicr likc ;I skippins ropc. The 
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rotating yarn assumes a form known as a hillloori, the name 
arising because persistence of  vision causes the yarn to appear 
as a three-dimensional object resembling a balloon. 

Winding Machines 

Tvpes 
Winding machines i n  common use may be classified as shown 
in Fig. 4.1. All the classifications can be further subdivided 
into m i e  and clic~ese (spool) winders; generally, these are not 
mixed on any one machine but it is possible for sections of 
some machines to produce cones while others produce 
cheeses. 

An autotiintic winder is conimonly defined as a machine in 
which creelitig (including tying) and kriottitig of broken ends 
(which arise due to clearing flaws or to natural breakages) are 
automatic but do f iq  is not necessarily so. From this it is 
evident that knotting is crucial to the operation of an auto- 
matic winder and the knotting device provides a means of 
identifying the class of inachinc as illustrated in Fig. 4.1. 

Maiiiral Machities 
Usually, a major characteristic of a manual or non-automatic 
winding machine is its high winding speed, and the reason 
for this lies in the economics of winding. With an automatic 
winder of other than one knotter per spindle, there is little 
point in winding the package in less time than it takes for 
the knotter to get to the package (or vice versa). Thus, with 
automatic winders there are several alternatives. viz. ( I )  the 
winding speed must be limited, (2)  the supply package sire 
has to be increased, or ( 3 )  the number of  knotters must be 
increased. The third alternative is expensive, the second 
alternative is controlled by the spinning process and,. there- 
fore, the first alternative is the most common solution to the 
problem. Non-automatic winders are not so limited, and 
they can be operated at any desired speed within their 
operating limits. In the case of a one-knotter-per-spindle 
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machine, this is not so, but such a machine liasa high capital 
cost which affects the winding cost. I n  fact, the one-knotter- 
per-spindle machine might almost be regarded as an auto- 
mated version of the manual one. 

Where traveling packages or knotters are used, then the 
yarn count, length and characteristics should be the same 
for each section patrolled by the given knotter; otherwise, 
there would be undue interference because of differential 
knotting operations arising from varying fault rates, package 
run-outs, etc. Manual winding machines are not limited in 
this way and it is possible, but not always desirable, to wind 
a different sort of yarn on each spindle. Hence, great flexi- 
bility is one of the chief characteristics of the manual machine, 

Inevitably, labor costs are relatively high in the case of 
manual machines. The elements of capital, labor and power 
costs have to be balanced to yield the most efficient operating 
conditions. The choice of machine is determined by these 
factors and generally, the higher the labor wages, the more 
complex and expensive are the machines likely to be. 

For a given siie of package. the time to unwind is propor- 
tional to the yarn number (count); hence, a package of very 
fine yarn needs infrequent service from the knotter whereas 
a package of coarse yarn needs frequent service. In the case of 
very coarse yarn, thc machine will be stopped for knotting 
operations (i.e. the h w n  lime) for a large proportion of the 
available time. If the machine is very expensive, this means 
that the winding cost per pound will be increased and, in 
consequence, the manual machine can enjoy an advantage 
for coarse counts. 

A u t 011 iu tic Wii r h r s  I 1. it ti Not I - Traw litig Spiiidtes 
Let us consider first a specific example of a machine which 
has a large number of spindles per knotter. Assume that the 
winder works at loo0 m/min and the knotter takes 0.2 min 
to creel a new supply package and to find and piece the 
ends. Ignoring all end breaks during winding, let four 
different yarn numbers (yarn count) be considered and let 
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the supply package be constant at 85 gram in weight (3 02). 
Also for simplicity, let the doffing time be neglected. 

Table 4.1 shows clearly that thc maximum machine 
efficiency and the maximum number of spindles increase as 
thc yarn gets finer. Conversely, a coarse yarn restricts the 
number of spindles per knotter to a very low figure and this 
shows why many coarse yarns are wound on manual machines 
or those having a knotter for every winding spindle. However, 
the most important factthat emerges from the calculation is 
that the maximum number of spindles per knotter, theore- 
tically, should be varied according to the yarn number, but 
in practice, an existing machine cannot be varied. Thus, 
automatic winding machines of this type are all limited to a 
narrow range of yarn numbers. 

I t  will be appreciated that many of the assumptions mado 
in the previous calculation were rather sweeping and it is 
necessary to qualify them in practice. 

Winding speeds vary from machine to machine and the 
range normally encountered varies from 600 dmin (660 
yd/min) to 1200 d m i n .  While the knotter might take 0.2 
min to creel a new package, it also has the duty to patrol 
and find any broken ends and repair them; contquently the 
machine efficiency will be reduced from that quoted in Table 
4.1. It also follows that the quality of the yarn supplied and 
the degree of clearing demanded will afkct the ettlciency. 

When the newly wound p o c k a p  i i K  btirtt Lip 10 thc 
desired size, winding stops automaticall> and tlicrc will be a 
loss in efficiency if  there is any delay in dotlins. Thc dolling 
time itself will decrease the efficiency bccausc it requires ;I 
finite time to complete the operation; fi!rthermore. it is 
unlikely that the waiting time will be negligible. Obviously, 
the larger the package being produced. the lower will bc the 
loss in machine eficieiicy due to this cause; howevcr, the 
size is limited by the requirements of thc next process. 

If there is a person or mechanical dcvice attending to a 
particular spindle, then the waiting time could be zero. 
However. that person or device would worh perhaps 10 scc 
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in a doffing cycle which might be as much as ;in hour and the 
efficiency of the doffer would only be ;I fraction of a per cent. 
Such a situation would be into!erablc and it ib  necessary to 
balance the work load of ihe doll'er agaiiist that of thc winding 
machine to give the best advantage. 

In practice, a winding operator may look after soiiie fifty 
spindles and would have duties other than dottin?. These 
would include magazine creeling* and watching for mal- 
functions of the machine. The machine efficiency seldom 
exceeds 75 per cent. 

Let efficieiicy be defined as 

f I1 

T N  
Spindle efficiency = - x - x 100 per cent 

where I = productive windins tinic of one spindle per 

T = total tinic spent by that knotter in  patrolling its 

11 = niiniber of productive patrols needed to wind 

N = total number of patrols needed to wind the same 

patrol of a single knotter (min). 

section (min). 

the given mass of yarn. 

mass of yarn. 

Consider a practical example based on a 30 tex (20s 
cotton count) yarn being wound from a 85 gram (3 oz) ring 
tube at lo00 m/min (1 100 yd/min) on to a package of 1.1 
kg (24 Ib). Let the creeling time remain at 0.2 min, and 
assume that the breakage rate is 4 per kg, the knotting time 
is negligible, an average of one patrol is lost for each doffing 
occasion and one half a patrol is lost for every yarn break. 
The value of t/T will remain the same as quoted in Table 
4.1. However, in winding one package, there will be one doff 

*See p .  80 
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and 1 . 1  x 4 end breaks; thus the total patrols lost will be 
1 + 1 ( 1 - 1 x 4) = 3-2. In winding 1 . 1  kg, there will be 
(1  * 1 x 1000) + 85 = 12.94 productive patrols, hence 

N = 12.94 + 3.2 = 16-14 patrols 

and 

whence the average spindle efficiency 
n t  

= x x ~  x 100 per cent 

= 0.802 x 0.94 x 100 per cent 
= 75 per cent 

The actual eficiency of any oiie spiridlc will depend upon 
the incidence of end breaks, For example, if an end break 
occurs as the knotter is just approachins. no patrol will be 
lost. On the other hand, if the knotter is just leaving. then 
a complete patrol will be lost. The efficiencies corresponding 
to the two extreme cases will be 87 per cent and 66 per cent 
(the average of these two is not 75 per cent). This example 
illustrates why the overall machine efficiency is not the same 
as the average spindle efficiency, but the difference is 
sufficiently small to be ignored in practice. 

In machines where there is only one kiiotter per machine, 
the knotter may proceed continuously iii a loop. Where there 
is more than one knotter, then it is usual for the knotter to 
patrol in a reciprocating manner. Where there is one knotter 
per spindle, no patrols are required but the efficiency is still 
kss than t /T because of doffing. 

Autoniatic Wiriders \t'ith Traivling Spiiidles 
The principle of this type of machine is as follows: the 
machine winds from bobbin to cone or cheese, according to 
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machine supplied. It consists of a number of winding heads 
that can be attached to and move on an endless chain at a 
predetermined speed around the machine during the course 
of which the following operations take place (see Fig. 4.2): 

(1) The winding head comes up to the magazine and 

(2) The empty bobbin is ejected. 
(3) The full bobbin is fed in. 
(4) The threads from the bobbin and the cone are thcn 

knotted together and the loose ends cut off. 
( 5 )  The winding head continues to move forward and 

commences winding again. 
(6) During the traverse on the endless chain, the winding 

head continues to wind and, when it comes to the 
magazine, the used bobbin is replaced by a ful l  one 
regardless of whether the original one was completely 
empty or not. 

(7) Winding is stopped as the winding heads pass round 
the ends of the machine because of the difficulties in 
driving them. 

Should a thread break during the journey, the winding 
ceases until it approaches the magazine. when a ncw bobbin 
is fed to the ii*inditi,q headand winding is resumed as  previously 
described. If the break occiirs at the start of the journey, 
the rejected creel bobbin will be almost full. 

The length of the frame is detcrmincd by the amount of 
yarn to be transferred from the bobbin to the cone. The work 
is brought to the operator, who is seated at a fixed position. 

Since patrol times are fixed, winding speeds have to be 
varied considerably to delrl with the vhriety of counts, 
condition and classes of yarn to be wound. The winding 
speed varies from 450 d m i n  (490 ydmin) for worsted yarn 
winding to cone, to 1200 dmh for cotton yarns. 

The production of the machine depends upon the rate of 
spindle movement along the winder. A normal recammen- 
dation is that 20 headslmin should pass a single operator. 

77 

winding stops. 



The production depends on the winding speed, the weight 
of the supply bobbin and the yarn breakage rate. 

The automatic head does the following: 

(1) Rejects all ring tubes whether empty or not. 
(2) Finds the yarn end on the cone by suction. 
(3) Takes the yarn end from ring tube. After dropping 

into winding position, the two ends are tied together 
while winding is still discontinued. 

(4) Measures the cone size, indicates full cones and per- 
mits the continued winding of partially filled cones. 

Example 

If' the machine winds 37 tex (16s cotton count) yarn from 
0- 1 kg (0.22 lb) ring tubes at 600 m/min (660 yd/min) on to 
2 kg (4.4 lb) cones, how many spindles will the machine 
have, if maximum efficiency is obtained at the maximum 
knotting rate of 20 per minute? Each spindle is stopped 0.7 
min/cycle for serving and passing the frame ends. Also 
calculate the spindle efficiency for 2.5 end breaks per 
kilogram. Assume one patrol lost each doffing and each 
piecing occasion. 

Solution 

1000 Let L = yam length = Ikm x 0.1kg x 3 
37g kg 

= 2.7km 

i.e., L = 2700 rheter 
R = rate of spindle movement = 20 units/min. 
W =  winding speed = 600 m/min. 
K = constant for units stopped (1 8 for a typical 

machine). 

78 



Then 
U = number of winding units 

(2700 x 20 
= --) + 1 8  

= 108spindles 

L 
W 

Running time per ring tube in creel = - = 4.5 min. 

Patrol time = 4.5 + 0.7 = 5.2 min. 
For example, consider 5 kg of yarn: 

Creeling patrols 5 + 0.1 = 50.0 
Piecing patrols 5 x 2.5 = 12-5 
Doffing patrols 5 i 2.0 = 2.5 

Total = 65.0 patrols 

Spindle efficiency = 4S loo = 66.6% 
5.2 x 65 

Qtiillers (Pirn Winders) 

In most of the winding operations previously discussed, the 
creel packages consist of uncleared small or medium sized 
packages and the material doffed is wound on large packages 
from which most faults have been removed. In quill(or pirn) 
winding the conditions are rather different. The creel package 
is nearly always a cone of considerable size which contains 
cleared yarn; consequently, no clearing system is needed in 
practice. On the other hand, the package to be doffed has to 
be small so as to fit in a shuttle. Hence there is a greater need 
for aiitom’ation i n  the doffing operation than the creeling 
operation; conseqiiently. most qiiill winding machines do not 
have automatic creeling systems but do have automatic 

79 



doffing. There is no clearing system and creeling is fairly iti- 
frequent, therefore these machines are not fitted with auto- 
matic knotters; in fact, even manual knotting is rare because 
it is easier to start a new quill. Quillers might be regarded as 
a collection of single spindle machines on a common frame. 
The work load of the operator consists of manual creeling 
and magazininf . 

A further difference between qui l l  winders and other 
winders is to‘be found in the package build. The yarn on the 
quill has to be wound on a long thin package so that it will 
fit in the shuttle, and the build has to be such as to permit 
intermittent high-speed over-end unwinding within the 
confines of the shuttre. This imposes special limitations; for 
example, it would not be possible to use a fully cross-wound 
package nor would it be possible to use a completely parallel 
package. In the one case, the tension variations would be 
impossibly high and in the other case the package would 
disintegrate. Hence it is necessary to use a compromise in 
which there are overlapping short conically cross-wound 
sections as shown in Fig. 3.16. The length of this section is 
called the “chase Iength” and the cone angk is usually main- 
tained at about 30” because this gives reasonable stability 
and allows clean unwinding without undue danger of turns 
sloughing off: However, these factors are affected by yarn 
tension and it “is necessary to control the tension during 
winding within quite close limits, hence it i s  necessary for 
these machines to be equipped with suitable tension control 
devices. 

A further very important factor is the unwinding tension 
created when the quill (pirn) is in use in the loom. If the quill 
itself is merely cylindrical then there will be a large variation 
in tension depending on whether yarn is being removed from 
the tip or the base of the quill and to a lesser extent upon the 
position along the chase as shown in Fig. 4.3. Because the 

Magazining niean5 maintaining an adequate nuinbcr of empty quills 
in the supply magazine and rcmoving ihc full ones froin thc output by the 
boxload. 

80 



- 

TENSION VARIES IN 
A CYCLIC FASHION 
BETWEEN THE GIVEN 
LOCI OF THE MAXIMA 
AN0 THE MINIMA 

VARIATION IN TENSION 
ALONG THE CHASE 

7 . a -  a ,  

LOCUS OF MINIMUM 

Fig. 4.3. Unwinding tensions from a straight quill 

unwiiiding takes place in a confined space, the balloon is 
collapsed and yarn exists as a helix in contact with the bare 
quill. If this portion of the quill is cylindrical. considerable 
tension will be geiicrated by frictional contact, whereas if the 
qui l l  is made conical as shown in Fig. 4.4, then the tension 
will be reduced. In this case the removal of yarn along the 
axis reduces the contact forces between the yarn and quill 
surface; this reduces the frictional drag which in turn reduces 
the tension. If the conical angle is made sufficiently large, 
the yarn can be induced to come free of the surface and a 

YARN 
WITHDRAWAL 

ICAL BASE0 OUlLL 

Fig, 4.4. Yarn ballooning from taper reduces tension 
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form of balloon is created. Siiicc the frictional drag is 
dependent on the amount of yarn wrap along the qtiill and 
this varies as the quill empties, it is advantageous to just 
make the yarn balloon out from the surface, thus reducins 
the variation in tension to a mimimum as shown in Fig. 4.5. 

LOCUS OF MAXIMUM 

CYCLIC TENSION 

LOCUS OF M I N I M U M  
I, 1 
I 

___) 2.l-J Ed 
5 2  

.J 

QUILL LENGTH FROM TIP 
ARBITRARY UNITS 

5 r  
33 L O  

Fig. 4.5. Unwinding tensions from a conically- based quill. 

While a tapered quill gives relatively cveii iinwinding 
tensions, the space occupied by the enlarged base is not used 
to carry yarn. The econoniics of weabing are arl'ected by this 
and it  is necessary to compromise between quality as deter- 
mined by tension and cost as detcrinined by the frequency of 
quill supply. 

In weaving it is desirable to use as nitich of the filling 011 

the quill as possible and yet it is  undesirable completcly to  
exhaust the supply. in order to avoid partial pi('/i.<. For this 
reason it is usual to wind a so-callcd "hiinc+" at the base which 
gives a small reserve of two or three pick lengths. The loom 
has a feeler which detects when the quill is empty. Homcker, 
the feeler is not capable of detecting when the qiiill is ncarly 
empty, and with the normal package caiistruction there 
would be an insuficient rcservc when the fcclcr signals for 
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-YARN LAYERS 
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U SELF LOCKING 

TRAVERSE MECHANISM 
D S C I L L I T E S  A N D  

PROGRESSES 

Fig. 4.6. Quill winder. 

a change. Consequently, the &inch is wound in a parallel 
fashion over a short length away from where the feeler 
operates, so that when the remainder of the  quill is exhausted 
the reserve remains. 
In some cases, it is necessary to wind another bunch at the 

tip to permit a transfer operation in weaving. 
Having set out the main requiremciits of q u i l l  winding, 

it is relevant to consider the machine itself. Fig. 4.6 shows a 
typical yarn path through a machine and it will be observed 
that many of the features are common to all winders. There 
are yarn guides, tension controllers, stop motions, traverse 
motions, and package drives which are similar to others, but 
there are some dificrences due to the particular needs. The 
main differences are: 
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(a) The supply package is large and output packagc is 
small. 

(b) The output is automated and packages are dclivcrcd 
by the boxload. 

(c) There is no clearing or knotting. 
(d) The traverse has the character of a creeping oscillation 

in which the package diameter is controlled contin- 

(e) It is necessary to build one or more bunches which have 
a structure different from that of the remainder of the 
pack age, 

uously. 
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5 
WARPING 

Key Words: ball warping, band warping, contracting-vee 
reed, creel, duplicated creels, drum warping, headstock, 
lease bands, leasing rods, magazine creels, multiple-package 
creels, nose, pattern warping, section warping, single-end 
creels. stop motion. tension devices, travelling package 
creel, truck creel, warper’s beam, weaver’s beam. 

The stages invoIved in warp preparation are: 
(a) Winding from spinner‘s package to cones. 
(b) Winding from cones to warp (i.e. warpins). 
(c) Application of size and lubricant to warp (1.e. slashing). 
(d) Drawing-in or tying-in. 
Stage (a) has already been discussed in Chapter 4; stage (b) 

is considered in the present chapter: stages (c) and (d) are 
dealt with in subsequent chapters. 
Types of Warping 
As mentioned earlier, there are two main types of warping, 

(a) Section, or beam warping. 
(b) Pattern, band or drum warping. 
N.B. The term “section warping” is used in some districts 

There is also a third type which must be considered: 
(c) Ball warping. 

General Discussion 
A weaver‘s beam may have tip to 10,OOO eiids and if this 

were to be produced directly it would be iiccessary to have 
up to 10,000 creel packages. Such ill1 arrangcnient woiild be 
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very difficult to accommodate and mana9;  conscquently. i t  
iS normal practice to produce internledlate or i ~ ~ u r p r ' . s  hoLuii.~ 
which may contain up to about loo0 ends and these are coin- 
bined at  the slashing stage. Because of the difliculties involved 
in combining the ends, patterned warper's beams arc seldom 
produced on the direct system and any pattern that is pro- 
duced is achieved by combining beams of various colors a t  
the later stage of slashing. As mentioned previously, this 
imposes limitations which can only be overcome by changing 
to  pattern warping. In the latter case, sections are made 
sequentially and, because of this, the process is ra?her slow; 
it is the practice, therefore, to produce no more than is 
required to fill a single weaver's beam. The result is that 
section warping is used mainly for short runs or for complex 
color patterns. 

Because many warper's beams are combined in the 
direct system, this is usually regarded as a high speed 
process particularly suitable for single color work. Provid- 
ing the warper's beams are of a single color, it is possible 
to combine them to produce simple patterns distributed over 
the warp width. 

Ball warping is an intermediate process for storing yarn 
for transport. dyeing or reserve; it does not produce a beam. 
The usual form is a cross-wound cheese in which multiple 
ends are wound at the Same time in a ribbon which contains 
perhaps fifty or a hundred ends. 

In all cases the warping machine consists of a Cree/, a 
headstock and control devices. The details of these vary 
according to the type of warper and they will be compared 
on this basis. 
Creels 
There are three main types of creels (which can be further 
sub-divided), i.e. 

(1) single end creels, 
(2) magazine creels, 
(3) traveling package or multiple package creels. 



Fig. 5. I .  Truck Creels 

The so-called single end creel is one in which a single 
package is associated with each end being wound; this does 
not necessarily mean that only a single end is wound at any 
one time. It is usual to make the creel package of such a size 
as to produce an integral number of beams, and remnants 
are usually sent for rewinding. Since creeling takes a con- 
siderable time, it is essential to make it possible to transfer 
from one creel to another and this may be done by moving 
the headstock with respect to some fixed creels or by moving 
the creels with respect to fixed headstocks. Because of space 
limitations it is usual, in the case of a movable headstock, 
to restrict the system to two creels which are known as 
duplicated creels. In the case of the fixed headstock only two 
creels are used, but an extra space is required into which the 
exhausted creel-can be moved before the full one can be 
brought into action. This is known as a truck creel (see 
Fig. 5.1). 
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THE LEADING ENS OF A,  IS TIED TO THE TAIL OF A 
SIMILARLY FOR B, AN0 8, C, AND C ETC. 

Fig. 5.2. Magazine creel. 

The magazine and traveling packagc creels are multiple 
package creels. They are systenis i n  which two or more 
packages per end are warped. In the case of the magazine 
creel, two packages per end arc used, the tail of the one in 
use being tied to the leading end of the other one as shown in 
Fig. 5.2. This permits creeling to proceed while the warping 
operation continues Lininterruptcd. The obvious economic 
advantages of this arc offset by the following factors: ( I  )about 
1 per cent of the ends break at the lime of transfer from 
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one package to the other, and (2) there cannot be as many 
ends per creel because of the space taken by the reserve 
packages. Also, it is desirable to avoid concentrations of 
knots. In normal practice, the knot is used merely to thread 
the new packages and efforts are made to prevent knots in 
the body of the warp. 

WHEN OUTSIDE PACKAGES 
ARE DEPLETED. CREEL 

NDS ARE MOVE0 TO 
1% NEW PACKA 

PACKAGES PLACED 
NSIDE PEGS WHILST 
PACKAGES ON THE 

OUTSIDE ARE BEING 
UNWOUND 

Fig. 5.3. Travelling package creek 

With the traveling package system. the package carriers 
move in loops so that, while the yarn is being withdrawn from 
the outside of the loops. the inside carriers may be creeled as 
shown in Fig. 5.3. At change time. tlie full packages are 
moved as a body to the outside of the loop and tlie newly 
exhausted packages are moved to the inside ready for 
replacement. Unfortunately, some threading time is 
needed at each change over and this reduces the diiciency 
appreciably . 
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An assessment of typical comparative performanccs may 
be made by considering the efficiency of warping. Assume 
that in each case the beam has 540 ends of 30 Tex (20s 
cotton) yarn and a capacity of 250 kg (550 lb). Also assume 
that the warping speed is 800 m/min (880 yd/min). The 
creel packages contain 2 kg (4% lb) of yarn. The end- 
breakage rate is 0.15 breaks per 100 ends per 1000 meters, 
and it takes 0.9 min to mend an end break. The calculations 
are set out on p.91 and summarized in Table 5.1, where it 
can be seen quite clearly why the magazine and duplicated 
creel systems are more attractive than the single end system. 
The difference between the duplicated and magazine creels is 
not so significant because the relative merits depend on how 
long it takes to change the headstock in one case and the 
rate of transfer failures in the other case. Clearly, the 
assumptions made here are fairly critical and any decision 
should be made on the facts relevant to the particular cases. 
Generally, the magazine creel can only deal with a limited 
number of creel packages and may not be suitable where a 
large number of ends is required. 

Headstock 

It is a requirement that the yarn speed should remain 
reasonably constant throughout the warping operation and 
there are several ways of achieving this. In the case of section 
warping, tlie thickness of yarn built up  on the d rum is nevcr 
great, the d rum diameter is usually large and therefore there 
is little error in using a constant speed direct drive to the 
drum. In the case of direct warping. the error would be 
unacceptable and the solutions used in winding are adopted. 
Of these, the surface friction drive is tlie simplest, but it is 
also possible to use a variable speed drive to the beam 
spindle. The latter is usually used with continuous filaments 
because, at the higher speeds involved. the surface friction 
can be troublesome and the extra machine cost is not a large 
proportion of the total. 
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Length of one end = 300 kg :: 1 km :: lo00 g lOOOm 
540end 30g kg km 

= 18,500 meterdend 
this is the same as the warp length, i.e. 18,500 m 

TABLE 5.1 
Compuiaon of Wuplns EfREienckr 

Item Calculations lLpe of Creel 
Single End Dupltcated Magazine 

allfigures in minutes unless 
otherwise stated 

- 
U = running time 
Repair time 

Beam doffing 
Comb threading 

Crecling packages 

Headstock change 
Transfer failure 

18,500 + 500 37.0  37.0 37 .0  
18.500 540 0.3 x 0.9 

1,OOo 100 27.3 27.3 27.3 
say 5 min 5.0 5.0 5.0 
say I5 midcreel 

say 0.1 midend/beam 
Crecling time 

= 540 x 0 .1  = 54.0 NA NA 
say 1.5 minlbeam NA 1.5 NA 
say 1% of ends 
one transfcr/2 beams, 

(two creels) 7.5 NA NA 

Time lost = 1 x f x 540 x 0.9 
100 

= 2.4 NA NA 2.4 
T = total times 130.8 70.8 71.7 

'Iw= warping efficiency = U 28.3% 52.3% 51.6% 
T 

For 400 endbeam with 25 km warp length on the same basis, 
39% 60% 60% 'I, 
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F&. 5.4. Section wrping drum 

The two types of machine require dil-ferent designs of 
winding surface. I n  direct warping, all the yarn can be wound 
at once and it follows that, in this case. a simple flanged beam 
will suffice; however, in the case of indirect (or section) 
warping, the surface onto which the yarn has to be wound 
must be more complex. The reason lies in package stability. 
When a direct warp is wound, the edges are supported by 
the flanges, but when a tape-like section is wound there is no 
sucli support; consequently, it is necessary to taper the un-  
supported edge. In fact it  is necessary to build a structuresomc- 
what similar to a cop or quill except that multiple ends are 
wound rather than single ones. One important difference is 
that each layer of warp must coiitain the same number of ends 
and for this reason it is necessary to make one end of the 
winding drum tapered as shown in Fig. 5.4. The angle of 
taper of the conical portion (often referred to as a wedge or 
conical flange) is a variable. and limitincg angles are bounded 
on the high side by packaee stability and on the low side by 
the amount of yarn which can be warped for a given traverse. 

It will be noted that modern machines are long traverse 
low angle machines which give good stability and yet permit 
sufficient yarn to be warped. Consider the volume of yarn 
stored, and rcfcr to Fig. 5.5. The radial depth or thickness 
of warp on the cylindcr = ( D  - d )  - 2 = x tanr. 
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Let S >x so as to maintain stability 

L = axial length of warp on the drum = L: S 
and V = volume stored on drum 

x Y = - ( D 2  - d 2 ) L  
4 

but 

then 

D - d  
2 

-- - xtana 

-- - d ,  = mean diameter D + d  
2 

V < (rd,f.)(S tan a) 

SEE FIC.S.6 FOR PICTORIAL REPRESENTATION 

Fig. 5.5. Section nwping 

The group ad,,L i s  approximately constant for a given 
warp, therefore the volume which can be stored may be 
considered to be proportional to Stan a. In other words, 
if S is small it is necessary to increase x to get sutticient 
volume. With large traverse machines. the need to alter a 
from one operating condition to another tends to vanish; 
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VARIOUS SECTIONS ,,,**----.. 
NOT SHOWN I!.,‘ , 
DETAIL , ,,,,’ ’, 
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[ n + l ) t ”  SECTION - 
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I I 

COILS AND KNOl 1TED 

Fig. 5.6. Section warping. 

modern design adopts this solution because of the simpli- 
fication and it is conimon for such machines to be capable 
of storing loo0 kg (2200 Ib) of yarn on a 1 meter (40 in) 
diameter drum. 

In  making the warp, each end of the tape-like section is 
threaded through tension d d c c s ,  stop-motion, /casing rods 
(or reed), contracting ree reed and then is led over a measuring 
roller to the drum. The leading end.of the section (which is 
normally knotted) is then attached to the drum so that the 
edge of the section lies atxhe nose' formed either by the conical 
portion of the drum or by the previous section, as shown in 
Fig. 5.6. After an initial few turns, lease builtis are inserted 
in a direction parallel to the drum axis in the fashion shown 
in Fig. 5.7. These lease bands make it possible to identify the 
correct layers of yarn to be used in unwinding so as to give a 
continuous sheet of warp across the width of the beam. It is 
usual to insert about six of these bands, after which the 
traverse is set in motion so that the build required is 
obtained. At the end of the build of that section, the tape-like 
section of yarns is cut, the ends are knotted and the end 
attached to the drum is fixed by tucking it under a previous 
layer. The next section is then wound and so on. The 
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measuring roller ensures that the same length of yarn is 
wound for each section and, since this is important, the 
machine is normally stopped automatically after the 
predetermined length is wound. 

, 

F&. 5.7. Lease band. 

After completion of the warp, it is later wound onto a 
beam and the lease bands which were originally on the in- 
side now come to the surface; these are very helpful during 
the subsequent processes. It is possible, however, to have 
transportable drums for use in subsequent slashing and, in 
this case, it is necessary to carry out the leasing operation at 
the end of each section wound instead of at the beginning. 
The choice between the two systems is determined by the 
relative costs of an extra wind as against the extra capital 
tied up in a transportable drum. 

Control Systems in Warping 

As is usual with most textile operations. it is ticcessary to 
control tension such that all eiids are as nearly alike as 
possible. The tensions are not high and it is ~isualty sufficient 
to apply just enough to prevent the yarn snarling and 
entangling. Each end has to be controlled, therefore one 
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tension device per end is needed; it is norind for tlic dcvicc 
to be sited in the creel very near to tlie package. Also. since 
many are required and the tension is low, a simple disc type 
tensioner is usually preferred. 

A simple tensioning device is only able to increase the 
teiisioii and it is necessary to ensure, therefore, that the input 
level is considerably lower than that ultimately required. In 
the case of warping, this means that the ballooning of tlie 
yarn coniing from the creel package must be controlled. It 
is important that the yarn guides be placed in the correct 
position with respect to tlie package and that there is suffi- 
cient space between packages. It is helpful to arrange all 
packages to unwind in the same direction so that tlie balloons 
do not interfere and cause entanglements. In high speed 
warping, the unwinding tensions become somewhat more 
important and variationscaiised by the progressive exhaustion 
of the creel packages should balance as far as possible to 
maintain similarity between all ends. This is particularly 
relevant to section warping, where the tension in the last 
section may be quite different from that in the first. 

It is necessary to have a stop.motion since a good warp 
should not contain many broken ends. A drum of perhaps 1 
meter (40 in) in diameter or even a simple flanged beam 
together with its drive will have considerable hertia, 
especially at high speed, and the stopping time is 
considerable. Consequently any stop motion must be sited 
in such a way as to allow sufficient time for any stop to 
occur before the broken end reaches the headstock. Once an 
end is allowed to reach that point, there is little or no 
possibility of repairing it, especially since warping is 
irreversible. Any attempt to unwind the warp at this stage is 
likely to lead to entanglement. For these reasons, the stop 
motions are usually sited as a group near the creel exit, the 
stop devices are usually electric to give quick response and 
the machine is always fitted with powerful brakes. 

Some designs of warper incorporate a warp storage 
system which allows a limited amount of warp in transit to 
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the beam to be stored at  the time of a break. When a break 
occurs the fault zone can be retrieved from storage and 
this enables higher warping speeds to be used. 

Normally, the yarn on the creel packages has passed 
through a clearing operation and no further clearing is 
required during warping. With some of the new methods of 
yarn production it is possible to obtain uncleared packages 
of the correct size and build which, if warped, might give 
subsequent trouble. Even here, the best solution would 
appear to be to clear the yarn elsewhere rather than stop the 
entire warping operation for a single break. 

It is most desirable, especially in pattern warping, to 
control the length of warp wound and a measuring roller is 
used in combination with a suitable counting device to stop 
the machine at the appropriate delivered length. 

As mentioned earlier, it is desirable to control the surface 
speed of the warp particularly when a large change in warp 
diameter is involved. The frictionally operated surface drive 
needs no further comment but it may be helpful to consider 
the variable speed spindle drive in a little more detail. In any 
controlsystem, it is necessary to measure the parameter to be 
controlled, hence in this case one would have to measure the 
yarn velocity or compiite it from a measurement of the warp 
diameter. The latter method is popular, but it will be realized 
that if the sensing element depresses the surface of the warp 
to any appreciable extent, then an error will arise. Much 
electrical equipment has become progressively cheaper over 
the last few decades and speed measuring control devices 
might be expected to gain in popularity. 

The density of the warp on the beam has to be controlled, 
depending on whether it is prepared for slashing or dyeing. 
The density niay be controlled by tension, pressure or a 
combination of both. In the case of frictional drive, an ele- 
ment of pressure control is unavoidable and it is not easy to 
produce a very soft warp beam because of the pressure needed 
to drive it. In the case of spindle drive, it  is possible to use 
tension alone, but it is a common practice to use a pressure 
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roller, the pressure of which is often hydraulically controlled. 
In warping yarns made from man-made fibers, a consider- 

able degree of static elcctrification may be produced and some 
form of elimination is required to avoid yarn entanglements. 
There are several means of control, viz: (a) chemical fiber 
finishes, (b) ionization of the air and (c) humidification of the 
air. The chemical finish introduced by the fiber producer has 
to be compatible with all the operations and may be insuffi- 
cient to meet the need at this stage. Consequently, it is usual 
to apply one of the other methods or a combination of them. 
Excessive humidification can produce unpleasant working 
conditions which may affect the labor force and it can 
cause machine damage by deposition of dew during non- 
working periods. The hazards of ionization have to be 
considered, and the expense must be weighed against the 
savings. 

With staple fiber yarns, lint and fly can cause trouble, 
particularly at the tension control and break detector points. 
Also, they bring about a deterioration in working conditions. 
Blowers are frequently used to remove the fly and lint from 
the creel, but this would be useless unless the air-conditioning 
system is capable of removing the material from the environ- 
ment. Preferably, the air-conditioning system should remove 
the contaminated air from points as near to the source as 
possible. 

98 



6 
SLASHING (WARP SIZING) 

Key Words: 
beam creel, breaker bars, byrometer, clearing, comb 
crimp, cylinder drying, desizing, direct sizing (slashing), 
drawing-in, drying section, dusting off, end breakage, 
exfoliate, fibering-off, clearing, fly. gelatinization, hot-air 
drying, immersion roller, indirect sizing, lease bands, lease 
rods, leasing, loom state, mixing beck, penetration (of size), 
slashing, shed opening, size box, size liquor, size shedding, 
size take-up, softeners (in size), squeeze roller, Oing-in, 
viscosity, warp sheet, warp sizing, wetjinished. 

Introduction 
The primary purpose of warp sizing is to produce a warp 
which will suffer the least damage in weaving. In some cases 
it is also used to modify the character of the yam so as to 
have an effect on the fabric weight, stif€ness or hand, but if 
this secondary use should interfere with the primary one, 
then the process has been misapplied. Warp sizing achieves 
its primary purpose by causing fibers mutufly to adhere in 
such a way as to make the warp yarns stronger, smoother 
and better lubricated (see p. 36). However it is also 
important that the sizing materials should not interfere with 
the processes following weaving. Wherever possible the 
sizing should aid in these processes and not hinder them. 
Hence it is necessary to consider not only the way in which 
size is applied and its effects in weaving, but also the effects 
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on subsequent processes (such as dyeing) and on the 
resulting fabric. 

Although the ultimate aim should be to eliminate all sizing 
(and other preparatory processes) to achieve minimum cost, 
this is not at present practicable. Indeed, not only does 
adequate preparation reduce overall costs by making the 
weaving operation more efficient, but it is almost impossible 
to weave most warps found in industry without sizing. Size 
is often applied to yams to give them added strength, but 
even with continuous filaments where the strength is 
adequate, lack of size may allow slack or broken filaments 
to protrude from the body of the yam, especially in the 
cases of low twist and textured yams. These protruding 
yams can entangle or form fuzz balls and cause end breaks. 
In general, the higher the twist level, the less the amount 
of size required. If the twist is exceptionally high, it is 
possible to weave a warp without size, but the resulting 
fabric is harsh and unacceptable for most purposes. 
Acceptable fabrics may be obtained by weaving unsized 
ply yams but the cost of plying has to be set against the 
cost of slashing. Usually slashing is used in preference to 
plying unless the fabric demands the use of plied yarn. 
Towels frequently fall into this latter category. 

Looking to the future, new yam structures may modify 
sizing requirements. Twistless yarns (in which fibers are held 
together by an adhesive) obviously need little or no further 
sizing and it is quite possible that any attempt to slash them 
would cause yarn damage especially if the original adhesive 
were water soluble. Composite yams (in which the fibers 
may be held in position by frictional or chemical forces and 
in which there are both staple and filament components and 
perhaps other polymeric material) may need special 
treatment which could differ quite radically from present 
experience. Open-end spun yams (which have a more open 
structure in the outer sheath of the yams) require a diluted 
size liquor. Furthermore, the weaving apparatus is 
undergoing change; shuttle-looms are giving way to 
shuttleless looms and the conditions imposed on the warp 
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are altering. The water-jet loom, for example, is a special 
case in which the filling is inserted by a jet of water, and this 
obviously introduces sizing problems when a water-soluble 
size is used. 

Water pollution has become a matter of increasing 
concern in our modem world, and there is mounting 
pressure to prevent industrial wastes (of which size is one) 
from contaminating rivers and other waterways. 
Consideration must be given to the question of recycling the 
material removed during de-sizing. One possibility is the use 
of reverse osmosis through membranes to separate the clean 
water and another is to use non-aqueous solvents in the size, 
but such solvents are either toxic or flammable and necd 
great care to prevent hazards to the workers. Meanwhile 
most industrial plants continue to use water-based solvents 
and the rest of the chapter will be written assuming that 
water soluble sizes are used. 

Warp Brcaks During Weaving 
A warp end will break when the tension applied is greater 
than its breaking strength. Failure may be caused either by 
an increase in tension or by a decrease in strength. 

Tension may increase for several reasons; these fall into 
two categories, viz. :- 

(a) Controlled by machine design parameters or (to a 
limited extent) by the setting of the loom. 
Too large a warp shed opening. 
Insufficient tension compensation. 
Heavy beat-up. 
Improper warp let-off. 
Loom settings. 

Passage of knots. 
Entanglement between warp yarns (often caused 

by slack ends). 
High friction between warp and machine. 

(b) Controlled by operational parameters. 

101 



CAUSE0 BY CRIMP 

STRETCH CAUSED 
BY TENSION 

Fig. 6.1. Wurpwise length chunges during weuving 

Nicks, cuts and roughnesses in machine part surfaces 
in contact with the warp (particularly important 
with textured yarns). 

Decreases in strength of the warp yarn may be caused by 

Yarn damage caused by the machine. 
Weak places in the yarn supplied. 
Uneven distribution of load over all the warp ends. 
Inadequate knotting or joining. 

the following: 

Causes of High Tension 
Tension levels in a warp may be sub-divided into three 
components, viz: 

(a) Constant mean tension. 
(b) Cyclic variations about the mean. 
(c) Transient variations which occur randomly. 

Constant Mean Tension 
The mean tension is determined by: (1) the relative rates of 
take-up of the cloth and let-off of the warp; (2) the 
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contraction of the warp due to crimp created by weaving; 
and (3) the stretch of the warp due to the tension (Fig. 6.1). 
With proper setting, high mean tensions are rarely the cause 
of high end breakage rates and the topic need not be further 
discussed at this point. 

Cyclic Variations About the Mean 
The principal cyclic variations in tension are caused by the 
shedding and beat-up. The shed opening has to be sufficient 
to allow the shuttle to pass; also, the shed must be changed 
periodically to give the desired weave, which means that the 
path of the warp end through the shedding zone changes in 
length. Without compensation, this would lead to large 
variations in tension. Tension compensation devices are 
commonly used to reduce tension variation but, because of 
dynamic effects, it is not possible to eliminate the variations 
entirely. The cyclic variations due to beat-up tend to consist 
of sudden pulses and the magnitude of the pulses is a 
function of the cloth structure. A dense fabric gives a much 
higher amplitude of pulse at beat-up than a more open 
fabric. The point of highest tension in the cycle (which might 
be at shedding or beat-up) is the point in time where a weak 
yarn is most likely to break and where yam damage is most 
likely. 

Transient Variations Which Occur Randomly. 
The randomly occurring transient tension peaks are the 
most important of all, being frequently the cause of breaks. 
For example, a large badly-shaped knot may be unable to 
pass through the reed (or heddle eye) producing a very high 
tension peak in that particular yam, which may break even 
though it has no weak spot. Of course, the conjunction of 
such a knot with a weak spot almost certainly leads to an 
end break. Similarly, entanglements of (a) fibers or broken 
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filaments protruding from yarns, (b) the yarns themselves, 
or (c) knot tails may give similar results except that in some 
of these cases several adjacent ends are likely t o  be involved. 

Relative movement and pressure between the warp yarns 
and the various parts of the loom lead to tension build-ups 
along the warp yarn. The relative movement is not 
unidirectional and in places there is a sort of chafing action 
superimposed on the general movement from the beam to 
the cloth roll. The tension build-up at the rubbing point 
depends upon the direction of movement, the coefficient of 
friction, the mean tension in the yarn as well as the geometry 
of the contact between the yarn and machine part. This is 
somewhat complex but it is important to understand the 
phenomenon at least qualitatively. If these tensions are 
allowed to become large, as they can be, then the end- 
breakage rate would become totally unacceptable. In 
marginal cases, the difficulty is ameliorated by the 
application of lubricant whereas a more complete 
understanding might have eliminated the problem. 

Causes of Low Yarn Strength 
The chafing mentioned earlier may damage the yarn; fibers 
may be torn from the yarn, disrupting its internal structure 
and weakening the yarn more than might have been 
expected from the removal of a single fiber. Other fibers may 
be cut or damaged, especially on the yarn surface, and this 
further weakens the yarn and adds to the problem of 
generation offry which can accumulate and create a fire 
hazard or can collect in clumps on the yarn and create 
faults. High peaks in tension tend to cause permanent 
elongation which usually reduces yarn strength and 
increases local stiffness. Since a yarn of greater than average 
stiffness takes more than its fair share of the load, it has an 
increased tendency to break. Clearly, such overstraining of 
the warp is to be avoided. 

Obviously a yam with many weak places will give many 
end-breaks and it is desirable for the yarn strength and 
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Fig. 6.2. Redundant structures 

linear density to be as uniform as possible; indeed, this is 
one of the main reasons for cfeuring warp yam to remove 
thick and thin (or weak) spots from the yarn. 

Yarn stiffness is an important factor. Consider three 
springs as shown in Fig. 6.2. The two outer springs have a 
lower stiffness than the center spring, which is seen to take a 
large share of the load. The model may be regarded as a 
simplified version of a warp, in which the warp yarns are 
represented by the springs. Consequently, the relative 
stiffnesses of the warp ends are important. For example, 
with a striped warp in which the tensile stiffness of the yarns 
forming one stripe is higher than the rest, the yarns in that 
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one stripe will suffer higher tensions than the rest and this 
could lead to excessive end breaks in that stripe. Similarly 
with single warp ends. Uneven sizing can affect the yarn 
stiffness and this in turn can affect the end breakage rate and 
distribution. 

In normal operation the extension is fixed by the machine 
and the stiffness of the yarns will affect the tensions 
generated. With very stiff yarns, such as glass or improperly 
sized yarns, small variations in the extension can increase 
end-breakage rates. Deflections in the loom itself may cause 
bad distribution of load among the ends, sufficient to present 
problems in the case of very stiff yarns. Such variations 
might be of little significance, however, in the case of more 
extensible yarns in which the variations are offset by the 
stretching of the yarns during weaving. After weaving has 
been in operation for some time, tension differences due to 
local effects (including local stiffnesses, repaired ends, 
slackness, etc.,) tend to disappear or “weave out”. 

TABLE 6.1. 

Ingredients For Water B a d  She$ 

Adhesives Lirhr-icaii ts Aiklilires 
Potato starch Mineral waxes Salicylic acid 
Starch from cereals (corn, Vcgctablc waxes Zinc chloride 

wheat, rice, CIC.) Animal fats Phenol 
Carboxy methyl cellulose 
(CMC) Mineral oils Emulsifiers 

Polyvinyl alcohol (PVA) Vegeiablc oils 
Polyvinyl chloride (PVC) 
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Table 6.2 

Size Ingredients 
A warp yarn should be strong, elastic, extensible and 
smooth. The ingredients used in sizing are usually starches, 
gums or synthetic adhesives and fatty or oily substances (to 
act as lubricants and plasticisers or softeners). The two 
types of ingredient tend to have opposing effects on the yarn 
and a compromise has to be made to yield the lowest end- 
breakage rate for the given yarn under the given conditions. 
With some synthetic sizes, particularly those used for 
textured yarns, it is not necessary to add an additional 
lubricant and in those cases it might even be harmful to do 
so. In many instances, antiseptics, anti-mildew agents etc., 
might be added to the recipe. Typical ingredients for water 
based liquors are shown in Table 6.1. 
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It is possible that non-aqueous liquors will be used in the 
future, but as yet there is little experience in this area. 
Consequently, only aqueous solutions are considered and 
typical recipes are given in Table 6.2. 

The adhesive, usually in granular form, is mixed with 
water and heated to form a paste which ultimately becomes 
a viscous fluid. Starch is a complex carbohydrate which 
combines with water; this causes the material to swell and 
change character. The viscosity of the boiled starch is 
controlled to a great extent by the amount to which the 
surface of the granule is dissolved. This in turn is affected by 
the recipe, the degree of mechanical mixing, the temperature 
and time of boiling. Typical viscosity curves are shown in 
Fig. 6.3. It will be seen that under certain conditions 
prolonged boiling will cause a decline in the viscosity. 
Similar effects can be obtained by over-vigorous mechanical 
working. In both cases, this is caused by breakage of the 
fairly weak hydrogen bonds formed during the gelatinizing 
phase. The viscosity is one of the important factors 
influencing the amount of size picked up by the yarn. 

Other sizes behave in a somewhat similar manner and the 
temperature of the size liquor and the time factor both affect 
the viscosity with similar effects on the ultimate size add-on. 

Lubricants, soaps, and waxes are commonly used as 
softeners. Without such softeners in certain sizes, the yarns 
would not be sufficiently extensible; the size would crack 
and particles would drop away from the yarn (i.e., ediliute 
or dust ofl and this in turn would create local stress 
concentrations which would encourage end-breakage. 

The most important factors in choosing size ingredients 
are: 

(a) The recipe should be that which gives fewest end 

(b) It should be that which gives the least exfoliation. 
(c) It should be that which permits easy de-sizing. 
(d) It should give good fabric characteristics. 

breaks. 
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(e) It should be compatible with the machinery (e.g., it 
should not cause size build-ups during weaving or 
blockages during slashing). 

(f) It should not cause any health hazard. 
(g) It should not cause any degradation of the textile 

(h) The cost of sizing plus the cost of weaving and 
material. 

finishing should be a minimum. 

Lubricants or Softeners 
Tallow 
This lubricant is the fat of beef or mutton, or a mixture of 
the two. The weight of tallow used in a size based on sago 
flour as the adhesive is up to 10% of the oven dry weight of 
the starch (sago). In many cases tallow substitutes are used 
to reduce the cost of sizing. 

Soap 
This lubricant is used with many sizes as a softener but it is 
not used alone. It is often mixed with tallow before 
introducing to the size in the mixing beck. 

Japan Wax 
This softener is popular in the U.S.A. It melts at 5OoC 
(122OF). If adulterated with paraffin wax, it is difficult to 
remove in finishing. 

Factors which Affect the Properties of Sized Yam 
The most important factors affecting the properties of the 
warp yarn after sizing are: 

(1) Lubricant added to fiber or filament prior to slashing 

(2) Lubricant added to the adhesive as part of the size 
(i.e.,JiberJinish or coning oil). 

recipe. 
110 
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OR WARPER’S BEAM 

Fig. 6.4. Watp Sizing (Simplified) 

(3) Adhesive type. 
(4) Recipe (Le., percentage adhesive, percentage 

lubricant, etc.). 
(5 )  Size add-on (the amount of size put on the yarn). 
(6) Technique of sizing. 
(7) Operational conditions such as yarn speed, 

temperature of drying, yarn tension etc., 
(8) Weave room relative humidity. 
Man-made fibers usually have some sort of fiber finish to 

act as a lubricant during fiber and yarn manipulation and to 
reduce static electrification of the fiber. Common natural 
fibers, (unless scoured), have a fatty or waxy coating. In 
some cases, extra lubricant is added to the fiber or yarn 
during yarn manufacture (such as coning oil). Such oils and 
additives may plasticize the polymer used as size and, if 
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form only 
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PRODUCTION OF WARPER'S EEAMS 

Fig. 6.5. Use of Section Beam 

such plasticization is excessive, the material will become 
tacky to the point of being unusable. Furthermore the oils or 
additives may adversely affect adhesion between the size 
and the fiber and thus the additives must be compatible with 
the size recipe. Also, the percentage lubricant on the yam 
prior to slashing must be minimised, just sufficient lubricant 
being needed for the prior processes. A typical maximum 
percentage at this stage is 1%. The total lubricant 
percentage will determine adhesion and toughness of the 
size, and the size recipe may have to be varied to take into 
account the lubricant already on the yarn. For example, if 
one were to attempt to use a knitting yarn for a warp, it 
might be found that the yam oil level is high for weaving 
purposes. It might be necessary to reduce the lubricant in 
the size or it might even be impossible to slash the yam 
satisfactorily because of too high an oil level. 

For spun yams there is a wide choice between the various 
sizes, such as starch, PVA, CMC, etc., and the choice is 
commonly determined by cost. For filament yarns the 
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Fig. 6.S(a) Beam creel arrangemenn 
Note: For simplicity, only four warper's beams arc A w n  in each 

uraageaunt. NornwHy there ore more. 

choice is not so wide because compatibility between fiber 
and size becomes more important. For example, with nylon, 
polyacrylic acid is frequently preferred because of the 
adhesion properties, whmas with polyester, acrylate sizes 
are usual. In this latter case, care must be taken in respect of 
plasticization from either the lubricants or the moisture in 
the air. In other words, the weave-room relative humidity is 
important and it may be necessary to vary the size 
formulation according to the weave room conditions 
expected. 
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Fig. 6.6. ‘Single-end’shhing (creel not shown). 

The amount of size add-on depends on yarn structure and 
size recipe, thus there are significant differences between the 
requirements for flat filaments, textured and spun yarns. 
Also, the roles of bulk, hairiness and twist levels vary 
according to the type of yarn. One major function of 
slashing is to control the surface of the yarn; in general, the 
more size add-on, the smoother the yarn, and a smooth yarn 
will weave better than a hairy or non-smooth one; thus one 
might expect a curve such as (1) in Fig. 6.3(a) to indicate 
performance. As the size add-on is increased the yarn be- 
comes stiffer, less extensible and more difficult to  weave. 
At low add-on, the yarn is more likely to break because of 
lack of strength and increased hairiness. The n t t  result is 
that there is an optimum add-on level at which there is a 
minimum end-breakage rate and the best add-on level varies 
according to  the smoothness of the yarn. 

Warp sizing techniques and the operational requirements 
are discussed in the following sections. 
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Fig. 6.7. Section of a size box 

Warp Sizing Techniques and Operational Conddonr 
Sizing or slashing machines can be classified according to 
the method of drying as follows:- 

(1) Cylinder drying. 

(2) Hot air drying. 
(3)  Igra-red drying. 
(4) Combined systems. 
Machines may be further classifled according to the 

method of yarn supply, i.e., direct (Fig. 6.4), indirect (Fig. 
6.5) or “single-end” (Fig. 6.6) slashing. Unfortunately the 
term ‘single end’ is also used to describe a machine in which 
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only one yam end is sized rather than a sheet of yarns from 
a beam or creel as discussed above. In the single-end 
slashing referred to in the present context, yarns are taken 
from a creel rather than from a beam; this is a particularly 
valuable technique for slashing textured yarns, since 
individual yarns can be controlled separately especially in 
the matter of tension. The direct and indirect methods are 
used frequently for spun yarns, although it is possible to 
slash textured yams also if proper care is taken. In both the 
direct and indirect systems, beams are used to supply a sheet 
of yarn to the size box and in the indirect case a beam creel 
(not to be confused with the creel in single-end slashing) is 
used and there are several possible beam arrangements (Fig. 
6.5(a)). Negative let-off is normally used because of its 
simplicity, but occasionally the beams are directly driven 
and controlled to give constant warp tension. 

The size box is used to apply the size liquor to the yarn 
(Fig. 6.7). The warp sheet is guided through the solution by 
means of the immersion ioller, and then passed through the 
squeeze rollers where the yarns are pressed to maintain the 
desired percentage of size material on the yarns. The size- 
box temperature is usually maintained by means of steam 
pipes and the steam flow is regulated to control the 
temperature. It is also necessary to control the level of the 
solution in the size box as well as the concentration of size. 
The latter is controlled by a byrometer which measures the 
density of the solution and controls the relative supply rates 
of the various ingredients. The density and concentration are 
related and the byrometer is thus an effective control device, 
but it must be realised that the squeeze rollers also play an 
important part. The bottom squeeze rollers are usually made 
of stainless steel and the top ones are usually covered with 
felt or rubber. The hardness of the top roller is an important 
variable: furthermore, it is a variable which can change with 
time as the covering hardens with use. The roller hardness is 
usually measured in terms of the Shore hardness and should 
be checked from time to time. Variations in roller hardness 
and weighting alter the pressure acting on the yarns in the 
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squeeze zone and will cause variations in size add-on. In 
some cases more than one pair of rollers are used and this is 
said to improve control. 

The drying section determines the maximum throughput 
rate. It is required to dry the wet sized yam rapidly, 
thoroughly and uniformly. A simple two-cylinder machine is 
too slow as it is difficult to get a sufficiently high heat 
transfer rate. By introducing more cylinders, more drying 
surface is made available and the contact time for a given 
yarn spced is increased. 

On a multicylinder machine, it is possible to control 
accurately the drying temperature cycle to which a given 
element of yarn is subjected. In practice, it is found desirable 
to increase the temperature during the first phases of d r y i q  
and to decrease it during the last phases, but too high a 
temperature causes too deep a size penetration. A typical 
range of temperatures used is from 80 - 105°C (180 - 
220°F). In the case of filament yams, and textured yams 
in particular, it is desirable to have the last cylinder un- 
heated to enable the yam to cool sufficiently to make the 
size less plastic before splitting. In the case of staple yarns 
using starch, CMC or PVA etc., there is less need to so 
reduce the temperature and the last cylinder is commonly 
heated to raise the overall evaporation rate and increase 
speed. 

In cylinder machines it is possible to assess the 
evaporation rate in terms of the mass of water evaporated 
per unit time per unit area of contact between warp and 
drying cylinder. A typical figure for a modem machine is 
about 12 kg/hr/m2 (2) lb/hr/fif). 

A disadvantage with the multi-cylinder machine is that 
the yarn leaves the first rollers in a wet condition. The 
consequent adhesion between yam and roller can be 
overcome by using a Teflon coating but this increases the 
cost of the machine. Most modem machines use this 
technique and are capable of working at some 120 dmin  
(400 ftlmin). If the yarn leaving the last cylinder is 
completely dry, it is probable that it will be flattened by 
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contact with the cylinder. Also, overcrowding of yarns on 
the cylinder surface can cause changes in the yarn cross- 
sectional shape and in either case the shape changes are 
likely to cause a streakiness in the final fabrics. This is 
especially so for textured yarns. Furthermore, if complete 
drying is achieved, higher tensions will have to be used for 
separation and this can cause considerable stretch; this 
especially critical with textured yarns, and undue stretch will 
produce so-called ‘shiners’ in the fabric caused by the 
different reflective tapabilities of an overstretched textured 
yam. To overcome these problems, pre-dryers are often 
used between the size-box and the first cylinder. The yarn is 
separated in the wet state and is partially dried by hot& or 
infra-red heating. This tends to make it more nearly possible 
to retain the uniform and round yarn cross-section desired. 

When hot-air drying is used it is difficult to obtain 
adequate heat transfer without unduly extending the 
distances between the cylinders. If the distance is too great, 
entanglement and involuntary stretching may be increased 
and there are difficulties in threading and piecing. For this 
reason, a combined system is often used in which the rollers 
are heated. In either case, it is necessary to use an air 
temperature of the order of 150°C (300°F) and it is 
essential, therefore, that the temperature should be reduced 
automatically if the machine should stop. This ensures that 
there can be access to the drying section (to piece broken 
ends) and prevents local over-drying which could lead to 
local brittleness and to the probability of end breakages 
during weaving. Air drying is usually more expensive than 
cylinder drying, but in the form of a combined system it can 
lead to an increased throughput. 

In order to prevent adhesion between the yarns, it is 
necessary to separate each sized end from the others before 

Fig. 6.8. (Opposite). Typical leasing system (not to scale) 
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the warp can be used for weaving. To separate the ends, the 
outgoing sheet is divided into two sections. These are then 
further divided, usually in such a way as to give a pattern 
similar to that used in combining the sheets on the ingoing 
side of the machine. This maintains strict order which 
facilitates rapid drawing-in and the finding of broken ends. 
It also permits the leasing of the completed warp (the 
placing of lease bands or tapes across the width of the last 
layers of warp). Leasing facilitates the subsequent drawing- 
in or tying-in operations. Lease rods or breaker bars (Fig. 
6.8) are used to divide the main sheet as described. A single 
comb is used to maintain the division of the sheets into 
separate ends and to position them for winding on to the 
beam. The comb is usually an expanding one which enables 
the number of ends per.unit width to be controlled. 

Energy has to be expended in dividing the yarns and the 
yarns become heated in the process. Separation of the 
splitting zones allows heat generated by the division process 
to disperse. It is common practice to cool the yarns in this 
zone by means of an air stream. If such measures were not 
taken, the temperature of the yarn might increase to the 
point at which the yarn could suffer damage. 

Mechanism of Size Take-up 
The size liquor is viscous and does not penetrate the yarn 
structure very quickly. In a production machine the time is 
limited and there would be difficulty in causing even a low 
viscosity size to penetrate to the core of the yarn without 
squeeze rollers. In any case, it would be undesirable for the 
size to penetrate completely because the yarn would be very 
stX and unmanageable. On the other hand, it would be 
equally undesirable for the size merely to coat the yarn 
because the size would tend to crack, chip or peel off, 
especially when the yarn was bent or twisted. Thus whilst 
the coating initially would serve the purpose of producing a 
smooth yarn, it might not yield a smooth surface after the 
yarn had been worked. Also, for the yarn to have added 
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strength, some size penetration is needed. 
Lubrication is another factor, because lubricant can 

exist at the surface or exist inside the structure and later 
work itself to  the surface as the yam rubs over a friction 
surface. It is also possible t o  overwax (put a coating of wax 
over the already slashed yarn) but care must be taken to  
avoid over plasticisation of the size and the generation of 
wax build-ups during weaving. 

The degree of size penetration determines the stiff- 
ness for a given yarn bearing a given size. If some fibers are 
free to move relative to one another the stiffness will be 
reduced and so will the tendency for the size to crack. 
Consequently, the sizing machine has an adjustable 
squeeze roller to control the size penetration, (Fig. 6.7) 
but, as was mentioned earlier, the roller hardness and size 
viscosity and type all affect the issue. The size penetration 
also depends on the yam structure, as does the stiffness 
generated by a given percentage size add-on. There is a 
considerable art in optimising all the various factors to give 
a satisfactory warp which will weave well under the pre- 
vailing circumstances. 

With novel yarn structures, such as those likely to be 
encountered as new spinning methods develop, it will be 
necessary to alter the size viscosity, squeeze roller pressure 
and machine speed to meet particular requirements. For 
instance, with open-end spun yarns, it is desirable to reduce 
the size concentration in the liquor to about 85 per cent of 
that normally used and to avoid excessive tension during the 
process. The reason for this is that the fibers in the outer 
layers of the yarn are less densely packed than in the core, 
and excessive strain tends to break fibers in vital areas where 
the load is concentrated within the yarn. It is impossible to 
foresee the requirements for types of yarn, but an 
understanding of the sizing process and the principles of 
sizing will enable these requirements to be worked out. 

The chart in Fig. 6.9 shows the chief factors which, in 
ordinary sizing practice, can affect the percentage size put 
on the yarn. This percentage depends initially on the 
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concentration of sizing liquor and the amount taken up. 
These quantities depend, in turn, upon other factors. 

As viscosity increases with concentration, an increase in 
concentration causes more than a proportionate increase in 
the percentage of size applied to the warp for the usual type 
of take-up. A change in concentration from 6 to 8 per cent 
could bring about an increase in the percentage of size 
applied from about 8 to 16 per cent. 
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Fig. 6.10. Heat and mass transfer in sizing. N.B. The flow of air 
has been ignored to simplify the diagram 

Automatic Control of Size Application 
The basic principle of the technique of automatic size 
regulation is that, at equilibrium, the substances entering the 
size box must leave at the same rate, so that there is no 
gradual accumulation or depletion in the system (i.e., mass 
flow is conserved). 

For full control it is necessary to maintain equilibrium 
and this implies that: 

Mass flow must be conserved for all ingredients 
severally and totally. 
Levels must remain constant at equilibrium values. 
Temperatures must remain constant in respect of time 
and position across the width of the machine. 
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There is little difficulty in maintaining levels and 
temperature, but control of the mass flow of ingredients can 
present problems. There is no reliable method of measuring 
continuously and immediately the percentage of size on the 
warp as it leaves a sizing machine. The control of size 
application by instrumentation has so far been based on the 
measurement of viscosity and size concentration; these two 
quantities must be measured simultaneously. Although such 
measurements have been carried out successfully under 
research conditions, it has been difficult to apply them in 
commercial practice. The system of measurement is 
essentially an open loop which relies upon a calculated 
relationship and this is usually satisfactory once the proper 
coefficient has been determined and proved. It is somewhat 
difficult to predict this coefficient, especially in the case of 
unusual yarn structures. 

The flow diagram in Fig. 6.10 shows that there is both 
heat and mass transfer in the process. In particular, 
adequate heat transfer is essential in the drying section and 
the heat transfer surfaces must be kept clean. 

Man Made Fibers 
Most synthetic fibers have poor moisture absorption 
characteristics, as shown in Table 6.3. Sizing materials must 
have high adhesive power and, in general, the requirements 
of man-made fibers are different from those of natural fibers. 
Nevertheless, some sizing materials are suitable for both 
types of fiber. For example, CMC is suitable for many 
synthetic fibers and can also be used for cotton, wool and 
cellulosic fibers. For a given fabric construction, the amount 
of size on the warp has to be increased if synthetic fibers are 
used, and a lubricant is essential. 

Some man-made fibers (such as rayon) are relatively 
weak in the wet state. Also, most man-made fibers are 
highly extensible, especially at high temperatures. Therefore 
tension and temperature controls are very important in 
slashing such yarns. Static electricity is also a major 
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problem. In most cases static eliminators must be used after 
the yarn has been dried; the eliminator is usually situated at 
the headstock just before the beam. 
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7 
DRAWING-IN AND TYING-IN 

Key Word's ; dent, dctiting plan, drawer-hi, dsawing-in, drawing- 
in draft, drop wires, lieddles, pattern chain, pointed draft, 
reacher-in, rced plan, skip dsaft, straight draft, tying-in, 
warp stop motion. 

During slashing the exact number of warp yarns required 
in the fabric is wound onto the loom (or weaver's) beam. 
The warp ends are then passed through tlic drop wires of the 
warp stop motion, the heddlcs of the harness frames and the 
dents of the reed. This can be achieved either by drawingin 
or tying-in, the choice depending upon whether or not the 
new warp is different from the warp already on the loom. 

Drawing-in 
This is the process of drawing every warp end through its 
drop wire, heddle eye and reed dent as shown in Fig. 7.1. 
Drawing-in can be performed manually or by means of 
automatic machines. 

Mat iual Dra 1 t *itig- in 
The warp beam is taken from the slashing room to the 

drawing-in area, where there are frames on which the drop 
wires, harness frames and reed are supported in the order 
in which they are found on the loom. 

A length of warp yarn, just enough to reach to the other 
side of the frame, is unwound. teasing of the warp at this 
stage simplifies separation of the yarns. In normal practice, 
two operators sit facing each other across the frame and the 
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WARP END 

Fig. 7.1. Schematic diagram for drawing-in 

operator facing the reed (the draiw-in)  passes a hooked 
needle through the heddle eyes and drop wires. Tlie needle 
hook is then exposed to the second operator (the reacher-in) 
on the other side of the frame; the reacher-in selects the cor- 
rect yarn in its proper order and piits it on the hook so that 
when the needle is pulled out the yarn is threaded through 
the .two loom parts. This is done according to a plan known 
as the drawing-in drufi (D.I.D.). The yarns are then threaded 
through the reed dents as required by the dtviiing p / m  or 
reed pkm ( R. P.). 

To prcvent the ends from bcing pulled back through the 
system, groups of ends are tied together by knots. The 
operators then tie together all three elements (drop wires, 
harness framcs and reed) to prevent any end breakage during 
movement of the bcam, which is thcn ready to be placcd on 
the loom. 
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Machine Drawing-in 
Hand drawing-in is a time consuming operation, and it has 
been made fully automatic. There are two systems available, 
namely : 

(1) Three machines each performing a single operation; 
a wire-pinning machine, a drawing-in machine and a 
reed-denting machine. 

(2) One machine for drawing the warp through all the 
elements. 

The machines used in these processes employ a pattern 
c h i n  to control a selector finger which selects the warp 
threads sepa~ately and delivers them to a hook which draws 
them through the required element. The machines are very 
expensive and require a special type and shape of heddle. 
Accessories are needed to facilitate the preparation of the 
machine for drawing-in. Examples include a pattern punch- 
ing machine and a heddle counter to determine the number 
of heddles required on every harness frame. A certain level 
of efficiency and continuous use of the equipment are neces- 
sary if the use of such machines is to be economically justi- 
fiable. A modern warp drawing machine may be able to 
handle some 6000 ends per hour, but the speed achieved is 
dependent on the specific conditions (see Table 7. I ) .  Machines 
are available to deal with one or two warps, flat or leased, 
and with different widths. 

The Drawitg-in Draft 
This indicates thc pattern in which the warp ends are arranged 
in their distribution over the harness framcs. Wherever 
possible, the ends which are to be woven similarly should be 
drawn through the same harness frame. Tliis rule is applied 
when the density of warp yarns does not exceed 8 end/cm 
(20 endhnch) on a single row harness or 16 endcm (40 
endhnch) on a double row harness (see Fig. 7.2). For 
example, a plain weave fabric with 32 endcm (80.endhch) 
will require either 2 double-row harnesses or 4 single-row 
harnesses. For dobby weaves it is recommended that the 
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TABLE 7.1 

Tying-ia Rater for Typical Cases 

Case Number 1 2 3 4 

Yarn type 

Yam count 
Yarn linear density 
Type of warp 

Endlcm 
Endlinch 
No. harness frames 
Type of draR 
Banks of drop wires 
Endsldent in the reed 

Cotton 

3612 
33 tex 

Flat sheet 

35 
90 
8 

skip 
4 
2 

Spun 
rayon 
2512 

48 tex 
Flat sheet 

24 
60 
16 

Skip 
4 
4 

Filament Worsted 
acetate 
154/41 2/50 
17tex 18 tex 
1 x 1  1 x 1  
lease lease 
35 31 
90 80 
6 12 

Straight Skip 
4 6 
2 4 

Av. speed in endslhr 4800 3800 5000 4000 

DOUBLE SINGLE 
ROW HARNESS ROW HARNESS 

Fig. 7.2. 



number of ends per harness should be as nearly equal as 
possible. 

There are three different methods for the yarn arrangcnient 
in the drawing-in draft, these are: 

( I )  Straight (in+ (Fig. 7.3(a)). 
(2) Poirt/eJ th.q/i (Fig. 7.3(b)). 
(3) Skip draft (Fig. 7.3(c)). 

These represent both the harnesses and the warp ends; each 
vertical row in the draft represents one end and each hori- 
zontal row represcnts onc harness. The bottom horizontal 
row is normally the first or the front harness. The harness 
capacity ot the loom to be used must be known before the 
drawing-in draft can be decided. The drawing-in draft must 
be known not only to the drawer-in but also to the weaver, 
who will be able to draw broken ends during weaving. Any 
misdrawn end will produce a fault in the fabric. 

The drawing-in draft varies with dilferent fabric designs 
as discussed in Chapter 9. 

The Reed Plan 
The reed plan indicates the arrangemcnt of the warp ends 
in the reed dents. It is p w a l  practice to draw more than 
one warp end in a reed dent. This allows the iise of reasonable 
wire dimensions and niimbcr. Ncwiially 2 ends/dent for the 
body of the fabric and 4 cnds/dciit for the selvagr. is a rc;isoii- 
able combination. Hobever, in ninny cnscs. 3 or 4 ends/dent 
are used. The reed plan can be citlier regular or irregular 
depending on whether or not the same number of ends per 
dent is used regularly across the w i d t h  of lhc body of the 
warp. Some dcsigns require the iisc of‘ dill’crcnt numbcrs of 
ends per dent in the body of thc fabric to producc certain 
effects in the fabric. 

Ty ing-in 
Tying-in is used when a fabric is being iiiass produced. The 
tail end of the warp from the exhnustcd warp bean1 is tied to 
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HARNESS 

ENDS 

HARNESS 

(b) 
ENDS 

4 

5 

2 

1 

HARNESS 

( C )  

ENDS 

Fig. 7.3. (u) Straight drufl. (b) Poititel drafl. (c) Skip draJl 
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the beginning of thc new warp. Two types of machine are 
used : 

(1) Statioitai;v itmi-hitres. The tying-in takes place in a 

(2) Portable ittcrchiiicx These are used at the loom. 

Stationary machines have the disadvantage that they 
necessitate moving the exhausted beam and all its parts from 
the loom and taking it to and from the tying-in department. 
However, they have the advantage of permitting maintenance 
of the loom to be carried out. 

The time taken to tie-in a complete warp depends mostly 
upon the total number o f  cnds in that warp, but it is also 
affected by secondary factors which tend to retard produc- 
tivity. For example, a color stripe must be tied in proper 
register and the operator will have to stop tying if there has 
been a broken end in  order to adjust thc machine to give 
proper register. Tlie count and type of yarn (together with 
the reed and hedgle details) deterrninc the type of knot to be 
used and this affects tlie rate of  kiiottiilg. Also the nature of 
the yarn can affect the breakage rate di.u-ing knotting, and 
thus influencc the total time nceded for tying-in. 

The capacity of warp-tying machines has remained un- 
changed for years. A capacity of about 600 knots/min 
appears to be the maxiniwn. The innchine can deal with flat 
warp or leased warp and with a warp width of about 5m (5 
yd). The sequence of operations is normally as follows: 

(1) Tlie niacliiric sclects the warp cnds from the new beam. 
(2) It sclccts thc corrcspoiiding cnd from the old beam. 
(3) It ties the two ends togclhcr a i d  iiiovcs to tlie next, 

Following the tying-in process, all knots arc pullcd tlirough 
to the cloth roller, the drop hires, hcddlcs and reed.; the 
loom is now ready for operation. 

A similar process can be used whcre similar (but not 
identical) fabrics are to bc produced. Obviously, idcntical 
drawing-in draft and reed plans arc rcy uircd. 
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THE FUNDAMENTALS OF FABRIC STRUCTURE 

Key Words ; aspect ratio, basis wiglit, I:icc.uicil I o d  corer 
factor, contraction, corTeriitg power. criii7p. cw’ i i i p  c..wlic;ii~;c 
(crimp ittterckattge). criiiip factbr, fiibric ~ ~ c ) i i ~ ~ t ~ i i c . t i ~ ) i i .  ,Jilhsic 
extension, Itand. janimitig, pluiit weace, slit j i l i i i ,  .sqiiuw 
construction, uniaxial load. 

The Structure of a Weave 
The warp and filling may be interlaced in a variety of patterns 
to produce fabrics which are siirprisingly flexible and yet are 
strong and durable. These characteristics arise from the 
structure of the fabric itself and also from the striicture of the 
yarns which are used to make it. Obviously, if stiff wire were 
used to make a fabric, the fabric would also be stiff. and this 
would be the case no matter what type of weavc was used. On 
the other hand, it is possible to weave very flcxible strands 
into fabrics with a very widc range of stitrnesses dcpciitling on 
the fabric structures used. 

The way i n  which thc component yarns are assembled 
enables a very wide range of patterns to bc midc. merely 
by varyiiy the wave. Thcsc patterns. which can bc eithcr 
large or small, arc obvioiisly iniportant i n  tcxtilcs which 
are used for their decorative elTcct. 

Varying thc weave varies thc facility with which tl;c coiii- 
ponent yarns Cit11 move rclittivc to one iiiiothcr, with the 
result that the shear charilctcristics of the iiintcrial are 
affectcd and, in turn, the drape. 

Theorctically, it is possiblc to design n fabric structure 
to producc thc characteristics dcniandcd, but in practice this 
is not quite so easy as it may sound. For example, oftcii it is 

134 



difficult to obtain ;I complctc spccification of thc fabric 
needed for a given elid iisc, particLilarly wlieii i t  is fashion 
rather than utility which dictatcs the sort of material to be 
used. Complete case histories of the, iiiaiiy types of fabrics 
are availablc in well doct!rncnted forms, and the motivation 
to reduce the mattcr Lo fimdamelltal priiiciplcs is reduced, 
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RUBBER BANDS 

GLUED ASSEMBLY IS STIFF (b)  

NOTE: SHAPE OF EN0 
SHOWS HOW LAYERS 
SLIP OVER ONE ANOTHER 

! C )  

BENDING RADlU 

UNGLUED ASSEMBLY IS FLEXIBLE 

Fig. 8.2 

Also, it is far from cnsy to analyze a fabric in scicntific terms, 
let alone synthesizc the charnctcristics; in g ~ ~ e i x l ,  thcrcfore, 
the art of fabric analysis and synthesis has been based on 
craft knowledsc rathei' than science. I-lo\vevcr. thc scientific 
approach can provide a dccper ~ui~cicrstancling of the factors 
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involved and, for this reasmi, a simplified scientific analysis 
of some fabric structures will be made. 

The StiJiies.7 of Various Asseirihlics of Fibers 
If a rod is divided into portions i n  the fashion indicated in 
Fig. 8.1, then the stiffness of the asscmbly will be reduced. 
If the rod is divided into many component fibres, the stiffness 
will be further reduced. I t  is tlie sinallncss of diameter of tlie 
individual fiber that makes possible the high degree of 
flexibility which is normally associakd with a textile material. 
To take the fullest advantage of the inherent flexibility, it i s  
necessary to give the individual fiber the greatest freedom of 
movement possible and, in particirlar, the amount of shear 
energy which can be transmitted from one fiber to its neigh- 
bors should be at a miniiiiiini ( in  other words, the fibers 
should be able to slip over one another). 

Two paper models may bc used to demonstrate this 
relationship between flexibility and structure. I n  both models, 
similar strips of paper are arranged in the form of a rectang- 
ular prism as shown in Fig. 5.2. In [he one case, the strips are 
fixed together only at one end. In the other case, the strips 
are glued together tisin? a minimum of slue. The first model 
will be found to bc extremely flexible and the minimum 
bending radius when held as ii cantilever will be very small 
(see Fig. 8.3(c)). Thc glued niodcl \sill be very stiR' because 
the elements cannot slip over one another and cannot act 
independently. 

A textilc material lies i:surilly betwcn these two extremes. 
Sometimes fibers are bondcd t o p h c r .  M Iiich tcnds to make 
the striictiire stiff. Freqtiently. the fibers are held togcther by 
frictional foxcs arisin; from the disposition of the com- 
ponents i n  the structure. Tlic effcct of frictioiinl forces can bc 
simulated by placing rubber bands aroiind thc first (unglued) 
model. When the rubber bands n e r t  a fairly small lateral 
force, the assembly is stifT' for the first small incrcment of 
distortion because' thc frictional fwces are not o\crconie 
iiid the asscmbly bshaves a5 a stiff solid body. A large 
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A 

FORCES ACTING ON YARN A 6  ASSEMBLED INTO A FABRIC 

1, AND T2 = TENSION 
IN YARN X Y  

F - NORMAL FORCE 
APPLIED BY 
YARN AB 

( b )  

7 
I THESE FORCES MUST 
F BE IN EPUILIBRIUM 

FORCES ACTING AT A TYPICAL CROSS-OVER 

ng. 8.3 

distortion can produce a lower apparent stiffness and yet a 
further small distortion will again make it appear to be stiff. If 
the rubber bands exert a large compacting force, the assembly 
will have to be grossly distorted to produce other than the 
solid body stiffness. Thus it is not surprising to find that 
a sized yarn is stiffer than an unsized one or that a high twist 
yarn (which has large compacting forces) is stiffer than a low 
twist yarn. 

In the case of fabrics, a material made from sized yams 
is much stiffer than that made from unsized yams or a fabric 
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from \which the size has been removed. "Hard" twisted 
yarns (i.e. highly twisted yarns) will make a fabric Stiffer 
than a fabric made of low twist yams; also, there will be a 
difference in the tactile character of the fabric, the fabric 
from hard twisted yarn feels harsh to the touch whereas the 
fabric from low twist yams feels soft. 

FABRIC IN NORMAL STATE SHEAR DEFORMATION IN FABRIC 

Fig. 8.4 

When assemblea into fabric, the yarns exert forces upop 
one another at the crossovers (Fig. 8.3) and these forces act 
like the rubber bands in the model. In a very tight structure 
where considerable yarn tensions are involved, the fabric is 
likely to be stiff. Conversely, a loose structure is likely to 
be flexible and soft. A loose structure allows yarns to move 
more easily over one another at the crossoiers, which makes 
shear deformations easier (see Fig. 8.4). This in turn makes 
it easier for the fabric to mould to a surface and drape well. 
In finishing, the aqueous treatment will often release some 

of the compacting forces and allow fibers more freedom, 
with the consequence that yarns and fabrics tend to bccome 
softer. Laundering and use generally have a similar 
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Fig. 8.5 

Fabric Geometry 
Yarns are interlaced into a n  interlocking structure to 
produce a sheet-like material which has a three-dimensional 
macro structure (Fig. 8.5). The Heave shown in Fig. 8.5 is a 
plain weaw and although there are niany other patterns of 
weaving, this particular one has been chosen for illustration 
purposes because it is the simplest. 

Frequently, a woven fabric is iiscd to obscure whatever 
lies beneath it and in siich cases the covoiiig power of the 
material is important. Thcre are two aspects of covering 
power, viz. the optical and the geometrical. The optical 
aspect is a function of the readiness with which the surface 
of the material reflects and scatters the iiicident light. The 
geometrical aspect is a function of the extent to which the 
superficial area is covered by the coinpoilent yarns. 
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The optical effects arse controlled by the nature of the 
fibers and the surfaces presented to the incident light. 
Certain fibers are more opaque than others; for example, 
nylon can be supplied in dull or bright forms, the dull form 
reflecting more light than the bright form, which transmits 

V AREA COVERED & BY WARP 
AREA COVERED @ 4 BY FILLING 

AREA COVERED 
BY BOTH 

Fig. 8.6. Con? factor 

more of the light to give a translucent efkct. For a given 
fiber, optical characteristics are also affected by thc structure 
into which the fibers are fitted. Thus both the yarn and 
fabric structures will influence greatly the overall optical 
behavior. Dyeing and finishing will also play a part. 
Continuous filament yarns tend to be less opaque than 
staple yarns, high twists tend to produce less covering power 
than low twist yarns for a given geometry.. 

The geometrical aspect may be defined by the c'otur.fnctor*. 
(This differs from covering power, which takes into account 
the optical effects; cover factor is concerned only with the 
geometry.) Let thecover factor be defined i n  terms of projected 
areas. Seen from above, the material illustrated i n  Fig. 8.5 
would appear as shown in Fig. 8.6. and the projected areas are 
those seen in this way. The diagrams in Fig. 8.6 show in a 
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qualitative manner what is meant by cover factor, It should 
be noted that 100 per cent cover factor does not mean that 
the fabric is impermeable. Air can pass quite readily through 
interstices of the weave and the permeability of the fabric as 
normally measured is not a direct function of the cover 
factor. It is, of course, related to it. 

Unfortunately, many of the terms used have a variety of 
meanings in commercial use and it is important that the de- 
finitions used should be clearly iinderstood. For example, 
cover factor is freqaently taken to include all the various 
factors mentioned whereas in other instances it is taken as 
quoted here. Thus care is needed when using these terms. 

Cover Factor 

Let dw = the width of the warp yam as it lays in the fabric 
df= the width of the filling y p n  as it lays in the fabric 
hw = the pitch of the warp yarns, 
A, = the pitch of filling yarns. 

The warpwise cover may be defined as 

and the fillingwise cover be defincd as 

The percentage fabric cover factor 

total area obscured 
area enclosed x 100 per ccnt Clob = 
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= (C, + Cw - CJCw) x 100 per cent (8.1) 

Thus if C, = 1.0 then Cfub = I00 per cent irrespective of 
the value of C, but as C,c changes so will the permeability; 
this is an illustration of the lack of direct relationship 
mentioned earlier. The same argument applies if Cf and 
C,. are interchanged. A further point is that Cfub # 100 
per cent unless either C, or C,,, = 1.0. With a plain fabric 
using conventional yarns it is almost impossible to make 
either Cf or C ,  = 1.0. However, with slit Jht-which has 
very little thickness as compared to its width-it is possible 
to approach these values. Also by using other weaves. where 
the yarns can “pile up” as shown in Fig. 8.7. it becomes 
possible to approach 100 per cent cover. 

:KEO 
TO 
COVER 

Fig. 8.7 
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Fig. 8.7(a) 

Crimp 
The yarn at  the edge of a piece of fabric (direction X i n  
Fig. 8.5.), appears to be wavy, as illtistrated in Fig. 8.7(a). 
In  general terms, this waviness is called crimp. I t  has 
important effects on the dimensions and performance of 
the fabric; for example, the existence of crimp means that 
the lengths of filling or warp yarn required are greater than the 
width or length of the cloth. Since the hmi.7 iw(q/zt of the 
fabric (which is usually measured in oz/sq yd) depends not 
only upon the linear density of thc yarns iiscd but also on 
the total length of the yarns assembled i n  the fabric, it is 
apparent that the crimp has to be takcn into account. Other 
parameters are also affected, wliich will be discussed later. 

There are two alternative ways of defining crimp: 

<[- .u) . 100 per cent 
(a) crimp fuctor (S) = (8.2) 

X 

or 
(e- x) . 100 per cent 

e (b) confraction = (8.3) 

where& = length of  yarn before criiiiping, 
x = length or width of the fabric. 
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l a n d  s are measured in the same direction. 
Equation 8.2 is often expressed in the form 

e= x ( l  + S) (8.2a) 

A theoretical value for the crimp factor may be obtained 
by assuming that the yarn is forced into sinusoidal shape as 
depicted in Fig. 8.7. In other words the shape of the crimped 
yarn may be expressed mathematically by the following: 

(2nx) h = A sin - 1 (8.4) 

The symbols are described in Fig. 8.7(a). 
As shown in Appendix 111, the true length of the yam is 

given approximately by the following expression: 

L- 1 [l + (37 (8.5) 

From this latter expression it is simple to derive the crimp 
factor, namely 

crimp factor == (?I2 x 100 per cent (8.6) 

This approximation is good for a plain weave but it is 
necessary to modify it for other weaves. 

If the warp were made out of stiff bars of tiictal and both 
warp and filling were perfectly circular, thcn the situation 
shown in Fig. 8.8(a) would exist, and 

This is not a practical situation because such a imlbaliince 
is rarely met and there are forces acting which cause the warp 
to become crimped at least to some extent (see Fig. 8.8(b)). 
When this crimping takes place, not only is the element of 
warp moved bodily away from its original position but it is 
squashed hito an eyc shape. Hence it is not very meaiiiiigful 
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ARROWS SHOW FORCES 
ACTING ON YARN PQ 
WHICH TEND TO CREATE 
CRIMP IN PQ 

CRIMP DEVELOPED - 
IN BOTH DIRECTIONS 

I E  8.9 

1 
TENSIONS T SQUASH A YARN 
PERPENOlCU,LAR TO PAPER 
INTO AN EYE SHAPE 

Fig. 8.8 

to talk about the yarn diameter ( t l ) ;  rather it is necessary to 
talk about the yarn depth and width which are shown as 
p and 4 in the diagram. The value 4, the width, aflects the 
cover factor very strongly and p, the depth, affects the 
crimp. As a very rouoh ? approximation. pq iiiay be taken as 
proportional to the linear dcnsity of thc ~ a r i :  (or invcrsely 
proportional to thc yarn count) for a given lcvel of twist. 
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The values of p and q are greatly affected by the yarn twist 
because a softly twisted yarn will squash much more readily 
than a hard twisted yarn. Let the ratioplq be termed theaspect 
ratio. A flat tape, such as is now commonly used for making 
carpet backing, might have an aspect ratio as low as 0.01 
(which means that it will have excellent cover and a low 
crimp factor), whereas a highly twisted yarn will have an 
aspect ratio approaching 1.0 (which gives poor cover and 
high crimp). A normal yarn assembled in  a typical fabric 
might have an aspect ratio varying betweell 0-6 and 0.9. 

As a comparative example of the interrelationship con- 
sider two fabrics of the scme construction, where 2 = 6d 
and where the same yarns are used and the value of ply is the 
same for both warp and filling. In the first fabric p/9 = 0.5 
and in the second, p / q  = 1.0. If the yarn in the first case is 
squashed into an elliptical shape, then p q  = d2, whence 
q = I-4ldand p = 0.71d. This is an approximationpurelyfor 
the purpose of explanation. 

The cover factor 
Club = (C, + C, - C,C,) 100 per cent = 72 pcr cent 

whereas if the yarn had not squashed,the cover factor would 
have been only 55 per cent. Assuming the crimp amplitude 
to be the same i n  both directions; for ,the squashed yarn 

A = p / 2  = 0.352d 
and the crimp factor 

(0.352 7 d ) 2  
x 100 pcr cent = (6dj2 

= 3.4 per cent 
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ALL ANGLES e REPRESENT TRUE ANGLES 

Fig. &9(a). An enhrgement of inset in Fig. 8.8(b). 

RELATIVE TO THE PLANE OF THE FABRIC 

whereas with the unsquashed yarn the crimp factor would 
have been about 7 per cent. The yarn which sqiiashed would 
give a basis weight of (1*034/1-07)2 x 100 per cent = 92.3 
per cent of a similar fabric made from unsquashed yarns. 

The fabric thickness will be about 2p and 2d respectively; 
in other words, the yarn which squashes will give a fabric 
which is about 71 per cent of the thickness of one i n  which 
the yarn does not squash. This affects the flexibility and 
softness of the fabric which in turn afrects the h i d .  

It can be seen from this illustration that crimp is related 
to many aspects of the fabric. It affects the cover, basis weight, 
thickness, flexibility, softness, and hand of the PdJric. When 
malbalanced it also affects the wear behavior and appear- 
ance of the fabric, because the exposed portions tend to wear 
at  a more rapid rate than the rest. The crimp balance is 
affected by the tensions in the fabric during and after 
weaving. 

Efect of Tensions 
Consider a single cross-over of warp and filling as shown in 
Fig 8.9(a) and for simplicity assume that the warp and filling 
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PLANE OF 
FABRIC 

c 
"'/*c 

\ 

It may be helpful to consider the above as 
three planes as shown to the side. The resolvcd 
warp tensions act in plane A, the resolved 
filling tensions in plane C and plane B is that 
of the fabric 

Fig. 8.9(b) 
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yarns are of the same count and twist. Bwausc of  thc crimp, 
the yarn tensions act at various ansles to the planc of the 
fabric and these tensions may be resolved into two directions 
in the plane of the fabric and one perpendicular to it. The 
resolved components of the four tensions must balance to 
give equilibrium. Consider first the components lying in the 
plane of the fabric. For simplicity assume the tension acting 
along a given thread is always constant (this is not normally 
so because of the effects of friction). In the case of the warp 
direction Tl = T, and since TI  cos 8 ,  = T, cos 8, to give 
equiIibrium in the warp direction, then 6J1 = 8,. Since 
equality of tensions and angles have been assumed, let these 
be referred to as T, and 8,'. A similar argument can be 
applied in the filling direction, therefore T2 and T, can be 
replaced by T, also e2 and 6, by 8,. 

In the dkrection perpendicular to the plarie of the fabric 

rl sin 6, + Ti sin 8, = T2 sin 0, + T~ sin 

Whence 

2Tw sin 8, = 2T, sin e, (8.7) 

Assuming that the crimped yarn is sinusoidal i n  shape as 
in Fig. 8.7 

2n.x h = A sin - I 

dli 2nA 27s 
dx il 1 cos - -- -- 

At the point wherc the yarn intcrsectx tl;c plarie or thc fabric, 
x = 0 and cos ( 2 ~ . ~ / 1 )  = 1.0 therefore dh dx = ( Z n A / A )  but 
d1zld.Y = tan 6.  When 4 is sinall tan 0 2 sin 6.  (This i s  
another way of saying cm 6, 2: 1.0; which is 1riic within 
10 per cent when the half angle 0 < 2Y.)  Thus for small 
crimp amplitudes, it is a fair approximation and certainly 
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for the piirposcs of explanation we may rewrite equation 
(8.7) as: 

T, tan 6, = T, tan 6, (8 .8) 
Whence 

and 

(8.10) 

In  other words, the crimp amplitude is dictated by the 
tension and spacing of the yarns. If the filling (or the fabric 
in the filling direction) is kept at low tension whilst the 
tension in the warp direction is high, then there will be 
considerable crimp in the filling and very little in the warp. 
In  simple terms, the tension in the warp pulls out the crimp 
in that direction and in so doing puts more into the filling. 
This process is called c*rirttp escltange (crimp interchange). 

Equation (8.10) also shows that the construction of the 
fabric is important. If there is a high pick density (i.e. the 
# pickslinch is large or Xf is small) and a low end density 
(Aw is large), then the crimp in the filling will be small and in 
the warp it will be large unless the tensions are adjusted to 
compensate for it. This possibility of compensating 
imbalances in tension by varying the fabric structure or of 
cornpensating for the effects of fabric structure by varying 
the tension is very'important. A good understanding of this 
is essential to the art of weaving. 

At the beginning of this section it  ViaS arbitrarily assumed 
that the yarns werc all ot' the same count and twist. but in  
fact this is rarely so. These factors determine the stitbless of 
the yarns and, even though the preceding simplified analysis 
does not show it, the stiffness of thc yarns does affect the 
crimp interchange. Therefore, the equations given arc at best 
no more than an approximalion and they should be used with 
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considerable caution; however, it is hoped that they are 
of help in understandins the process. 

If a smooth surfaced fabric is required and the yarns ai'c 
unequal, then, from purely geometrical considcrations, the  
crimp has to be adjusted so as to bring thc crests of the yarns 
into a single plane. This involves an increase of crimp in  the 
thin yarn and a decrease of crimp in the thick onc. Where the 
twists differ, the amount by which the yarn squashes also 
differs and this also has to be taken into account. Where ribs 
are required, the adjustment has to be in  the other direction. 
Bearing in mind that the crimp is related to most other 
fabric parameters, it will be realized that the matter is com- 
plex and is beyond the scope of this book. 

Fabric Weight 
Generally, the weight of a piece of fabric is the combined 
weight of the warp and the filling yarns. but if the fabric is i n  
the loom state, allowance must be made for thc weight of 
size material on the warp. Also allowance has to be madc 
for the crimp which changes in finishing. Consider both 
metric and imperial units. 

Let L = length of fabric (meters or yards) 
w = width of fabric (meters or inches) 
Sw =warp crimp factor 
Sf= filing crimp factor 
QW = length of a single warp yarn (meters or yards) 
Qf = length of a single filling yarn (meters or yards) 
N,= warp yarn number in cotton count 
Nf = filing yam number in cot ton count 
nw= linear density of warp yarn in tex 
nf = linear density of fdling yarn in tex 
mw-= end density (ends/meter or ends/inch) 
mf = pick density (picks/meter or pickslinch) 
W B  =basis weight (g/m2 or oz/sq. yd.) 

From eqn. (8.2a), length of a single warp yarn 
Qw = L(1 + S ,  meters or yards 
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Therefore, total length of warp yams 

= mw w Ilw = mw w L (1 + Sw) meters or yards 
Total length of filling yams = mfw L (1 + Sf) meters or 
yards 
Consider the metric case first. 

m w w L ( l + S w )  nw 
gram (8.11) 1000 Mass of warp yam = 

rnfWL(l+Sf)?Zf 
gram (8.12) 1000 Mass of filling yam = 

Mass of fabric, excluding size, is the sum of the above 
W L  - -  - 1000 (mwnw (1  + Sw) + mfnf(1 + Sf)) 

- (mwnw (1 + S,) + mfnf (1 + Sf)) 
Basis "weight" W = Mass of fabric + Area 

1 
1000 (8.13) - - 

Now consider imperial units. 
m, w L(l + S) 

Weight of warp yarns = 840 Nw pounds (8.1 1 a) 

Weight of filling yams = m f w  840 L(l Nf + sf) pounds (8.12a) 

Weight of fabric, excluding size, is the sum of the above 
but if w is measured in inches (as is normal) then a factor 
of 36 has to be introduced to calculate the basis weight 
and 

mw (1 + Sw)+ "7f( l+ Sf) 
lb/sq.yd. 

Nw Nf 
Basis Weight = 0.043 

(8.14a) 
or in more normal units, 

"f(1 + s  1 
Nf (8.14a) oz/sq.yd. mw (1 +Sw) + W = 0.60 Nw 
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Consider a special case in which the fabric has a square 
construction, i.e., the same yarn number for both warp 
and filling and the same end and pick densities. 

mw = mf= m 
In this case the basis weight is given by:- 

w = 0.69 “1 [ (1 + Sw) + (1 + Sf)] oz./sq.yd. (8.15) 

It must be realized t!iat even if the sninc yarn number is used 
for warp and filling, the crimp levels may still be different 
due to the difference in yarn tension and twist. 

‘Generally speaking, eqn. (8.13) gives the weight of the 
finished fabric. but it is possiblc to lose lint which will reduce 
the weight accordingly. Usually this loss is very small and 
can be neglected. The loom state basis weight has to be cal- 
culated to take into account the amount of size on the 
warp. Let Z = percentage size pick-up on the warp + 100 

Nw = Nf= N 

N 

Mass of size = eqn (8.1 1) x Z 
or = eqn (8.1 la) x Z (8.16) 

In metric units, the weight of greige fabric 

W L  
1000 = -  (mwnw(1 + S w ) ( l  + Z ) +  m p l ( 1  +Sf) 8.17) 

and Basis Weight for greige fabric 

1 
(mwnw (1 + SW) ( 1  + Z) + mfnf(1 + Sf)) wg = 1ooo 

gram/sq meter 

(8.18) 
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in Imperial units, the basis weight for greige fabric 

(8.18a) 

Equation (5.13a) is uscful whcn considering finished 
fabrics and cqii. (8. I X )  is tiscfiil when considcring thosc loom 
stale fabrics which are sold 011 a weight basis. 

Fahsic E.vtension 

When fabric is subjected to tension in a single direction, it 
extznds fairly easily un t i l  most of' the crimp has been re- 
moved and then it becoines stiffer. l'hc latter e!Tect is con- 
trolled mainly by the character of the yarn. Thus there 
are two principal mechanisms of extension. thc first arising 
from changes in the fabric strtlctlire and tlie second from 
chanzes i n  the yarn striictitrc. There is no distiiict boundary, 
rather it is a case of a chaiise i n  emphasis: fiirtl!ermore, the 
effect of friction has to be taken into account. but for the 
present let this be ignored for the sake of simplicity. To 
show tlie effect of fabric structwe, let the extensibility of the 
yarn also be ignorcd. From cqii. (Wa), tlic lciigth ofa crimpcd 
yarn 1 = A ( I  + S ) ,  whcre S = criiiip factor = (v.A,!A)~. 

After extension let the waveleiigtli = A, aiid the crimp 
factor be S,, the length I reniaiiis thc s m e ,  thcrcforc 

l = A ( l  + S ) = & , ( I  + S e )  

whence 

Fabric extension = ('c - x 100 pcr cent 

= - I )  x 100 pcr cent (8.19) 



= -  (7 T I, x 100 per cent 

In other words, the fabric extension is a function of the 
change in crimp. With inextensible yarns. the initial crimp 
level would be the limiting extension biit, as has been shoivn 
earlier, crimp in one direction is only changed at the expense 
of the crimp in the other direction. For example. if the fabric 
were subjected to sarpwise tension (which teiids to straighten 
out the warp) it could only extend if the crimp i n  the filling 
was increased or if the yarns themselves extend. If, for any 
reason, there was a restraint to prevent the increzse in crimp 
in the filling direction, this would be felt as ii change of stiffness 
in the warp direction. For this reason, behavior nhen tension 
is applied in a single direction (iuiiuvid k ~ d :  i s  3iITerent from 
behavior when tension is applied in t w o  tiiixtions (biasid 
load). This can be expressed in mathenlatical terms as follows: 
From eqn. (8.10) 

T w  3: A ,  A," 
Tf 4 A, 
--- 

(8.20) 

In other words, when tlic yarns arc i n  contact and the 
fabric structure permits fi-ec movement, the warpwise tension 
is a f~inction of the filling tension and the ratio of the crimp 
factors. When the fabric ~ U ! I I S ,  a Jiffcrent situation exists 
because the crimp can de\dop iio further atid the thickness 
of the yarns prevents any further contraction. 
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WOVEN FABRIC DESIGN 

Key words : ahsasion rcsistiiiicc, haskct II*(WUC, balanced twill, 
counter, crease r:isimnc:., crimp r c i i o i d ,  cross-section, 
crowns, dccriiiipiiig, tkcsigil, t l i . t r p ,  drai\i i ig-i i~ drrtft, fabric 
count, fancy r ib wace. j i l l i i ig  )ace 111 <ill, fil l ing r ib  weaL;e, 
j l l i n g  sariits, floats, liftiiig pltm, pattesii, rc;ching twill, reed 
nwnbw. rced plan, i'cpear, siitiiz, surcen, scliage motion, 
sqirare constrircti,)ii, sq.rive tics&! p u p * ,  ~y;rai.e wearc', steep 
twil l, stitched basket wart; tliiuad diagTain, 45" twill, trcill 
weare, warp, warp face twill, warp rib, w a w ,  wicltli in reed, 
yarn count. 

The fabric weave or design is the manner in which the warp 
and filling are interlaced. l h e  p u t ! c ~ i ~ i i  or rc~pmt is the 
smallest unit of the weave which when rcpeated will produce 
the design required in the fabric. There arc many ways of 
representing a weave, a most familiar mctliod being to use 
square desigrt pappr. The use of t h r w i  dingranis and cross- 
sections is another effective method of representation. 
Figure 9.1 shows a thread diagram, warp and filling cross- 
section and square papcr representation of a plain weave. 
On the design paper, the vertical rows of squares represent 

warp ends and the horizontal rows of squares represent 
filling picks. A mark in a small square indicates that at rhis 
particular intersection, the warp end is shown on the face 
of the fabric with the pick beneath. I t  is normal to use a 
filled in square to indicate that the end is over the pick and 
a blank square to indicate that the pick is over the end. 
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ONE REPEAT 

WARP CROSS-SECTION 

Fig. 9.1. PIuin n*ruie 

Plain Weave 
From Fig. 9.1 it can bc scen that thc plain \ie:ivc repeats 
on 2 ends x 2 picks. The plain fabric cdniprises ii high 
percentage of the total production of woven f:ibrics and it can 
be prodiiced on a loom %ith  2 harnesses. I r  has the hifilest 
number of interlacings as compared with other ~.cavc's and 
therefore it produces the firmcst fabrics. 

Oriiariturirarioii o j  Plniri Cloth 

The appearance of a plain fabric ciin be cliangcd in inany 
wajs, hli ich can bs summarized as folloi\s: 

1.  The Use of Color 

In the warp direction, color stripes are produced along the 
length of the fabric; in the filling direction, colour stripes 
are produced across the width of the fabric. When used in 
both warp and filling directions a check effect is produced. 

2. Changing Yarn and Fabric Counts 

Stripes and check effects can be produced by using different 
fabric count oryarn count in one or both directions. Also rib 
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effects can be produced by using different yarn counts and 
different tensions as shown in Fig. 9.2(a). 

3. Cliangirtg the Yarn Twist 
Using combinations of different twist leveis and directions 
in the warp or filling (or both warp and fifling), different 
effects can be produced in the fabric due to the changes in 
orientation of the fibers, as shown in Fig. 9.2(b). Also 
different amounts of twist produce different shrinkage 
characteristics in direrent parts of the fabric and so change 
the appearance. 

FILLING (a )  RIB EFFECT 

PROOUCEO BY USING COARSE FILLING. 
FINE HIGHLY TENSIONED WARP ENDS 
ARE ALTERNATED WITH COARSE 
SLACK ONES. 
REWIRES 2 WARP BEAMS AN0 1 SHUTTLE 

CROSS-SECTION 

( b )  EFFECT OF TWIST 

In ul 

N ul 

Y, ul 
N ul 

Fig. 9.2. W e c t  of yarn count and twist on plain weave fabrics 

4. Difkren t Fin ishing Tech 11 iqucs 
Treatments such as dyeing, mercerizing with caustic soda or 
coating can change the characteristics of the plain fabric. 

5. Any Cornbillation of the Aboce 
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2nd pair of 
FILLINGS 

1st pair.of 
FILLINGS 

2 x 2 WARP RIB ( a )  WARP RIB W E A V E S  

( b )  FANCY WARP RIB W E A V E S  

Fig. 9.3. Warp rib 'weaves. 

Variations of the Plain Weave 
Somc fabrics arc con4dered to hc derivatives of tlic plain 
weave. These are. in cffcct. cxtciisions of the simple inter- 
lacing and, like plain w e a q  they can bc produced on a loom 
with two harnesses. 

Wurp Rib W w w  
In this, the extension of the plain weave is in the warp direc- 
tion, as shown by Fig. 9.3.3); the warp waves i n  the same 
order as in the plain fabric. namely, every two adjacent ends 
wcavc opposite to each other. The filling weaves i n  groups 
of 2, 3 or morc and every group weaves opposite to the ad- 
jaccnt groups; thc rcpcat is always on 2 cnds but any num- 
bcr of picks may bc involvcd. The wart is denoted by 
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showing the number of picks in the group above and below 

a line, i.e., as - warp rib weave or sometimes as 2 x 2 warp 

rib weave. Although the weave is called warp rib it actually 
produces ribs in the filling direction. To obtain the best 
results it is usual to use fine warp and coarse filling in order 
to show the rib more clearly. The fabrics are normally 
lighter in weight than plain weave fabrics because of the 
lower level of crimp. The fabrics are also softer and more 
flexible than the plain fabrics. 

In weaving warp rib weave on a single shiittle loom, it 
is necessary to use a sdrage iiiotioti to ensure proper binding 
between the picks and the selvage warp. This is because more 
than one pick is inserted in one shed and unless the pick is 
bound at the selvage, the shuttle will pull the pick out of the 
shed on its second traverse. 

2 
2 

FILLING4 

FILLING 3 

FILLING 2 

FILLING 1 

(3issi3 
2 x 2 FILLING RIB 

( a )  FILLING RIB WEAVES 

(b) FANCY FILLING RIB WEAVES 

Fig. 9.4. Filiing rib weaves 
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2 x 2  BASKET ( a )  REGULAR BASKET WEAVES 

( b )  SlllCHED BASKET WEAVES 

Fig. 9.5. k k e t  weaves 

Fancy rib iveaces can be produced simply by changing the 
number of picks in the groups, which changes the width of 
the rib in the fabric as shown in Fig. 9.3(b). 
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Filliiig Rib Weaue 
In this case groups of ends are woven with each group in 
direct opposition to the adjacent groups. The repeat is always 
on 2 picks x any number of ends as sliown in Fig. 9.4(a). 
The ribs produced in the fabric run in the direction of the 
warp. It is usual to use coarse warp and fine filling to em- 
phasize the rib. The fabrics are normally stronger than the 
plain fabrics because of the low crimp level. 

There is no need to use a selvage motion, since there is 
only one pick inserted in every shed. 

Fancy ribs can be produced in the manner already des- 
cribed, but by changing the number of ends in the group, as 
shown by Fig. 9.4(b). 

Basket Weaije (Mart Wcuile) 
In this weave the extension is made in both directions so 
that groups of ends and picks are woven in the same way as 
single ends and picks are woven in the plain weave. The 
weave is denoted in the manner uscd for rib weaves, i.e. as 
2 - basket or 2 x 2 basket. Fig. 9.5(a) shows the designs for 

2 x 2 arid 3 x 3 busket iveuue.~. The numbers of ends and 
picks in the repeat are always equal to the addition of the 
two numbers denoting the weave. Thus a 2 x 2 basket 
repeats on 4 ends x 4 picks, a 3 x 3 basket repeats on 6 
ends x 6 picks and so on. The weave is square and is mostly 
used with square constrirctions. 

The fabrics arc iiorinally snioothcr and niorc flexible than 
plain fabrics. nioiiily hecuuse of the loiiger,flonrs and fewer 
number of intersections. As the length of the float is in- 
creased more than (say) 1/2 cm, it is dekirable to use the 
stitching shown in Fig. 9.5(b). This stitched basket weave 
produces a much firmer fabric than the regular basket 
weave. 

It is also possible to chiiiifc thc iiuiilhcr of cnds and picks 
in the pxxips to producc f;iiic) basket H'C;I\L'S ;IS shown in 
Fig. 9.5(c). 
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W A R P  
1 2 3  

ONE REPEAT 
f TWILL 

ONE REPEAT 5 TWILL 

4 !  ! ! ! !  ! ! ' !  ! ! ! KH! ! ! ! ! I L 

% TWILL 3 'T TWILL 7 TWILL 

F&. 9.6. (a) ?-and !- twills (b) Balanced twills. 

2 1  Fig. 9.6. (c) Twill angle and direction and (d) - twill shown on page i65. 
1 2 

2 1  
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In weaving basket weaves, the use of a selvage motion is 
nIso necessary to bind the picks at the selvage. Nornially the 
selvage design is different and rib or plain selvage can be used. 

With all plain weave derivatives, thc fabrics have higher 
tensile strength, better abrasion resistance and higher tear 
strength than the same construction in the plain weave. This 
is mainly attributed to the high degree of freedom for the 
yarns to move. A rib fabric has a higher tear strength in one 
direction than in the other direction, due to the grouping of 
yarns in one direction; a basket fabric has a high tear 
strength in both directions. 

A combination of the plain weave and its derivatives is 
sometimes used i n  the fabric to produce a fancy effect with 
cords or checks which may be of the same or ditkrent yarns. 
Twill Weave 
Twill Wcaue, thc second basic weave, is characterized by 
diagonal lines running at angles varyin3 betbeen 15" and 75". 
A twill weave is denoted by using numbers above and below 

a line (such as -twill which may be interpreted as two up 

and one down in the shedding sequence). Fig. 9.6 shows 

some basic twill weaves. At (a) the -twill and the - twill 

are shown; these represent the smallest possible repeat of 
twill weaves, and one is the opposite side of the other. The 
repeat is always on a number of ends and picks equal to  the 
addition of the two numbers above and below the line 
denoting the weave. 

2 1 
A - twill or a - twill repeats on 3 ends x 3 picks. I f  the 

number above the linc is greater than thc number below the 
line, the weavc is known as iturp fuce tirill. I f  the opposite 
is true, it is a /i//iii,q fc lcv  / i r j / / .  Thcre i s  a third alternative in 
which the numbers abovc and below the line are equal 

2 
1 

2 1 
1 2 

1 2 

2 
(such as - twill) ; this is callcci balurtced t i d / .  Most twill 2 
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fabrics are made N i t h  warp face weaves. Fig. 9.6(b) shows 
some balanced twill weaves. 

The twill weave is always given a direction; a right-hand 
twill is one in which the twill line runs from bottom left to 
top right and a left-hand twill is one 13 which the twill line 
runs from bottom right to top left. Jhe angle of the twill is 
determined by the amount of shift in the points of interlacing. 
A one pick-one end shift tuill weave is called 45" t i M ,  as 
shown by Fig. 9.6(c). A twill Heave which has more than one 
pick shift and one end shift IS called smp mi// ;  if the shift 
is more than one end and one pick it is called a r~c'/i it i i ig twi/C. 
A steep twill will have twil! angles inore than 45" and a 
reclining twill will have aneles less than 45", as shown in 
Fig. 9.6(c). However. the angte of thc twill line in the fabric 
depends on the pick and end densities in the fabric. 
A 45" twill woven with the same yarn in warp and fillins, but 
with the endslinch different from the pickslin., will not have 
an actual _twill angle in the fabric of 45". 

Twill weaves can be prodiiced with more than one twill 
line in the weave. In this case, more than one number is 

used above and below the line. Fig. 9.6(d) shows a - 45" 

right-hand twill. Many variations can be produced by this 
method of design. Also. there is a vast rai?_ge of twill weave 
derivatives which are not covered here. 111 all these derivatives 
the twill lines are arranged in different patterns, such as to 
reverse the direction of the twill or to skip some ends to 
form broken twill lines. 

2 1  
2 1  

Satin and Sateen Weaves 
This is the third basic weave, i n  which the interlacing points 
are arranged in a siniilar way to twill weaves but without 
showing the twill hie .  The scitiii weave is a warp f. cite weave 
and the salerii is a fillins face weave. Sateens are sometimes 
called f?/liiig satins weave. Fig. 9.7(a) shows a 5-end (or 
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WARP THREAD 
1 2 3 4 5  

N 

2 A S  COUNTER 3 AS COUNTER 

5- HARNESS WARP SATIN 

WARP THREAD 
1 2 3 4 5  

2 AS COUNTER 

5 -H 

5-HARNESS FILLING SATIN 
(SATEEN 1 

SATIN WEAVES 

(4 

3 AS COUNTER 

IARNESS R.H. SA1 lEEN 5-HARNESS L.H. SATEEN 

Fig. 9.7. [Above and opposite). fa) 5-harness satins and sateens. 
(b)  Directior 01 sateetis. (c) 7-harness sateens 
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2 AS COUNTER 5 AS COUNTER 3 AS COUNTER 4 AS COUNTER 

(4 

Fig. 9.7. (Above and oppstte). (a) 5-harness satlns and sateens. 
(b) Direction of sateens. (c) 7-harness sateens 

Note: x = counter 

5 harness) satin and 5-cnd sateen. I n  this case. the repeat is on 
5 ends x 5 picks and it is clear that one design is the back 
side of the other. There are two different ways of arranging 
the interlacing points, one by using a courtter (or move 
number) of 2 picks and the second by using 3 picks as counter 
(see Fig. 9.7). It can be seen that i n  a warp face sztin the ends 
float over all the picks but one in the repeat. The interlacing 
can be arranged to be in the right-hand direction or in the 
left-hand direction as s h o w  in Fig. 9.7(b). 

For every number of ends and picks i n  the repeat there is 
more than one arrangement for the interlacing points. For 
example, in the case cf a ?-end sateen, the possible arrange- 
ments are obtained by using counters of 2, 5 ,  3, and 4, as 
shown by Fig.. 9.7(c). An important condition must be 
satisfied to produce a so-callcd regular satin; that is, no 
interlacing point must touch another. This can Lisually be 
achieved by avoiding the use of 1 and its complementary 
number of ends in the repeat. There are exceptions to this 
rule, for example, it is impossible to niake a regular 6-end 
satin because the combination of i?urnbers would be 5 and 1,2 
and 4, 3 and 3. In the case of an 8end satin, the only 
combination which gives regular satin is 3 and 5 ,  and so on. 
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Although the satin weave is the back side of the sateen 
weave produced on the same number of harnesses. it is not 
true to say that the fabric produced as a satin can be used as 
sateen. This is mainly because for a satin fabric to be smooth 
and lustrous, the end density must be higher than the pick 
density but the opposite is true for sateen fabrics. The 
sateen fabrics are normally softer and more lustrous than 
satins, but satins are usually stronger than sateens. In both 
fabrics, if a heavy construction of filament yarns is used, 
the fabric tends to be stiff and does not drape easily. 
However, the length of the float can balance the effect of 
the construction, but longer floats have disadvantages in 
that they have an adverse effect on fabric serviceability. 
Long float satins and sateens are useful in jacquard design- 
ing or in combination with other weaves, but are rarely 
used elsewhere. 

Drawing-in Draft, Lifting and Reed Plans 
AS in engineering, projections which are planar represen- 
tation of bodies can be used to represent the woven fabric 
on point paper. These projections are called design, drawing- 
in draft, lijting plan, and the reed plan. 

The design represents the manner in which the interlacing 
between the warp and filling yarns takes place. The drawing- 
in draft shows the arrangement of the warp yarns on the 
different harness frames. The lifting (or chain plan) repre- 
sents the pattern in which the harness frames are lifted or 
lowered at every pick in the repeat. The reed plan shows the 
arrangements of the warp yarns in the reed dent. A sketch 
of a four-harness straightdraw arrangement of warp ends 
with a twoends-per-dent reed plan is shown in Fig. 9.8(a) 
and this is reduced to  diagrammatic form in Fig. 9.8(b). 
The drawing-in draft (D.I.D.) (shown at B) determines the 
relationship between the design (shown at C) and the lifting 
or chain plan (shown at A). For example, if harness number 
4 has t o  be lifted on pick number I1 in the sequence, then 
the lifting plan must be marked by filling in the square at 
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P, the arrows indicating the paths by which one arrives at 
point P. 

Should the drawing-in draft be straight, then the design 
and the lifting plan are similar (see Fig. 9.8(c)), but if the 
drawing-in draft (D.I.D.) be in any other form (e.g. pointed 
o r  skip draw), then the lifting plan will be dissimilar to the 
design. It is then absolutely necessary to make projections 
similar t o  those drawn by the arrows in Fig. 9.8(b) to 
establish the correct relationships between the lifting plan 
and the design. 

Normally, the drawing-in draft is placed either above or 
below the design with a space in between them. It can bc 
shown by filling in the squares or by using crosses. The 
lifting plan is usually placed to the right-hand side of the 
design and it  is always based on the filling in of the squares; 
again, a space between the design and the lifting plan is 
necessary. The reed plan is normally placed below the design 
and can be indicated either by filling in squares or by using 
brackets. 
Figure 9.8(c) shows the design, drawing-in draft, lifting 
plan and reed plan for an &end saiecn \wave. I n  this case the 
draft has to be straight. becaiise every cnd in the repeat is 
woven differently, and there are ei$t harnesses. The ends 
are dented 2. ends/dent. The reed number (number of 
dents/inch or dents/cm) and the end density determine the 
width in the reed (WIR) of the warp. 

Fig. 9,8(d)is similar to Fig. 9.8(c), but different methods 
of indication are used. As already indicated, the drawing-in 
draft can be one of three types depending on the design and 
the density of the warp. If any two of the projections- 
design, drawing-in draft. and litting plan-are given, the 
third can be deduced from them. 

In many cases the selvage design and denting are difierent 
from those of the n u i n  body of the fabric; they are sometimes 
included in the representation. 
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HARNESS FRAMES 
i.r.ALL HEDDLES MARKED 1’ ARE AFFIXED TO 

HARNESS 1. THUS WHEN HARNESS 1 IS 
LIFTED ALL WARP ENDS MARKED 1”ARE 
LIFTED. 

HARNESS NUMBER 

(b) 
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Fig. 9.8. Dmwing-in 



Fig. 9.8. Drawing-in draji, li/riaH and reed plana 
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Effect of Woven Fabric Structure on Fabric Properties 
The design of a fabric to mect the  requirements of a certain 
end use IS a complicated engineering problem. There are 
many factors involved i n  the fabric design (siicli as tiber 
type, yarn geometry. fabric structure, and methods of finish- 
ing) and it is dificult to predict the properties of woven 
fabrics. However, there are empi rica I rela tjonshi ps be tween 
some of the fabric parameters and the fabric properties. 
There are also some theorctical relation5hips (mostly for the 
plain weave) but thcory becames very complicated when 
applied to other weaves. 

Tt.ti~ik1 Strc.ii,qflr 
The tensile strength of a fabric is a reflection or the strength 
of the yarn and of the fabric structure. Sometimes, because 
of the crimp, the fabric strength is less t l i i ln  tlie strcngth of 
twisted yarns; becalm of the twist in  the yarn, the yarn 
strength is less than the strength of’thc libers. Howevcr, it is 
possible to increase the fabric strcngth over the yarn strcngth 
by means of the compacting forces dcveloped in the woven 
fabric. These can prewit fibers from slipping within the yarn. 
Other things being equal, plain weave fabrics M hich have the 
highest crimp will have thc IoHest streneth. 

Estensibility 
Equally important to the fabric streiigtli is its ability to 
extend under load. When the fabric is subjected to tension 
in one direction, the extension takes place in two main 
phases. The first phase is dm~iiiipirig or c-riitip rciiioiul in the 
direction of the load. The removal of the crinip is accom- 
panied by a slow rate of increase of the load. The second 
phase is the extension of the yarn, during which the fabric 
becomes stiffer, the stiffness depending mainly on the charac- 
ter of the yarn. The more crimp there is in the yarn. the more 
extensible is the fabric. Therefore. tlie longer the floats, the 
less extensible is the fabric. 
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Surface Friction 
Surface friction of tlie fabric is affected by the crimp and 
the fabric structure, in addition to the surface friction of the 
component yarns. Designs which have a high number of 
intersections i n  the repeat tend to have high crimp and pro- 
duce a rough fabric. Long floats. however, prodiice sniooth 
fabrics with low crimp levels. 

The tear strength of a w v e n  fiibric is very important. since 
it is morc closely related to serviceability than is the tensile 
strength. The behavior of  wnui fabrics undcr tearing 
loads is quite dift’erent from their behavior under tensile 
loading. I n  the case of teiisilc loading. all the yarns in the 
direction of loading share the load: in tear loading. only 
one, two. or at most a fcw yarns share the load. The yarn 
and fabric structures play very iiiiportant roles i n  dctermining 
the fabric tear strength. Tlic iiio\ciiieiit of a liiiiry ueak yarn 
will be restricted dtrriiip loadiiif, and ym-iis will be prcscnted 
to the load one by one; this rcsulls in a low tearing strciigth. 
Tight constructions will Imxiiice tlic s m c  effect. Loobc. open 
constructions allow i i iorc frcedom for thc yarns to iiiovc and 
group togetlier. thus prescntiiig btiiicllc~ ofyarns l o  the tearins 
load ; i n  conscquencc, tlic le;ir strciisth ib high. Design3 which 
have groups of yarns woven together, such as rib weaves 
and basket weaves will have high tear strengths. Finishing, 
easy care treatments and coating tend to reduce the tear 
strength of woven fabrics, especially if they restrict the free- 
dom of movement of the yarns under loading, 

Abrasion Resistance 
The abrasion resistawe of woven fabrics is greatly affected 
by the yarn properties, fabric geometry and construction. 
The most important factors are the crimp levels and the 
height of the cruiwis caused by the crimp. The extent to which 
the crowns are displaced out of the plane of tlie fabric 
depends on the weave, yarn number, yarn crimp and fabric 
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count. The greater the number of the crowns per unit area or 
the greater the area of each crown, the less will be the stress 
concentration on the crowns, and this leads to higher abrasion 
resistance. The weave also has a considerable effect on the 
abrasion resistance of the fabric. Where there are floats, the 
longer these are, the less restricted are the yarns to move. 
Also the longer the floats, the larger is the area of contact 
between the yarn and the abraidant and the higher is the 
abrasion resistance. 

Drape 
The Jrripc of the fabric is Listtally defincd i n  tcriiis of thc shape 
or the way in which the fabric hangs down in folds. Bending 
and shear stiffness have a significant elrect on the fabric 
drapeability. The yarn number, fabric count and the weave 
are important factors. Heavy fabrics from coarse yarns and 
dense constructions have poor drape characteristics. 
Fabrics with long floats in the weave permit the yarns to 
move freely; this reduces the bending and shear resistance 
of the fabric, leading to better drape behavior. 

Crease Resisfairce 
The creasc resistunce of the woven fabric is affected greatly 
by the weave. The most important factor is the freedom of 
yarns and fibers to relax. A plain woven fabric with high 
fabric count puts a heavy strain on the fibers and limits the 
recovery of the fabric. The longer the floats, the higher will 
be the crease resistance of the fabric. 

Pilling Resistance 
Hairs on the surface of a fabric tend to collect into little 
balls (pills) and if the fibers are strong, these balls do not 
break off; t h i s  spoils the appearance of the fabric. Low 
twist yams are usually hairy and the hairs form sites for the 
pills to form, especially when strong synthetic fibers are 
used. Fabric structure plays a part and plain weaves give a 
higher pill resistance than fabrics with floats, proper crimp 
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balance can minimise the problem for a given structure. 

It is apparent that the structure of a woven fabric has a 
significant effect on fabric properties. It is only possible to 
engineer the fabric to meet specific requirements by establish- 
ing a thorough understanding of the behavior of the fabric 
in actual use. 
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10 
THE SlMPLE SHUTTLE LOOM 

Key words : ausiliarv shaft, hottorii shaft, caiiisIi~Lft. closed 
uarp s l i d ,  craiik.rlia$, ci'ossd sired, c*i'ossitig poitit. divel!, 
fe11,filling irrsertiori rate, flririg sl i i i t t lc. lur,  opcri . s l i d ,  pick irig 
bowls, pickitig c a m ,  race hourtl, I Y ~ C J ~ ,  sclixigc niotioris, 
sheddirig canis, rliiittle bos, tuppc.ts, te i iy les,  top shafi, 
weacitig cycle. 

The Weaving Cycle 

The functions of tlic loom (sce Chapter 2) are: 

(1 )  Warpwise control. 
(2) Shedding. 
(3) Picking. 
(4) Bcat-up aiid lay movement. 

These functions must be synchronized so tha t  the opera- 
tions occiir in their correct sequence and do not interfere with 
one another. The rclative timing can also affect the nature and 
quality of the fabric. Consider tlic case of a two harness looin 
in which the shedding pattern is  cry simple. Let the harnesses 
be designated A and B; the shedding sequence is then as 
shown in Fig. lO.l(a). In passing from time 1 to time 2, the 
sheets of warp become lcvel and at this point (the crossing 
point) the warp shed is said to be closed. Obviously no 
shuttle could pass at that time and it  is necessary to ensure 
that it passes while the shed is at least partly open. 

More comp!icated multi-harncss slicdding patterns are 
possible but the fundamental concept is similar. 
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A 

la )  
OPEN SHED 

- N  
8 

A 

2 HARNESSES 

TWO OF 
SEVERAL 

HARNESSES 

Note: change of warp shed B a t  x would cause 
ends to go slack or the ends in warp 
shed A would be over tensioned if 
wholesale compcnwtion is used 

(b l  
CLOSED SHED 

c 

- TIME 
w 
a 
P 

/ 
/ Y 

I C  l 
SEMI-OPEN SHED 

Note: Only one harness indicated in lower dugrams. 
Other harnesses can be changed at y and, 
if compensation is used, uniform tensiori can 
bc maintained 

Fig. 10.1. Types of warp shed (diagrams (b) and (c) are discussed on p .  195). 
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The transit time of the shuttle 

t, = w f Ps 
where W = effective width of the loom in meters, 

= average shuttle speed in meters/second, 
c, = transit time in seconds. 

Thus the shed has to remain at least partly open for a 
limited but adequate time and must not open or close at the 
wrong time. The shed does not have to be fully open at the 
time of shuttle entry or exit. After the shuttle has passed, it 
is necessary to rearrange the warps to give the desired fabric 
structure before the shuttle returns. 

There must be a definite time between the completion of 
one pick and the start of the next. In a shuttle loom, a good 
deal of this time is spent in stopping the shuttle and then 
accelerating it in the other direction. Actions other than those 
relating to picking and checking milst also be completed in 
the same time in a concurrent manner. In theory, the longest 
of these sets of actions determines the delay time ( t d )  but in 
practice the delay time is determined by the shuttle reversal. 
Let the average ~r*eai*itrg cycle time be t,; since this time varies 
from one cycle to the next and it is fairly regular over a pair 
of picks, let the state be defined in terms of 2t,. This value 
2t, may be defined as the time needed for the shuttle to pass 
a given point in successive traverses in the same direction. 
From the foregoing 

2 t w  = f S l  + 4 2  + till + f d 2  

where the subscripts 1 and 2 refer to successive picks. The 
weaving speed is 60 + tw picks/min, the theoretical filling 

insertion rate is aWmeters/minute and the actual filling 

insertion rate is meterslminute (where qw is the 

weaving efficiency). 

tW 
60W 

W 
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It is apparent that the permissible loom speed is a function 
of the loom width and of the characteristics of the picking 
and checking mechanisms. It is also affected by other mechan- 
isms. 

During time f d  the warp shed has to be changed into a 
new configuration in order to generate the desired weave, but 

Fig. 10.2. Race board and warp shed 

it is also necessary to position the filling by means of the 
reed in the beating motion. These two actions must be co- 
ordinated exactly with the weaving cycle. The reed has to be 
withdrawn rearwards after beating the filling into the fil l of 
the cloth and this fnust be completed (or nearry so) before 
the next pick can be inserted. The shedding and beating have 
to be carefully co-ordinated to give the most effective position- 
ing of the filling without undue strain on the warp; hence 
exact synchronization and proper timing are essential for 
good weaving. 

In a shuttle loom, the rccd and a so-called race board are 
used as restraints to control the shuttle fliglit. as shown in 
Fig. 10.2. The path of the shuttlc is important because if it 
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does not enter the S / ~ U / I / P  hos cleanly it will adversely affect 
the picking and checking, which i n  t u rn  will affect the whole 
cycle. If, because of this. the shuttle deviates from its intended 
path, it might fly out of thc looin; this can be very dangerous 
(such an occurrence is called ajlj*i/ig shuttle). 

BACK 

TOP 

BOTTOM %% 
CENTER 3% 

DATUM 

Fig. 10.3. Timing diagram 

The beating and shedding caiisc cyclic tension variations 
in the warp which, if not controlled, would lead to unaccep- 
table end breakage rates. With high production looms. this 
is usually controlled by various mechanisms which alter the 
path of the warp ends so as to relieve the tensions. This too 
must be synchronized with other mechanisms. 

The various mechanisms which have to be synchronized 
operate in a cyclic manner and they niay be described by 3 
timing diagram (see Fig. 10.3). 

Mechanisms of Timing 
For simplicity, let only the two-harness looiiis bc considcrcd 
at this stage. 
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NOT SHOWN 

Fig. 10.4. Schematic arrangemen? of lay mechanism 

The tay has to operate once pcr weaving cycle to beat up  
thc newly inserted lengths of fillinz. During one weaving 
cycle, a @veil harncss mwcs froin the Lip to the down 
position or vicc versa. Thc whole shccltling cyclc (i.e. from 
top position to bottom position and back) takes two weaving 
cycles to complete, thus there niiist be two drives, one of 
which operates at half the speed of the other. A loom has 
two picking mechanisms, one on each side. Each operates 
every other weaving cycle and therefore it is driven from 
the same shaft as the shedding motion. 

111 the normal loom there is a main shaft (or rop shaft 
or crarik shafr) which operates the lay mechanisms as shown 
in Fig. IO.4.’The mail; shaft is coniiectcd by means of gearing 
or other toothed drivc to a second shaft called a cam .h$f  
(or h o t m i  slilrJi). This can1 shaft drives the shedding motion 
by means of .vlict/t/i/i,g ( - U I I I S  (or rtippcrs) a s  shown i n  Fig. 10.5; 
it also operates thc picking mechanisms by meails of picking 
c a m  (or pickirig howls) together with various linkages (a 
typical system is shown i n  Fig. 10.6). 

For more complicated wcrlves it is nccessary to use a 
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HARNESS ROLLER AND 
[HARNESS HOOKS OMIT1 
CLARITY) 

HARNESS 

JACK BARS 

SHEDDING CAMS 

q 4 Y  ,TREADLE LEVERS 

OMITTED FOR CLARITY 

STRAP 
IEO FOR 

FYg. 10.5. Schcmotic anongcmcnt of shedding mcchonism 

large number of harncsscs bccausc of the complex slieddiiig 
pattern and a scparatc shaft is usually required for the shed- 
ding cams (this is tcrmcd an ui/.vi/iuy. slrtrfi). For the most 
complex weaves it is necessary to use a different type of looin 
but this need not be discussed here. 

Tiniiiig 
Let the point at which the reed reaches its most forward 
position be the datum. I n  other words, this point will be 
represented as 0" crank angle and the other nicchanisms can 
be related to this. One complete re\/olution of the crank shaft 
is one weaving cycle and this can be represented as 360' of 
movement. 

For convenience the datum will be referred to as beat-up, 
even though this occupies a finite angular displacement. A 
typical set of timings is given in Fig. 10.3 but actual timings 
depend upon the design of both loom and fabric and there 
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,SHUTTLE. 

Rg 10.6. Cone underpick mechanism. 

is no unique timing diagram. In thc diagram the shuttle 
movement is related to one circle and sheddiiig to the other. 
The motion of thc lay is a continuous harmonic motion 
which is directly related to the crank angle. Let the shedding 
motion be considered first i n  relation to beat-up. Beat-up is 
intended to force the filling into its proper position in the 
fabric by a sort of wedge action and it  is exceptional for 
beat up to take place at thc tinic the warp sheets cross. With 
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( a )  BEATING ON CLOSED SHED 

-H--TWARp FABRIC 

REED 

( b )  BEATING ON OPEN SHED 

Fi7.10.7 

staple fiber warp yarns, it is norninl to beat up  on a crossed 
shed as shown in Fig. 10.7(a), whereas with filament warp it 
is more normal to beat up on an opcw shedas shown in Fig. 
10.7(b). For illustration. the harness movements for the 
former case are shown in Fig. lO.l(a); it is normal that 
beat u p  takes place on a crossed shed, and that the shuttle 
enters and leaves with the shed partly open. The dwell is 
controlled by the cam profile and must be such as to permit 
passage of the shuttle for the particular width and speed of 
the loom. 

Consider next the shuttlc motion. The shuttle starts from 
rest at about 80" after beat up and thcn must be accelcrated 
up to speed, which takes a dcfinite time. It has to change 
from zero to some 15m/sec (35 mph) after travelling less 
than 30 cm (1 ft). This imposes high stresses on the mechan- 
ism and usually it is necessary for this phase to  occupy 
some 20-30". After transit, which normally takes some 
1 SO", the shuttle has to  be stopped in a like distance and 
time. The balance of the time (XU in Fig. 10.3) is available 
to permit the automatic changing of the quill. 
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The question of the position at which the loom should 
stop is relevant. It is desirable that  it should stop at back 
center so as to give the best access to the warp shed. It is 
necessary to stop it before the crossing of shed to permit 
repair without fault i n  the fabric. Once the shed is crossed 
and there is a warp break, the repair will give a wrong 
shedding for the end unless the loom is turned back, which 
is undesirable. 

It is essential to stop the loom before beat-up to permit 
the repair of broken filling yarns which otherwise would be 
beaten into the fabric and probably cause damage. 

BEAT-UP 

I TOP SHE0 1 BOTTOM SHED 4 

IFULL 
~ CROSSEil 

60 - 

WITH COMPENSATION 

3 

0- 
OO do Id0 2;o ,do bo 1 l O  2;o 3fo 

CRANK ANGLE *degrees 

Rg. 10.8. Typical warp tension diagrams 

Interaction between the Textile Material and Loom Parts 
The action of shedding causes the length of the warp to vary; 
this, in turn, causes the warp tension to vary. In the absence 
of any compensating motion, the tension would vary in 
sympathy with the harness motion. Thus there would be a 
tension cycle somewhat similar in shape to the shedding 
diagram shown in Fig. 10.8. In practice, this is reduced 
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TEMPLE ROLLS 

F&. 10.9. Temple parts. 

by having a synchronized compeilsatiilg motion which re- 
duces the tension peak to give a tension diagram similar to 
that shown in Fig. 10.8 (full line). 

Superimposed tipoii this is a tension pulse arising from 
beat-up. For a very light open fabric this pulse is small, but 
with a heavy dense fabric the pulse can bc very large. 
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There is crimp interchange between warp and filling wh.ich 
is a function of the respective tensions (see Chapter 8). To 
get a good crimp balance, it is necessary to apply a tension 
in the filling direction. I t  is not possible to do this prior to 
beat-up and therefore the whoIe fabric has to be tensioned. 
This is achieved by using temples, of which there are numer- 
ous types; a fairly common one is shown in Fig. 10.9. 

DISTANCE > DISTANCE F X  
DUE TO FILLINGWISE SHRINKAGE 

Fk. 10.10. Action of temples. 

For several reasons. tlie w r p  tcnsions vary from the 
center to the sclvases. Firstly. tlie shuttle entering or leaving 
the shed rubs the outermost wrns. causins locat peaks in 
tension ; this erect is coniiiioiiiy coi;wlfed b\; using srlrnge 
nior?o/is or scparate lieddies for  tlic selvaic warp ends: 
Secondly, thc crimp i n  t l ic yarn c;iiiscs ;I wirlihwisr contrac- 
tion of tlie fabric after Iem-itiS the temples. Thc path length 
of the outermost warp tl irwis is therefore longer than .the 
central ones (see Fig. 10.10). I n  addition. it is normal to alter 
the fabric construction at the sclvagcs to _ci\.e a durable 
fabric and this altcrs tlic crimp behavior. which in turn 
affects the tensiou in the yarn. This can c:~usc dimage and 
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increase the end breakage rate, and it may occur in such a 
way as to cause irregular local damage which spoils the 
appearance of the fabric. 

The frictional forces arising from the movenient ot the 
filling during beat-up can play a significant part. With 
filament yarns which have a high coefficient of friction. the 
forces generated in trying to beat-up on a crossed shed 
would cause very high end breakage rates. Friction between 
the warps and the feed wire, heddle wires, lcase rods, drop 
wires and shuttle can aiso cause end breaks. 

Generally, the action of the machine on the material is 
more important than the action of the material an the 
machine. Under normal conditions the material has relatively 
little direct effect on the performance of the loom, but since 
the loom can certainly affect the cloth, it is necessary to 
understand each of the component systems thoroughly if 
the best is to be obtained from the loom. The following 
chapters deal with these component systems. 
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11 
SHEDDlNG AND BEATING 

Key words : baulk, beatiiig, beat-up, buiiipiiig, cani, clear slied, 
closed slied, comber board, complete shed, connecting rod, 
cratik, cylitider, dobby, ilobby head, dobby loom, double-lift 
dobby, drawstritigs, feelers, jkll ,  float, grate, grire, harness, 
Iteddle, hook, inconiplete sliud. jack, juninied fabric, knires, 
lay, lay sword,. lip. liiigoes, iiiail.y, iieedle, neck, opeii shed, 
patterit chaiii, peg, pimcltecl cartl, rerci, scmi-opeit shed, slied, 
slieddhg, sliddiiig diugrain, single-li) dobby, spindle, unclear 
shed, wider-cant loom. 

The Interrclationship between Shedding and Beating 
From a design point of view, slietldiitg and heatiiig are 
interrelated. Referring t6 Fig. 1 1 . 1 ,  it is apparent that the 
shed opening' (N, + ti2), the distance B and the aiigles b1 
and ,!I2 are related as follows: 

Hl = B tan p1 
H2 = Btanpl, 

la  a symmetrical systcni, I f ,  = H2. which implics that 
PI = /I2 and = lip. For ease of reference. let these be 
referred to as M, f l ,  and / I ,  respcctivcly; also for simplicity 
let only the simple symtncirical case bc considered. 

In general 

It might be thoiiglit that tlic anslc 6 should bc as small 
as possible so as to reduce thc /i/i of the Irarm*sses (i.e. to 
reduce H ) ,  sitice this would rcducc ihc strlriii 011 the warp. 
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Fig. 11.1. Geometry of warp shed 

A reduced lift would also make the mechanism casicr to  
design and operate. However, if p is made too small. the 
warp sheets will not open properly and some ends are 
likely to catch up; such an obstructed opening is called 
an unclear shed. In such a case, there is a strong likeli- 
hood that the shuttle will rub the protruding warp end 
and cause it to break. Thus an iinclear shed can lead to 
unacceptable increases in end breaks. Furthermore, tlie 
distance traveled by the Iuv in bcating Ihe filling into the 
fell of the cloth is a function of 1;. The lay and associated 
parts are heavy and appreciable amounts of energy are 
required to move them quickly over considerable distances; 
this dfTects the motor size and efficiency. Also thc inovement 
of such large masses Sives rise to iindcsirablc cyclic speed 
changes in the loom. 

If the distance the lay moves is ha,  and b, is a constant, 
then 

6, = 6, + b 

but 

therefore 

b = It cotan p 

b, = h, + It cotan /j 

(1 1.2) 
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la1 
UNCLEAR SHED 

WARP 
FABRIC 

H A R N E S S  A L B  
HAVE EOUAL LIFTS 

( b )  
CLEAR SHED 

WARP 

H A R N E S S  A L B  
HAVE UNEOUAL LIFTS 

OPENING 

Fig. 11.2. Shed openings 

From eqn (11.2) it can be seen that if the harness lift H 
is made small, keeping the other parameters on the right- 
hand side constant. then the lay movement h,, must be 
increased in order to permit the shuttle to enter. The height 
of the front wall of the shuttle controls / I  and is itself con- 
trolled by the diameter of the quill which f i ts  in the shuttle. 
This, in turn, involves the econoniics of weaviiie because a 
small quill has to be changed frequently and handling costs 
tend to go up as the size goes down. Also, cvery timc a quill 
is changed there is a potential t‘ault. Good machine design 
can minimize this potential but i t  cannot climinate i t  com- 
pletely. Hence for several reasons. the distance b must be 
limited and a balance has to be struck bctween the Iiarness 
lift H and the lay movement h,. I t  is desirable that h be as 
large as possible but that H and h sliould be as small as 
possible; clearly it is impossible to reconcile these require- 
ments and a cornproniise lias to be miide. Thc a r t  of achiev- 
ing the best cornyromisc is beyond thc scope of this book. 
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Shedding 

Shed Forms 
If the shed is unclear, as shown in Fig. 11.2(a). it is possible 
for the shuttle to cause many end breakages and it  is usually 
desirable to keep the angle f l  the same for all ends in order 
to produce a ckear skied. This requires an adjustment to the 
movements of the various lieddks unless they can all exist in  a 
plane at a fixed distance from the fell of the cloth. This is an 
impossible condition for a normal loom because the harnesses 
must be at  different distances from the fell in order to permit 
their independent movement. To maintain a clear shed, the 
angle p has to%e kept constant and to do this each harness 
must be given a slightly different lift from its neighbors; in 
fact, the lift must be proportionate to the distance of the 
harness’from the fell. Thus the differences depend upon how 
closely the harnesses can be packed; if there are many 
harnesses, the differences ,can be large. 

For certain looms operated by drawstrings (Fig. 2.7), 
positive movements which involve the direct drive of the 
elements occur only in one direction and deadweights return 
the shed to the lower position. In these cases the shed opening 
is rarely symmetrical and angles /II and f i2 are dissimilar; 
in fact f12 can be very small in some cases. Such a system 
gives a so-called iiicompkcte .v/rcd. The most common case of 
shedding, called a coi~ipkcfe shed, is as shown in Fig. 2.8; 
the sheds are driven in both directions. 

The timing of the opening of the fully open shed is jm- 
portant. Various systems have been designed to compensate 
for the change in warp length in  shedding and so minimize 
the variations in warp tension (see Chapter 10). These 
systems operate on all warp ends, and if some ends are 
left in position whilst others are moved, the compensation 
will act on some more than others; this may cause some 
ends to go slack and some to be over-tensioned. The slack- 
ness might enable entanglements to form and the high 
tensions could lead to end breaks; the variations in tension 
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WARP 
FABRIC 

& 11.3. Shed f a r  

would also affect the fabric structure. In  the simple case, 
where the shed' is changed only as dictated by the fabric 
weave, the sliedditig (liugrum might be as shown in Fig. 
lO.l(a). Where compensation is used, the corresponding 
shed must be adjusted to avoid the difliculties cited; the 
diagram might be as in Fig. lO.l(b). The former is called an 
.operi shed and the latter a closed s l t c d  It is also possible for 
%he shed to be asymmetrical. in which case the shedding has 
to be adjusted to give minimum tensions and a senti-open 
,shed is used, as shown in Fig. 10. I(c). 

Shedding Motions 
The lift of the heddles can be achieved'by using cat11 or 
dobby operated harnesses or by druiis/ri/i,qs and each has its 
own limitations. Leaving aside all mechanical differences, 
it is useful to consider the operational limitations. Most cam 
systems tend to be inaccessible and it is sometimes incon- 
venient and time consuming to chnnge the weave, especially 
with complex fabric desikns. With such complex weaves 
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(which need many harnesses), a change can involve replace- 
ment of some or all of the cams, which is a fairly leiigthy 
process. Occasionally, alterations can be made by varying 
the cam-shaft speed in multiples so as to avoid cam changes. 
The most important advantages of the cam system are that 
the design permits a relatively high speed and the system is 
inexpensive. Some of the operational inflexibility of the cam 
loom can be circumvented by good organization if there is a 
sufficient number of looms at the disposal of the manager. 

Moving to the other extreme, a Jacquard loom is very 
flexible as far as the weave is concerned because it is possible 
to.contro1 single ends if so desired. Fabric designs can be 
changed merely by inserting a series of puiiched cards into 
thepatrern chain. However, the production rate is very low 
and consequently these looms are used only for complex 
weaves. The Jacquard heads are expensive and therefore 
there is considerable incentive to find cheaper ways of 
producing patterned fabrics, especially if the required pattern 
is not too complex. 

lntermediate between the Jacquard and thecam looms is the 
dubby lootti; this loom is one on which smaU geonietric and 
regular figures can be woven. Originally a dobby boy sat on 
top of the loom and drew up  the warp as required to form 
the pattern. This function has now been automated and a 
device which replaces the dobby boy has becoine known as a 
dobby head. The origin of the word dobby is obscure. 

The inaccessibility of the multiple mider-cuui system limits 
the design possibilities. One solution is to bring the cams to 
the side of the loom where they are more accessible. This 
permits an increase in the number of harnesses from about 
eight to about sixteen, but the system tends to bocunibersome. 
It is an obvious advantage to miniaturize the system so 
that the drive to the harnesses is triggered by an actuating 
device rather than being driven directly. This, in  fact, is what 
a dobby head does; instead of cam and lever system, a peg 
or some other discontinuity i n  a pattern cliain triggers the 
appropriate shed changes, The pattcrii chain determines the 
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(b) LIFT DIAGRAM 

(d) ROCKER FOLLOWER WITH EXTENDED ARM AND ROLLER FOLLOWER 

Fig. 11.4. Simple cam system 

weave. The variety of patterns and the case of cliangc is 
increased considerably. Against this must be set a slight 
decrease in the maxiinurn permissible operatiiig speed; this 
arises because of the excessive stresses set up in the dobby 
head when it is operated over the maxiinurn safe speed. 
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Cam Slieddiiig 

To understand scme of the restrictions, it is ncccssary 
to consider some elements of cam design. First, an ex- 
planation may be given in terms of a cam w i t h  21 radial 
knife edged follower, even though this is a gross over- 
simplification. Referring to Fig. 1 I .4(a), the rotation of the 
cam causes the follower to lift along a radius and its vertical 
position is determined by the angle 8 ;  tlie lift diagram is 
shown in Fig. 11.4(b) where any  ordinate refers to the 
corresponding radial distance betwecn the base circle and the 
outside operating surface of the cam. The' relationship 
between these. two parameters is linear, but if the follower 
does not move along a radius or if a knife edged follower is 
not used, this linear relationship no  longer holds. Since 
practical cam systems do have nonlinear 'relationships, the 
actual cam shape is dissimilar to the lift diagram and this 
implies that cams from different systems are not inter- 
changeable. In practice, interchanges are possible in many 
cases but care has to be taken in this respect, especially where 
high performance systems are involved. 

If the case of the simple system. it is possible to have a 
rocker follower (Fig. 11.4(c)) which Hi l l  give a lift diagram 
similar to the one previously mentioncd, providing tlie 
distance I is adequate. If the arm is extended as in Fig. 
11.4(d), the point Q will move a Sreater distance than the 
point P but the shapes of the respcctive displacenicnt 
diagrams will be similar. Thc lift at Q 

(11.3) 

With a givcn mcclianisni, it is possible to altcr the position 
of Q with respect to P and thereby change the lift at Q. 
If the harnesses are connected at Q, then tlie lift can be 
adjusted as required by altering either L or I and the varying 
lifts that are needed to givc a clear shed can be obtained by 
this means without having to have a wide range of cams. 
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SLIGHT MODIFICATION OF PROFILE 
AT POINT SHOWN W E R S  SUCCEEDING 
DIAGRAMS AS INDICATED BY DOTTED LINES 

\ 

i DECEL" 
:OUTWARDS 
, A 

- 
CAM ANGLE 

I 

ACC" 
INWARDS 

(d I 
X 

k m 

MODIFICATION OF PROFILE 
CAN REDUCE SHOCK LEVEL 

Fig. 11.5. Lift diagram with corresponding velociry, 
acceleration and shock diagrams 

A rocker follower which operates about a fixed fulcrum 
would cause the point Q to move in iiii iindesir-ablc arcuate 
path but if the fulcrum is allowed (or caused) to move to 
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compensate, a desirable straight lift can be obtained. A 
similar problem exists in picking and siiicc it is so iinportant 
in that context, the matter will be dealt with under that 
heading. 

CURVE @ LIMIT SET BY SHUTTLE 
CURVE @ HIGH LIFT, LOW ACC", SMALL DWELL 
CURVE 0 LOW LIFT, HIGH ACC", LONG OWELL 

Fig. 11.6 fa) Shedding d&gmm andshuttle intetference. 
N.B. Ske& (vt not rrlwrryr symrnetrkul 

A lift diagram such as that shown in Fig. 11.5(a) implies 
that the corresponding velocity diagram will have steep 
portions, which in turn implies an accleration as shown in 
Fig. 11.5(c). A high acceleration acting on a mass will 
produce a large force, and a sudden change in acceleration 
produces a shock which will produce noise and vibration. 
Thus the cams must be designcd to minimizc thesc forces as 
well as the shocks, and the faster thc loom runs the morc 
important this becomes. ( I n  inathcmatical terms, if the 
lift is h, the harness velocity is a/ i /ar ,  the acccleration is 
2 2 h / W  and the shock level is proportional to i33/1/W,) 
Suppose the dimensions of  thc shuttlC and the timing dictate 
that the harness lifts should lie outside tlic shaded area shown 
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REED 

N.B. SHUTTLE SHAPE EXAGGERATED 

I 

N.B. SHUTTLE SHAPE EXAGGERATED 

F&. 11.6 (b). Shuttle Intafrmrce at C 

SHUTTLE INTERFERENCE DIAGRAM 
?/din > 0.7 FOR STAPLE OR FILAMENT 

ZIdOUt > 0.3 FOR STAPLE OR 0.7 FOR FILAMENT 
e,: 6oo e,: soa 

CRANKANGLE e 

F&. 11.6 (c). 
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in Fig. 11.6; in such a case there are several alternative 
soIutions. Thc acceleration can be minimized by using a 
curve such as 2, but this would be at the expense of an 
incrcased harness lift (which would strain the warp ends and 
lead to increased breakage rate). It is also possible to main- 
tain the dwell between Y and X as shown in curve 3, but this 
would be at the expense of generating extra forces in the 
mechanism (which might limit speed). Thus a compromise 
is usually needed, but the band of acceptable solutions will 
narrow as the picking rate increases and, of course, high 
picking rates are preferred. The solution also depends upon 
several other factors; for instance, with a closed shed there 
are some rather rapid changes which generate high forces 
and it is not uSually possible to operate a closed shed as fast 
as an open one. 

The warp shed opening (2) may be calculated from the 
similar triangles OAB and OCD shown in Fig. 11.6(b). 

The warp shed opening needed to clear the shuttle at point 
C as it traverses the loom depends upon the lay position 
and the dimensions of the shuttle. Should the warp shed 
fail to clear the shuttle, there will be a degree of warp 
abrasion especially at the selvages. However, it is common 
practice to accept a degree of shuttle interference for the 
sake of increased productivity as will be explained later. 

For example, consider a case where a loom runs at 200 
picks/min, the shuttle velocity is 20 m/sec (66 ft/sec) and 
the crankangle over which the shed is open sufficiently for 
the shuttle to pass without shuttle interference is 80". The 
loom speed is (200 x 360)/60 = 1200 degrees/sec. Hence 
the warp shed is open for 80/1200 = 0.06666 sec and, in 
this time, the shuttle travels 20 x 0.06666 = 1.3333 meters. 
The width of fabric that could be woven without shuttle 
interference is 1.333 -Qsh (where nsh is the effective length 
of the shuttle). Thus if nsh is 0.3 meters, the maximum 
fabric width would be 1.0333 meter if shuttle interference 
were completely eliminated. Any attempt to weave wider 
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fabric would lead to a tendency for warp abrasion and this 
would get worse as the width increased. Similarly with 
speed, if the speed were increased to (say) 250 picks/min, 
the loom speed would be 1500 degrees/sec, the shed 
opening time 0.053 sec and the shuttle would travel 
1.0666 meter in this time; thus the maximum width would 
decrease from 1.0333 to 0.7666 meter for the particular 
timing and shuttle speed. Thus it can be seen that any 
increase in speed or width (both of which tend to increase 
productivity) can only be achieved at the expense of 
shuttle interference. All the factors are closely related and 
are NOT independent variables. 

By suitably shaping the shuttle, the effects can be mini- 
mised. It is usual to make the front wall height (d) less 
than the back wall height (the wall in contact with the 
reed is larger), and the shuttle edges are rounded. Also the 
shuttle ends are pointed, which reduces the effective 
shuttle length (ash) and by these means it is possible to 
carry the largest possible quill (shown dotted in Fig. 11.6 
(b)) for the minimum amount of shuttle interference. 

Even when all these precautions are taken, the avoidance 
of all shuttle interference would unnecessarily restrict 
productivity. Because of the smooth pointed ends to  the 
shuttle, it is quite possible to allow the shuttle to enter a 
warp shed which is too small but opening. It is also possible 
to allow the warp shed to close on the departing shuttle. 
The extent of these igterferences depends mainly upon the 
warp yarns. A typical warp shed opening diagram is given 
in Fig. 11.6(c) and it will be observed that the crankangle 
interval (A01 is much enlarged by permitting a controlled 
amount of shuttle interference. For typical staple yam 
(Z/d) im 0.7 and (Z/d)out> 0.3, whereas with most fila- 
ment yams (Z/d)in and (Z/d) out are both greater than 0.7. 
Limited adjustments to A0 can also be obtained by varying 
the loom timing. 

I n  practice, knife edged followers are not used. A knife 
edge would wear too rapidly and it is usual to use a roller 
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PICK NUMBER 
n i l  n - 2  x 

i 
w 

__t 

PICK NUMBER 
n -10 

NE: Shaded areas indicate minimum shed opening 
to permit passage of shuttle. Interference 
indicated by arrows in the case of n-10 

Fig. 11.7. Shedding diagrams from one given cam. 

follower as shown in Fig. 11.4(d). The roller is limited in its 
ability to follow the cam surface when there arc very rapid 
changes in profile; for instance, a roller cannot produce a 
vee-shaped lift diagram because the roller surface cannot 
make contact with the apex of the vee. The larger the roller 
or the sharper the vee, the less will be the conformity. The 
diameter of the roller thus determines, in part. the profile of 
the cam and this is another reason why care should be taken 
in interchanging cams between different sorts of looms. 

A gear train i s  normally used to connect the crankshaft 
and the camshaft to maintain proper synchi onization. In 
one shedding cycle, the hnriiess reinairis up for one dwell 
period and down for the othcr. With a PI? ’  , i n  weave. two 
picks are inserted in this time mid the camshaft has to rotate 
at half the crankshaft speed. If 4 : 1 gearing were used, two 
picks would be inserted with the harness i n  thc Lip position 
and two in the down position. If 211 : 1 gearing were used 
there would be n picks inserted betwceii changes. Such 
a procedure is used to make twills and other structures which 
requirejoats, but there are limitations. Consider an cxtrcmc 
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case; let n = 10 and let the cam profile shown earlier be used. 
As shown in Fig. I I .7, the changeover of the shed would still 
be in progress at the time that picks number I ,  10, I I ,  20, 
etc., should be inserted. The shed would be insufficiently 
open to allow the shuttle to pass and it would be impossible 
to weave unless the cam profile were changed to Sive a very 
rapid shed change. Such a profile could only be run at a 
diminished speed. 

With a given fabric structure, the pattern repeats even 
though it might only be one up, one down. Whatever the 
pattern, the gear ratio should be equal to the number of 
picks per complete repeat. For example, with a plain weave 
the repeat is over 2 picks and the gear ratio is 2 : 1.  For a 
2 x 2 basket weave, the repeat is ovcr 4 picks and the gearing 
ratio i s4  : 1, 

To simplify matters, normal fabrics wovcn on a cam loom 
are usually restricted so that all cams are similar but merely 
displaccd in tcrrns of their relative angiilar position. When 
the fabric structure is changed it is soiuctimes necessary to 

TO (FI, STOP (SI ACTS AS FULCRUM TO LINK a b. MOTION (FI IS 
WACNIFIED BY JACK ACTING AS A LEVER, CAUSING (11 TO WERATE- 
THE HARNESS VIA THE STRAPS 

Fig. 11.8. Basic dobby motion. Not to scale. Certain pprts 
omitted for cloriry 
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change cams, gearing or both; therefore, accessibility to 
these parts is important. 

Dobby Shedding 
The cams used in a cam loom fulfill two functions, namely: 

( 1 )  To position the harnesses as required from time to time 
(2) To transmit the power needed to cause the desired 

movement. 

In a dobby mechanism, these functions are separated, with 
the result that the actuating mechanism can be very much 
lighter in construction and much more compact and access- 
ible. These improvements permit the production of more 
complex weaves under normal mill conditions without 
the sacrifice in productivity that follows the use of a Jacquard 
loom. The Jacquard loom is used primarily for weaves 
which are too complex for the dobby loom. 

Bas~cally, the dobby mechanism consists of two sections; 
one section is concerned with power transmission, the other 
with the cpnnection and disconnection of the harnesses to 
and from the power source at the appropriate time. The 
latter device may be regarded as a sort of mechanical 
equivalent to an electrical switch. On the power side of the 
switch, there is a permanently connected set of moving 
k n i m  which reciprocate along fixed paths. As shown in 
Fig. 11.8, there are hooks ( H )  which hincge on a buulk (ab); 
when these hooks are lowered, they engage the knives and 
move with them. in one mode, the stop (s) acts as a fulcrum 
and thus the movement of the knives causes the central 
link to move, which in turn causes the.jack to move. The 
motion is magnified by the lever action of the jack and is 
transmitted to the harnesses. The connection and dis- 
connection of the hooks is caused by tmdles or feelers which 
contact the pegs in the pattern chain. 

Other modes are possible. Figure 1 1.9 shows four modes, 
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KNIFE POSITION 1 

BOTH HOOKS st >y%,\, 
EntACED 

HARNESS ‘\ H b  
MAINTAINEO IN Sb > 
UP POSITION K b  

‘\ 

BOTH HOOKS 
OISLNGAGEO 

HARNESS 
UAlNTAlNED IN 
DDWN POSITION 

c. 

* 

TOP HOOK 
ENGAGED 
HARNESS H W E S  
WITH TOP KNIFE 

BOTTOU STOP 
IS USED 

BOTTOU HOOK 
DROPPED EARLY 

HARNESS DOES 
NOT UOVE AT FIRS1 

LATER, HARNESS 
MOVES WITH 
BOTTOM KNIVES 
TOP STOP IS USED 

KNIFE POSITION 2 

NB KNIVES OSCILLATE BETWEEN POSITIONS 1 AND 2 
IRRESPECTIVE OF WHETHER HOOKS ARE 
CONNECTED OR NOT 

F&. 11.9. Different modes of action of a dobby. 

the knives being shown in each of the extreme positions. 
When both hooks are engaged, the baulk merely seesaws 
about point F and the harnesses are maintained in the up 
position. When both hooks are disconnected, the baulk is 
held against both stops and the harnesses are maintained in 
the down position. When one hook kdisengaged, the harness 
will move up and down in sympathy with the other knife. 
It is the practice to lift the rearward knife because at that 
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time the appropriate portion of the baulk is held by the 
stop and the hook can be raised without damage. A hook 
can be dropped at any time, but there may be a time lag 
before it latches into proper sequence as shown in sections 
(d) and (e) in Fig. 11.9. 

By altering the distance x (Fig. 11.9(a)), it is possible 
to operate with semi-open sheds. Therefore it is possible to 
obtain any desired shedding diagram by having two sets of 
pegs, hooks, and knives per harness; this is known as a 
double lift dobby. it is also possible to use a single set, but 
single lift dobbies are now comparatively rare. 

Single Lft  Jacquard 
Pattern cards are presented to a four-sided "cylinder" in such 
a way that every card fits one side (Fig. 11.10). Every card 
on the chain represents one pick in the weave. Thus the 
cylinder speed of rotation is one-quarter that of the loom 
crankshaft. The cylinder moves away from the needles, 
rotates one-quarter of a revolution to present a new card 
and then moves again towards the needles. A hole on the 
card indicates that the corresponding hook has to be lifted. 
The moveiiient of the needle through the hole, under spring 
pressure. causes the hook to be ready to engage with the 
knife. The knife therefore lifts the hook during its upward 
movement. which in turn lifts the cord attached to the hook. 
The ends passing through the heddles (or mails) attached to 
tlie hook will then be lifted. When no hole faces the needle, 
it will be pushed by the card asainst the spring and the hook 
will be kept away from the knife. 

In  order to prevent the rotation of the hook, the lower 
end is bent and passes through a narrow slit in the grate. 
When the hook is not engaged with the knife the bent end 
rests on a spiitdle which controls the lower position of the 
warp yarns. 

The capacity of a Jacquard head is indicated by the number 
of hooks (each hook has one needle). Thc single-lift Jacquard 
discussed here is tlie simplest and gives tlie necessary basic 
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HOOK MOVES WITH NEEDLE 
IF PATTERN CARD PRESENTS HOLE, 
HOOK MOVES TO EffiACEO POSITION 
AN0 IS LIFTEO BY KNIFE 

IF BLANK IS PRESENTED, HOOK 

KNIFE AN0 
ASSEMBLY 

APPROPRIATE 
NEEDLES 

(DRAWSTRINGS) 

I d h -  LINGOES (WEIGHTS) 

Fig. 11.10. Single li/r Jacquard 
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principle of Jacquard operation. but there are also double 
lift Jacquards of a variety of desitns which are more complex; 
these are beyond tlie scope of this book. Suffice it to say that 
double lift machines usually have two cylinders (one on each 
side of the necdles), two card chains, and no spring box. 

Selcage Motion 
In the case of Jacquard and dobby looms there is no problem 
in weaving the selvage. which i n  all cases has a design 
different from the weave in the body of the fabric. With cam 
looms, however, the situation is different, since the number 
of harnesses is limited. In this case, it is necessary to use a 
separate shedding motion for the selvage yarns. I n  its simplest 
form, the selvage motion uses two pairs of small frames with 
heddles, one on either side of the loom. These frames get 
their motion from eccentrics or cams fixed on the loom cam- 
shaft, or on a separatc shaft. The most common weaves used 
for the selvage arc plain, 2 x 2 rib or 2 x 2 basket weaves. 

Beating Motions 
The Motiori of the Laj 

A lay mechanism is shown in Fig. 10.4. I t  will bc secn that 
the mechanism is in reality a four bar chain in wliicli the 
loom frame forms the link AD, The link A B  is tlie wmik ,  
the link BC is the cu/i/wc.ti~ig rod and the l ink  C'D is tlie 
lay sword. As the crank A B  rotates, it causes the point C' to 
oscillate and if the reed is attached to the l inh C'D (or an 
extension of it), it, too, will oscillate as rcquircd. If the 
crankshaft is geared to the camshaft (and auxiliary shaft 
where appropriate) in the proper manner, then the esscntial 
synchronism is achieved. 

It is highly desirable that the lay should stay in the back 
position as long as possible so as to give the shuttle more time 
to pass. This requires that the lay should move in a fairly 
complex harmonic motion. To understand this it is necessary 
to analyze the mechanism. To simplify the motion, it is 
possible to assume that the point C moves along a straight 
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line rather than along an arc (as the radius CD is always 
large compared to AB. this is a reasonable assumption). 
For the purposes of explanation, let it be further assumed 
that the line of action of C passes throuBh A and that the 
loom speed remains constant. Let 

r = length of crank 
I = length of connecting rod 
h = instantaneous perpendicular distance of B from line 

AC 
8 = crank angle relative to inner dead center (in radians) 
= inclination of connecting rod to AC (in radians) 

x = displacement of lay from the beginning of its stroke 
u = velocity of lay 

f =  acceleration of lay 

UJ = angular velocity of crank in radianslsccond 

= dx/dt 

= d2x/dt2 ’ 

Displacement .Y = I + r - I cos # - ~ C O S  8 

= r(1 - c o s q  + /(I - cos+) 
but It = r sin 8 

= Isin+ 
r 
1 

sin+ = - sin 8 therefore 

By Pythagoras cos+ = v’r-siGF& 

Substitute in eqn. (11.4) 

(11.4) 

j f )  2- sin2 0 
X I 
r r - = ~ + - - c o s ~ -  
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Fig. 11.11. Effect of short connecting rod 

2 
but if 02 = (i) - sin2 e 

d .Y Differentiating o = - 
d t  

d s  dR 

d x  
de 

= %*Tt 
- - 8 . -  

Sin2 0 is small c o m p r c d  to 12/r and it is a close approxima- 
tion to write D = l / r ,  whence 

(11.5) 
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TABLE 11.1 

l!S&ct Of Varying the Connecting Rod LangtI~ 

Nr Conntctiq Type of Mocenant Qpe of Fabric 
Rod 

Greater than 6 Long Very smooth with Fine cotton 

Between 6 and 3 Medium Smooth Medium density 

Lcss than 3 Short Jerky with high Heavy cottons 

low acceleration Silk 
forces Continuous filament 

cottons 

acceleration forces Woolen 

Figure 11.1'1 shows a series of curves for various values 
of I/r. It will be seen that as the connecting rod is made 
shorter there is an increased deviation from the pure sine 
wave (the sine wave represents simple harmonic motion or 
SHM). This is another way of saying tha t  the lay lingers in 
the back position because of the shortness of the connecting 
rod, and it is this which is used to advantage in the loom. 

There is a limit to thc amoiiiit of deviation which can be 
achieved because as I -+ r the mechanism becomes unwork- 
able; when / = I', the crank and the connecting rod could 
spin round a common center and the lay would not move at 
all. In fact, when the connecting rod is made too short, the 
system will jam and it is normal for / > 2r. 

The value of / / r  used in a loom depends upon whether a 
smooth action is required or whether an impulsive jerky type 
of beat-up is needed; this in turn depcnds upon the fabric 
to be woven and the width of the loom. A fine delicate 
fabric should not be roughly handled, whereas a coarse 
staple yarn may require a sharp beat to be effective. With 
a wide loom, the shuttle transit time is long; this leaves less 
time for the other functions and therefore the beat-up has to 
be short if the loom speed is to be kept up. For example, / / r  
for a 45 in. loom might be 4, whereas for an 85 in. loom it 
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might be as low as 2. The range of values for various condi- 
tions is shown in Table 1 1. I .  

Generally, the long connecting rod enables a light loom 
construction to be used whereas the short connecting rod 
demands a heavy construction which adds to the weight of 
the reciprocating masses and further iiicreases the forces; 
To understand how the liigh accelerations arise, it is necessary 
to differentiate eqn. (1 1.5). 

f = dv/dt 

The lay acceleration 

= w . dv/dO 

(11.6) 

It will be noted that pure S H M  would give an acceleration 
of co2r cos 8 and the difference caused by the short connecting 

rodis v c o s  28. An infinitely long connecting rod would 
make the difference zero and the movement would be SHM; 
however, if / / r  = 2, the peak accelerations will be more than 
50 per cent higher than with S H M .  (When fl = 0, 180°, 360°, 
etc., both cos 8 and cos 28. = 1 .O; thus the portion of eqn. 
(11.6) in brackets becomes 1 + A , i.e. only slightly less than 
the maxima which occur at angles slishtly diffcrent from 
those quoted, With S H M  the maximum value is 1.0.) Since 
force = mass x acceleration, and since the lay is relatively 
massive, these differences are important because the forces 
can become very large. 

The foregoing has been developed on the basis of several 
simplifying assumptions, but even in the more complex 
cases, there are similar results; however, any further such 
mathematical developinent is beyond the scope of this book. 

The Beat irtg Act ion 
The motion of the reed positions the filling. but in so doing 
it has to push against frictioiial forces imposed by the 
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(b)  
BEATING ON AN OPEN SHED 

BEATING ON A CROSSED SHED 
I 
I 
\ 
i 

Fi&. 11.12. The forces &I brruinp 

warp. The magnitude of these forces depends on the co- 
efficient of friction between the warp and filling, as well as 
the reaction between them (this reaction arises from the 
interlacing). 

Consider a filling yarn about to be moved towards the 
fell of the cloth as illustrated in Fig. 1 1.12. The yarn tensions 
on a single end are as shown on the right-hand side of the 

215 



diagram. In addition, there are other reactions from the 
opposite interlacings as indicated by R’. As the filling is 
moved towards the fell, the angle x stecpens, the magnitude 
of R and R‘ increases and moves away from 90”. When 
moved far enough into the fell, the aiigle tp becomes so acute 
that the filling would be squeezed out if it \+ere not restrained. 
There is a critical value for y which i s  determined by the 
coefficient of friction. Thus the minimum pick spacing which 
can be obtained by beating on an open shed is determined by 
the coefficient of friction between filling and warp. 

When beating on a crossed shed, 3’ is more nearly equal to 
a and there is a smaller tendency for thc filling to be squeezed 
out. Hence closer pick spacings can be obtained. 

Let the general case illustrated in Fig. 11.12(c) be con- 
sidered. The force needed to move the filling over a single 
warp end consists of two parts: the first is a component of 
the reaction R resolved in the direction oE beating, and the 
second is a frictional component which also has to be resolved 
In the same direction. 

The force needed to cause the filling to slip (F) = pR and 
this acts perpendicularly to R ;  thus the resolved component 
is F = p R  sin y. 

Rtsohing the direct forces vertically, 
R sin y = T, sin y + T I  sin x (11.7) 

therefore 

beat) 

F = pT2 sin y + pT2 sin cz 

Resolving the direct force horizontally (in the direction o f  

(1 1.8) Tz cos y - Ti cos x = R cos w 
Beating force/warp end 

F“ = R cos y + p R  sin y/ (11.9) 

.??‘=T2cosy- T , c o s a + p R s i n y  
Substitute for R sin y and we get 
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F" = T2(cos y + p sin y )  - T,(cos a - p sin a) 

but from Amontons' law of wrap friction 

TI = T , d  

where@= - p  [n - ( a + r ) ]  

therefore 
F" = T,{(cos y + p sin y )  -Ke- + I )  (cos a - p sin a)} 

(11.10) 

When the angle 1' is small, as it often is, then eqn. (1 1.10) caq 
be simplified as follows 

F" = T2(1 -Ke-"" (cos u - p sin u)} (11.11) 
If further approximation is tolerable then this can be 

reduced to F" = 2p(sin m)T2 or even to F" E 2paT2. 
Bearing in mind that the angte a is determined by the 

crimp levels, the yarn dimensions arld the pick spacing, it 
will be realized that the beat-up forces are affected by them 
too. Also, the tension T, is affected by the beat-up and, as 
demonstrated above, the beat-up force is also a function of 
T2; this is another reason why it becomes progressively 
more difficult to beat up as the filling is pushed into the fell 
of the cloth. Indeed, too heavy a beating action to achieve 
a close pick spacing will produce a condition known a4 
burnping; here the whole beat-up force is taken by the warp 
and the fabric ahead is temporarily relieved of tension. 
Bumping usually indicates a jamitred fabric; that is, one 
which cannot have a closer pick spacing due to its construc- 
tion. 

Referring again to Fig. 11.12(a), it will be seen that the 
angle z is fixed by the dimensions 111 and 1. At the beginning 
of beat-up, I is long and z is small but as the process proceeds, 
I gets shorter with the result that x becomes more acute. 
Hence, as beat-up proceeds, the beating forces increase until 
the lay is reversed or the bumping condition is reached (see 
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Fig. 10.8). Because of this, it is important to set the loom 
properly to prevent undue stress; high stresses lead to 
increased ends down and consequent loss of production. 
Also it is possible to damage the machirrery, particularly if it is 
designed only for light fabrics. 
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12 
SHU'ITLE PICKING AND CHECKING 

Key words : Alacrity, binder, buffer, checking, coeficicnt of 
restitution, controlled binder, kinetic energy, lug strap, natural 
frequency, nominal mwement, overpick loom, picker, picking, 
picking stick, picking cam, pitch, roll, shuttle box, shuttle box 
length, simple harmonic motion (SHM),  stick checking, under- 
pick motion, yaw. 

The Energy of Picking 
To accelerate a shuttle to the necessary speed in the very 
short time available requires that considerable amounts of 
energy should flow in that short time. This means that there 
has to be a source of energy as near to the shuttle as possible, 
with as little intervening mass as possible. Such masses 
impede the flow of energy and make it more difficult to 
accelerate the shuttle. In the conventional loom, a transient 
source of energy is the picking stick itself; this is normally 
made of wood, which is a very resilient material capable of 
storing remarkable amounts of strain energy. The primary 
source of energy is the electric motor, but the energy is 
transmitted through a cam/linkage system which has 
considerable inertia. Without the resilient stick to store 
energy at appropriate times (i.e. with a perfectly stiff mech- 
anism), such a cam/linkage system would be unsatisfactory. 
If suiiicient energy were transmitted to give adequate 
acceleration, the forces generated in some parts would be 
above the safe working limits and failures would occur. 

A conventional system works, in the first part of the 
operation, by causing the drive end of the mechanism to 
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start with little or no motion by the shuttle and picker. This is 
achieved by the action of the binder which temporarily 
restrains the shuttle. During this first phase, various parts of 
the mechanism are strained (especially the picking stick) and 
strain energy is built up. During the subsequent phase, the 
direct motion of the drive end continues but the shuttle now 
moves. The direct motion and that due to the sudden un- 
bending of the picking stick are superimposed to give a very 
rapid acceleration. There is a sort of whiplash effect, which is 
extraordinarily effective in producing the acceleration re- 
quired without producing unacceptably high stresses in the 
mechanism. 

The Motion of the Shuttle during Acceleration 
The force applied to the shuttle is proportional to its mass 
and the acceleration involkd (i.e. force = mass x accelera- 
tion). For a given shuttle, it is necessary to restrict the 
acceleration if the limiting force is not to be exceeded. The 
limiting force is determined by the strength and durability 
of both the shuttle and the propulsion mechanism. In this 
respect it is the peak acceleration that is important (rather 
than the average value), and this peak should be kept as 
low as possible. On the other? hand, to get a high loom speed 
it is necessary to have a high average acceleration. These 
requirements clash, but the conflict can be lessened by 
making the ratio of peak to average acceleration as low as 
possible. This implies that the shuttle displacement curve 
should be parabolic, as shown in Fig. 12.1. This can be ex- 
plained in mathematical terms as follows. 

x = ut2 + bt + c 
where a, b, and c are constants and the eqn. (12.1) describes 
a parabola 

Let 
(12.1) 

t = time (t K 9 approx.) 
8 = angular position of crankshaft 
x = position of shuttle from some reference 
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Fig. 12.1. Shuttle dirpbcement 

Differentiating 
shuttle velocity = R = 2at + b 

shuttle acceleration = X = 2u = constant 
wherex = dxldt 

ft = daxidta 
Under these circumstances, the ratio of peak to average 

is unity, which is the lowest possible value; this means that 
for a given loom speed, the shuttle acceleration (and the 
force applied) will be the lowest possible. 

The force pulse applied to the shuttle in this case will 
be rectangular, similar to that shown m Fig. 1 1.5; the steps in 
force levels are likely to create unwanted shocks which lead 
to the production of noise and vibration. To reduce shocks, it 



is necessary to round off the flanks and this implies that the 
displacement curve has to depart a little from the simple 
parabola. 

The accelerating distance s is of some importance. From 
space considerations, it ought to be as short as possible, but 
from force considerations it ought to be as long as possible. 
Bearing in mind that there are geometric limitations in any 
picking mechanism and that the maximum forces acting on 
the shuttle arises elsewhere, it is usual to make x about 
20 cm (8 inches). This determines the shuttle box length as 
well as the difference between the loom and fabric widths. 

The motion of the picker is never geometrically similar to 
the shape of the picking cam; however, to overcome this in 
the present discussion, let the cam shape be defined by the 
motion of the picker, it being recognized that the actual cam 
shape has to be modified to take into account the geometry of 
the linkage. 

There is another and very important factor to be consid- 
ered. The picking stick and other parts deflect under the 
loads encountered under running conditions; it is necessary, 
therefore, to make another modification to the cam profile 
if the actuaf shuttle motion is to approximate to the para- 
bolic ideal. If the loon1 is turned over very slowly with no 
shuttle, there will be little or no load on the system; it will 
behave as if the components were perfectly stiff. Let the 
movement obtained like this be referred to as the iiorninal 
mocemenf. The actual movement, obtained under normal 
running conditions, differs greatly from this because of the 
deflections of the various components in the system (see 
Fig. 12.1). 

Assuming the system to be perfectly elastic: 

force a acceleration 

force a deflexion 

acceleration a deflexion 
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or in symbols, . 

where n = a constant which is known as the a/acritj* 
x = shuttle acceleration 

(s - x)  = elastic picker displacement 
s = nominal displacement of picker 
x = actual displacement of picker 

2 = na (s - x) (1 2.2) 

Equation (12.2) is mathematically identical to that for 
simple harmonic motion. This implies that the picking stick 
with its various associated masses is in fact a vibratory 
system which has its own particular natuwl frequency. This 
vibratory motion, which is superimposed upon the applied 
motion derived from the cam, is fairly heavily damped so 
that it scarcely carries over from one pick to another; 
nevertheless, it is very impdrtant in determining the behav- 
ior of the picking system as a whole. 

In a normal loom, it is neoessary to apply an average force 
F, to the accelerating shuttle for a time r ,  at the beginning 
of each pick. Since it is required that the strain energy be 
released in the time r,, it is most desirable that the natural 
fFequency should be such that at least a quarter cycle of 
vibration should be completed in the time 1,. Since the 
alacrity is pmportional to the natural1 frequency (which in 
turn is a function of the mass and elasticity of the system), 
the foregoing really fixes the flexibility of the picking system 
for a given shuttle weight. In a typical case, the force F, might 
be of the order of 50kg ( 1  10 lb), the time over which this 
force has to be applied (i.e. t , )  might be some 0.02 sec and 
the relative deflection of the picker might be over 5 cm (2 
inches); the natural frequency might be about 20 c.P.s., 
which is equivalent to an alacrity of about 120/sec. 

The energy stored in deflecting the stick by the stated 
amount might represent as much as a quarter of that needed 
to propel tlie shuttle at the required speed. The strain energy 
released at the appropriate time gives that extra impulse 
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that makes the system so effective. If  the stiffness of the 
system is too low (i.e. the alacrity is too low). the propulsion 
phase of the pick will be coinpleted before all the energy has 
bcen released and this will reduce the effectiveness of the 
system. If the system is too stiff. the energy is released too 
quickly and the energy is largely dissipated i n  noise and use- 
less vibration. Thus it is important that the picking mechan- 
ism be properly designed to meet the requirements of the 
particular loom working with its particular shuttle at  its 
particular speed. Of course there is some band of tolerance 
and it  is, for example, possible to speed up  a looin to some 
degree without redesigning the picking system; to get the 
best possible advantage. however, it is worth making sure 
that the design is reasonably adequate in this respect. 

Another factor must be considered. The rest position of 
the shuttle determines the amount of energy that is built LIP 
and this in tu rn  determines the shuttle velocity. I n  normal 
weaving, this rest position varies from pick to pick and 
therefore the shuttle velocity also varies. The arriving 
shuttle tends to bounce away from the picker and to leave a 
gap just before picking starts. The size of the p p  is de- 
pendent on the arrival velocity of the shuttle; thus there is an 
unstable sittiation which is characteristic of most looms. 
The instability is made worse by certain other factors (such 
as the torsional oscillation of the bottom shaft) but these 
other factors are rather difficult to control without re- 
designing the loom: conseqiiently. they will not be further 
discussed here. The gap. however. can be controlled : for 
example, a good controlled butler or other device can return 
the stick and the shuttle to their proper startins positions and 
thus eliminate somc of the instability. A smoother running 
loom tends to be more eflicient in  all wises end it is ~is~iiilly 
worthwliile to eliminate the causes of irregularity. 

It was suggested earlier that a parabolic niotioii was 
usual and that this would produce a rectanfular force pulse 
on the shuttle. Equation (12.2) sugysts t h u t  the value 
(s - s) is proportional to the fwcc ilplicd to the shuttle; 
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Fig. 12.2. Vary* m k d d  a d w n t ~  of a cam 

however, Fig. 12.1 shows this to be untrue. One reason for 
this is that the alacrity is not a constant; it varies from time 
to time within the cycle. The alacrity is dependent on the 
mass-elastic behavior of the whole system and this means 
that the driving shafts and linkages are all involved to some 
extent. The cam and follower in this system act as a link 
which transmits some of these effects to a varying extent 
dependent on the angular position of the cam. Referring to 
Fig. 12.2, it will be seen that when the follower is climbing 
the flank of the cam, forces may be transmitted either way 
through the system. When the follower is at either extreme; 
no such transmission is possible; rotation' of the cam causes 
no movement of the follower and a force exerted on the 
follower merely tends to dent the surface of the cam. In fact, 
the extent of the force transmission depends on the local 
angle between the cam surface and the follower and thus it 
varies from time to time. Hence the effect of the bottom 
shaft, and other systems connected to it, is not constant. 
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Where the drive to the cam is stiff, this is not of great 
significance, but where the drive is flexible, the effect can be 
quite noticeable. 

In the normal loom, the driving motor is located to one 
side, the motion being carried to the other side by shafts. 
In picking, it is necessary to have a cam system on either 
side of the loom; one is driven by a short stiff shaft and the 
other by a long flexible extension of that shaft. This affects 
the behavior quite markedly and it is usual to fit unlike 
cams, i.e. the cam at the end of the flexible shaft is modified 
to take the difference into account. This is a further reason 
for care being taken with cams. Even with the modified cam 
profiles, picking is frequently uneven and must be adjusted 
to give equal “strengths” of picking by altering the position 
of the lug strap. 

Parallel Motions 
If a picking stick were to swing about a simple fulcrum 
at  one end, the other end would move in an arc; however, the 
shuttle moves in a straight line. The older ocerpick looins 
(which have mechanisms such as that shown in Fig. 12.3) 
solve the problem by constraining tlie picker by guides and 
allowing the motion of the strap to compensate. Some looms 
with an underpick motion also have guided pickers, and in 
this case the picker can slide on the picking stick to achieve 
the necessary compensation. A different approach is to use 
a curved foot (Fig. 12.4) or an equivalent linkage to came 
the stick to lift as it rocks, and to do so in such a way that 
the free end of the stick moves in a straight linc. In this way it 
is possible for tlie picker to be attached firmly to the free 
end of the stick. It is essential, however. that the stick should 
be properly restrained so that it cannot lift except as desired. 
One consequence of an unsuitable lift is that the shuttle may 
be projected in a wrong direction and fly out of the loom; 
this is highly dangerous. An iinsuitablc lift might also damage 
adjacent mechanisms such as the qui l l  changing device. 
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Fig. 12.3. Owrpick loom picking mechanism 

Stick Checking 
At the time that the shuttle leaves contact with the picker, 
the picking stick has completed its task but it still possesses 
appreciable kkeric energy. This encrgy has to be dissipated 
before it can be returned to its starting position in readiness 
for the next pick from that side. The simplest way of doing 
this is to place a resilient buffer in the path of some portion 
of the stick, but this produces a heavy concentrated load 
at the impact point. Furthermore, the load caused by the 
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decelerating stick is distributed on either side of the impact 
point, with the result that there is severe bending as the 
stick tries to wrap itself round the bufer. When it is realized 
that the kinetic energy possessed by the stick just before 
checking is about the same as that possessed by the shuttle, 
and that it is decelerated in a fraction of the time that was 

NOTE. 

ER 

ON A FLAT SURFACE. POINT 0 
MOVES PARALLEL TO THAT SURFACE 

IF THE PICKER IS SITUATED AT 0 
AND BASE 6 CURVED TO RADIUS R. 
M E N  ROLLING THE PICKING STICK 
ON THAT CURVED FOOT CAUSES 
THE PICKER TO MOVE IN THE 
DESIRABLE STRAIGHT LINE 

RETURN SPRING 
AN0 STRAP 

Fig. 12.4. A normaf underpick mofion with a cnrvcd foot 

spent in .accelerating the system, i r  will become evident that 
the forces involved must bc very large. The highest stress 
levels in the picking stick are encountered at this time, stick 
failures occur most frequently at this time and stick damage 
builds up due to the impacts met during this phase of the 
stick motion. The stick vibrates within its own length and 
a number of unintentional movements are generated; the 
stick is usually thrown backwards and forwards wahin the 
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constraints of the linkage and it may also lift. These 
movements can cause subsidiary damage; more important, 
they cause considerable noise and vibration through the 
whole loom. 
Shuttle Checking 
After the shuttle has traversed the warp shed and has left its 
trail of filling behind, it too has to be decelerated very 
rapidly. It is not possible to use a check as severe as that used 
for the stick, as this would cause the yarn to move on the 
quill (which would make it impossible to unwind properly 
and would lead to loom stops). The system almost univers- 
ally used is shown in Fig, 12.5. The birders (swells} rub on 

PICKER COVERING BINOER 

FLARE0 ENTRY 
TO SHUTTLE BOX 

the incoming shuttle and the frictional force slows down the 
shuttle but does not stop it. The final braking action is 
obtained as the shuttle collides with the picker, which at  
that time is backed with a suitable buffer. The binders are 
not very effective as a brake but they do serve another 
purpose (see page 2203 ; they rarely remove more than about 
20 per cent of the kinetic energy from the incomiiig shuttle, 

At the risk of considerable oversimplification, conside 
the following theoretical model. To avoid the difficulties of 
asymmetrical loading of the shuttle, let the binder be split 
into two equal parts and let one part act on one side of the 
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Fig. 12.6. 
Theoretical model 

shuttle and the other on the opposite side as shown in Fig. 
12.6. Furthermore, let bcth portions of  the binder act in the 
same way so that at any given time thcy both have the same 
velocity. Let subscripts s and b refer to shuttle and binder, 
respectively. 

In general, 

force = mass x acceleration 

Retarding force acting on the shuttle 
=Fs = M ,  x dVs{dt 

Also F, = ,lL(ki' Fb") 

but 
and 

Fb' = Fb" = Fb 

FI, = i h f b  X (d v b  l d t )  
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Therefore M ,  x dV, = / L M ~  x dVb (1 2.3) 

This equation has the same form as that which describes the 
collision of two bodies traveling along the same line of 
action, except the two inasses are MS and p M b  instead of their 
real values. Using the classical solution to the simple collision 
problem and defining the coeJ'iciei7t of restitution ( e )  as the 
ratio (V,' - b'b' ) /vs,  we may formulate the change in shuttle 
velocity as follows. 

(N.B. the superscripts refer to the stated quantities just 
after impact and V, is defined below.) 

(12.4) 

where e = the coefficient of restitution 

M ,  = the mass of the shuttle 
h f b  = the mass of the binder 

dV,  = the change in shuttle velocity 

p = the coefficient of friction 

V, = the velocity of approach of the shuttle 

Apart from the somewhat sweeping, assumptions made, 
the coefficient of restitution is not a constant and if there is 
vibration present, it can vary with conditions (between 0.2 
and 0.6). For the present purpose, this is of no great impor- 
tance since the equation is much more sensitive lo changes in 
p and Mb.  There is only a limited range for the coefficient of 
friction; therefore, the binder mass is seen to be the most 
important factor. 

Experimental work has denionstrated that chan.gjng the 
nature of the binder covering has little elkct. Traditionally, 
the covering was leather and this provided durability and a 
reasonably high coefficient of friction against the wood of the 
shuttle. Attempts to replace leather by materials of different 
coefficients of friction sometimes yielded strange results. For 
instance, substituting a steel strip for the leather produced a 
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more effective chcck even though tlie coeficient of friction 
was reduced; this was because the inass of the binder was 
increased and this iiiore than compensated for the change in 
frictional character of the surface. Resilient backings altered 
the time of contact between the binder and shuttle and there- 
by decreased the average pressurc, but this had little or no 
effect on the amount of energy extracted from the shuttle. 

In the normal system, the remaining kinetic energy in the 
shuttle has to be dissipatcd by striking the picker attached to 
the picking stick at the arrival side of the loom. Apart from 
the energy extracted by the buffer, the impact with the picker 
and its associated masses causes energy to be dissipated. In 
fact, this is the classical impact case and eqn. (12.4) can be 
rewritten as 

(12.5) 

where M ,  is the mass of the picker and associated masses. 
Other symbols are as for eqn. (12.4). 

Since M ,  and M, are roughly of the same magnitude, the 
change in shuttle vclociry is very large; it is possible for the 
change to be as high as 70 per cent of the arrival velocity. 
This may be compared to a normal change of about 20 per 
cent caused by tlie binders. Some of the energy of the 
approaching shuttle (but not all of it) is converted into 
kinetic energy in the picker and its associated masses. This 
energy is dissipated by the buffer and the stick is brought to 
rest only to suffer another blow from the shuttle. However, 
this blow is a light oiic and h a s  little significance. If the loom 
is set correctly with a good bufTer. the separate actions just 
described may niercge into one continuous action. A typical 
checking characteristic is given in Fig. 12.7 and this also 
shows the acccleration for comparison. It also shows the 
loss in velocity during transit across tlie warp shed. The mass 
Mp is significant and an increase in mass could b' w e  a more 
rapid checking action but any change in M ,  will alter the 
alacrity; thus there is little chance of securing a gain in this 
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Fig. 12.7. Variatwii of shuttle velocity rlurirg one pick 

direction. Furthermore, the checking distancc is important. 
Most of the shuttle deceleration is coniined to the last inch 
or so of its travel. The shuttle wis accelerated over a distance 
of several times this, hence the forces involved in shuttle 
checking are considcrably larser than in picking. The 
acceleration (or deceleration) of the shn:tle has to bc limitcd 
to prevent damage to the )nr i i  ciii thc quill, As loom speeds 
rise, this problcm beconies more acutc. 

The shuttle is a projectile whosc path is not subject to 
exact restraint. The path is not linear. bccause of the move- 
ment of the lay. To this milst be added thc erects of contact 
with the reed, lay and warp. It is normal for the shuttle to 
roll, pitch and yuw (see Fig. 12.8) as it passes across the 
warp shed. Consequently, the shuttle rarely enters a shuttle 
box cleanly; often it enters obliqucly with the result that 
appreciable transverse forces are generated. Measurcments 
have shown that these can be as much as ten times the worst 
force acting along the path of the shuttle. These forces can be 
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very damaging to the yarn on the q u i l l  and sometimes even 
to the shuttle. Carcful scttinl; of the picking mechanism can 
minimize this ditficulty. 111 particular, thc path of the picker 
can be very important and any tendency for it to rise during 
picking will cause the shuttle to de\iate from its intcnded 
path. Hence, the parallel motions described earlier are seen 
to be very important. 

[NOSE UP A N 0  OOWN) 
PITCHING 

;E UP A N 0  OOWN) 

Fig. 12.8. Shutrlc movemiits during flight 

An interesting conccpt in chcchin; is to LISC multiple 
binders so that thc shLittle is retarded i n  slcps. This dis- 
tributes the load and inbtead of a single blow to reduce the 
shuttle speed before it collides \\it11 the picker, it is possible 
to have several lesser blows. The shocks arising from these 
lesser blows are more tolcrable than those from the single 
one. An established variant of this is to use a co/i/ro//ec/ 
binder system comprising two units. One of these acts 
independently like the normal bindcr niid the othcr has a 
variable spring pressure which can bc applied ur released 
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at various times in the weaving cycle. Although its main 
purpose is to control the shuttle duringpicking, the auxiliary 
binder also helps in checking. 
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13 
AUTOMATION AND CONTROLS 

Key words: back rest, barrt!, battery, beam ruffle, bobbin 
loaders, box chain, 2 x 1 box motion, box motion, bunch, 
bunter, center filling fork, change gear, cloth roller, dagger, 
direct take-up, . drop wire, drolppers, feeler, filling transfer 
mechanism, fork, frog, give-way, hammer lever, knock-o f f  
device, knock-off motion, let-off motion, loose reed, 
magazine, midget feeler, multiplier chains, negative-feed- 
back, negative let-off, pawl and ratchet, pick-and-pick, 
pick at will, pinned, positive let-off, protector feeler, race- 
board, risers, semi-positive let-o f f ,  sheath, sinkers, side 
filling fork, smash, stop motions, stop rod finger, take-up 
roller, temples, tin fillets, transfer- latch, unifil, warp stop 
motion, well, worm and wheel. 

In a loom there are many mechanisms to control the warp 
and fabric tensions, fabric width and color pattern in the 
filling direction. There are also some automatic protection 
devices such as warp and filling stop motions. One very 
important mechanism on the loom, which gives the loom 
the adjective “automatic”, is the filling transfer mechanism. 

Warp Let-off Motions 
The function of a let-off motion is to apply tension on the 
warp yarns to help form a clear shed. The tension also has 
to be high enough to develop the forces required between 
the warp and filling to form the cloth. The tension ratio 
between the warp and filling has to be correct, otherwise 
the crimp levels are improperly balanced; this affects the 
appearance of the cloth. The let-off motion applies the 
tension by controlling the rate of flow of warp yams. 
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= SUM Of TENSION ON WARP ENDS 

BEAM RUFFLE WITH 
ROPE WRAPPED AROUND 
IT TO SUBTEND ANGLE e 

Fig. 13.1. Negative let-off ;riot to scale. 

There are three differcnt typcs of let-off motions, namely: 
(1) Negative. 
(2) Semi-positive. 
(3) Positive. 

1. Negative Let-off 
In this case the pull of the warp is purely against friction 
forces in the let-of motion. To demon2trate the principle 
of negative let-om, Ict the simple non-automatic mechanism 
shown in Fig. 13.1 be considered. The tension of the warp is 
regulated by the friction between chain or rope and the 
beam rufle. 

Taking moments about the center of the beam 
T x R = (Tt - T,) x r (13.1) 
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and by Amontons’ law 

-- Tt - ,ue (13.2) 
Ts 

where p = coefficient of friction bctween the chain or rope 
and the beam ruflle. 

6 = the angle of lap 

Taking moments about the hinge 0 of the lever: 
T ~ x x = W X ~  (13.3) 

T,= W -  Y (13.4) 
X 

.. 
Substituting for Tt and T, in eqn. (13.1) 

. .. 

i.e., 

r 
T = ~ T ~ ( I - $ )  

r V - -  x W -  (1 - cue) - R  X 

1 
TCZ- R 

(13.5) 

(1 3.6) 

This means that the tension of thc warp increases as the 
radius of the warp on the beam is reduced. This cannot be 
allowed in practice and the increase in teiisioii must be 
balanced by moving the weizht towards the fulcrum 0, 
to reduce the distaiicc y. Therefore. thc condition needcd to 
maintain a constant warp tension is that 

= constant (13.7) 

The movement of the weight can be either manual or 
automatic. In modcrn lowis, only neptivc let-off motions 
of the automatic type arc used. I n  this case, the weight is not 

238 

R 



moved along the lever, but the lever is fixed in a different 
way such that any change in tension causes a change in the 
moment applied. 

2. Semi-Positive Let-of 
In the case of negative let-off the warp is pulled off the 
beam and the tension is regulated by slippage in a braking 
system. In a positive let-off, the beam is driven through a 
positive mechanism where no slippage takes place. This latter 
type of mechanism is seldom used and in most cases the 
tension is controlled by a mechanism driving the warp beam, 
which allows a certain loss of motion (or slippage) whenever 
the tension increases. Basically these are crude rtegntitu-feed- 
back automatic-control systems which are related to controls 
such as are used in autoleveling during sliver production. 
These mechanisms are sometimes considered positive, but 
in reality they are semi-positive. 

Figure 13.2 shows an example of a semi-positive let-off 
motion. The warp beam is driven through a M ’ O N ~  and w l w f  

C D 

1 
W 

WWNWARO MOVEMENT 
OF D DISENGAGES PAWL 
AN0 LOCKS RATCHET 

UPWARD MOVEMENT 
OF 0 ENGAGES PAWL 
AND FREES RATCHET 

WORM AND WHEEL 
DRIVES WARP BEAM 

PAWL AN0 RATCHET 

Fig. 13.2. Srd-positive let-off 
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which are turned by a paid arid ratchet (R). The warp passes 
over a moveable back rest (B). If the warp tension is reduced, 
the back rest is moved up  under the influence of the weighted 
lever (CD).  The motion is transmitted through levers to a 
sheath which locks the movement of the ralchet wheel 
and disengages the pawl until the tension increases again 
to the normal level under the influence of the cloth take-up. 
If the tension increases beyond normal, the back rest is 
lowered, which causes the sheath to be moved away from the 
ratchet wheel; the let-off is restarted and overfeeds slightly, 
causing the tension to drop. The tension remains nearly 
constant between limits, and does not depend on the warp 
diameter on th’e beam. 

There are many semi-positive let-off mechanisms designed 
to control the warp tension and it is beyond the scope of this 
book to discuss all of them. 

Fabric Take-up Motions 
As the picks are inserted, the point of fabric formation has 
to be moved and, to maintain the same pick spacing, the 
rate of movement must be kept constant. 

The fabric commonly follows one or other of two paths. 
These are used in the direct and indirect take-up systems, as 
shown in Fig. 13.3. In the indirect system, at (a) and (b) the 
fabric is passed over a take-up roller before being wound over 
the cloth roller. The cloth roller of (a) is driven through 
friction between it and the take-up roller. This is suitable for 
spun yarn fabrics, since the friction does not produce a 
critical defect in the fabric. In the case of the indircct motion 
at (b), the cloth roller is negatively driven and is kept away 
from the take-up roller; this makes this type of motion 
suitable for the more sensitive continuous filament yarn 
fabrics. One of the advantages of this system is the possibility 
of cutting the fabric and removing the cloth roller without 
stopping the loom. 

The motion shown at (c) is known as “dircct take-irp”; 
the fabric is wound on the cloth roller directly with a press 
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( C )  

DIRECT TAKE-UP 
SYSTEM 

DRIVEN BY RATCHET 

& 13.3. Cloth take-up syrtem; 

roller. The drive of the cloth roller is of the negative type so 
as to reduce the rotational speed as the diameter of the 
cloth on the roller increases. For this reason, the indirect 
take-up motions are normally considered positive whereas 
the direct motions are considered negative. 
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The take-up rollers are normally covered by tin fillets 
or rough rubber to increase the grip between the roller and 
the fabric. Also, the take-up roller is usually driven through 
a gear train which reduces a single movement of the pawl 
to the distance between two successive picks in the fabric. 
If the commercial range of pick densities is considered to 

TAKE-UP ROLL 

. RECIPROCATES 
DRIVES RATCHET R 

A.B.C 6 D R E P R E S E N T  G E A R S  

Fig. 13.4. Fire wheel take-np system 

be between 8 and 40 picks/cm (20 and 100 ppi), the 
distance moved by the cloth or take-up roller is between 
% and 1% mm/pick (0.01 and 0.05 inch/pick). This 
movement is very small and a gear train of 5 or 7 wheels 
must be used to allow for the large reduction in movement 
and to provide for the changing of the pick density of the 
fabric. This is normally achieved by changing only one 
gear, called the change gear, in the train. 

Figure 13.4 shows a 5-wheel take-up mechanism in  which 
the ratchet wheel ( R )  is moved the distance of one tooth by 
the oscillating pawl ( P )  for every pick. The pawl gets its 
movement from the lay mechanism. If R is the number of 
teeth on the ratchet wheel, one revolution of the ratchet 
wheel corresponds to R picks inserted into the fabric. 
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TAKE-UP 

SMALL 
CHANGE WHEEL 

STANDARD WHEEL 

WHEEL 

Fig. 13.5. Sewn wheel cake-rp system 

The length of cloth taken-up for every revolution of the 
ratchet wheel = ( A / @  x (C/o) x circumference of take-up 
roller (€). 

Pick density = Picks inserted + Length of Fabric Taken-up 

R 
( A / B )  x (C/O) x circumferenceof E 

= 

B D  1 
A C circumference of. E x R X - X - X  

A is the number of teeth of the change wheel. The other 
gears usually are not changed. Therefore, 

Pick density = cons tan t 
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Due to fabric contraction after leaving the loom, the 
pick density in the fabric is normally increased by 1.5-2 per 
cent. This has to be taken into account when designing the 
gear train so that, 

(13.8) constant (1 + K) Pick density = 
A 

where K = pementage contraction i 100. 
Many looms use a 7-wheel gear train similar to that shown 

in Fig. 13.5, in which case the change wheel is a driven gear 
instead of a driving wheel (as in the 5-gear train). The pick 
density is then given by 

Pick density = (constant x change wheel teeth)(l + K) 
(13.9) 

In this case, the gear train is usually designed so that the 
number of teeth on the change wheel is equal to the pick 
density. This means that the constant, after taking con- 
traction into consideration, is equal to unity. 

A very important point to be considered in the design 
of a take-up motion is the effect of imperfections in the 
cutting or mounting of the gears. Any eccentricity in a gear 
in the train produces cyclic variation in pick spacing which 
produces a defect in the fabric known as barre'. lf the spacing 
of the bars is either less than 2 mm or more than 25 cm, 
the effect is not readily seen in the fabric. Thus, in a well- 
designed take-up motion, the length of fabric woven during 
a full rotation of any gear in the train should be less than 
2 mm (0.1 inch) or more than 25 cm (1 0 inches). 

Figure 13.6 shows the Shirley take-up motion which was 
designed to satisfy this condition. The length of fabric woven 
for every rotation of the standard wheel A for a cloth of 
25 picks/cm (60 ppi) is about 1.7 mm (0.07 inches). The 
length of fabric woven for one revolution of the carrier 
wheel B is 1.4 mm. Every rotation of the worm wheel E 
produces 25 cm of fabric. In this mechanism, also, the 
number of teeth on the change wheel is equal to the pick 
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density. The minimum number of teeth on the change 
wheel to satisfy the previous condition concerning barre 
is 32. This good characteristic of the mechanism was 
made possible through the use of a worm and wheel with 
a speed reduction of 150: 1. 

STANDARD 
WHECL 

A C A R R I E R  X = 25cm (10inches) 

Ffg. i3.6. The Shirley toke-up. 

' l h m w s e  Fabric Control 
Due to the crimp in the filling yarns, a component of the 
tension exists in the filling direction (see Fig. 8.9). This 
force tends to bring the ends closer together, causing a 
contraction in fabric width. The contraction is exaggerated 
by the increase of warp tension or stiffness and also by 
increasing the twist in the filling yarn. When this contraction 
is allowed to be excessive, high frictional forces are created 
between the reed and warp yarns near the selvage. This, 
apart from affecting the fabric quality, also increases the 
warp breaks near the selvage and in turn reduces the weaving 
efficiency. To control the fabric width and maintain proper 
crimp levels for warp filling. the fabric has to be pulled at 
the selvages in the direction of the filling. This is done by 
using temples similar to those shown by Fig. 10.9. There are 
many types and designs of temples, but they all perform a 
W a r  function. 
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Warp Stop Motions 
One of the important automatic protective devices on the 
loom is the H W ~  stop motion. The main function of this 
motion is to stop the hoom, in a very short period of time, 
when a warp yarn breaks. This helps to maintain the quality 
of the fabric, and to reduce the time to repair the breaks, 
thus improving weaving efficiency. Both considerations have 
a direct effect on the economics of the process. 

OPEN-END CLOSED-END OPEN-END CLOSED-END 

MECHANICAL STOP MOTION ELECTRICAL STOP MOTION 
- - 

Rg. 13. Z npiccrl drop wirer 

There are two types of warp stop motions, viz. mechanical 
and electrical. In both cases a jeeier or drop wire is used for 
each warp end. The ends are drawn through the drop wires 
prior to weaving or they may be placed on the warp yarns on 
the loom. The drop wires (or droppers as they are sometimes 
caIIed) have to be thin, because so many must be fitted 
across the width of the loom. Typical designs are shown in 
Fig. 13.7. The droppers used for both mechanical and 
electrical stop motions are basically similar, but may show 
slight differences. They are either open-ended or closed. The 
open-end dropper can be placed or “pinned” on the yarn 
without threading, but the closed-end droppers are better 
secured to the yarn. 
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OMIT1 
ARITY 

WHEN OSCILLATING 
BAR IS LOCKED P 
BECOUES A PIVOT 
AND S UOVES 

WHEN OSCILLATIIK; 
BAR IS UNLOCKED 
S BECOMES THE 
PIVOT AND P 
MOVES 

OSCILLATING UOTION 
APPLIED HERE 

BROKEN END ALLOWS 
DROP WIRE TO FALL 
BETWEEN SERRATIONS 
AND LOCK THE TWO 
BARS TOGETHER 

I 

TO STOP UOTION 

Fig. 13.8. A tdcd nwr)uieal stop w & n  

The usual mechanical stop motions consist of two serrated 
bars, as shown in Fig. 13.8. One of the bars slides to and fro 
continuously with respect to the other. The droppers are 
held clear of the ~ F S  by the warp yarn. If a warp end breaks, 
the drop wire falls between the serrations and locks the 
two bars together. The movement of the drive is transmitted 
to a knock-ofmotion, i.e. it operates a device which stops the 
loom, usutllly by causing the starting handle to be moved to 
the “off’ position. The principle of using a lightweight 
device to insert a link in a power mechanism to initiate an 
operation requiring considerable force is very common ip 
weaving. 

Electrical warp stop motions, which have been in use for 
many years, are to be found on most modern looms. Two 
bars are used as electrodes connected to a transformer and a 
maggetic knock-of device. When a yarn breaks, the wire 
drops and completes the electrical circuit. The current 
passing through the circuit operates the magnetic knock-off 
device which stops the loom. 
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The loom must stop very quickly before the lay moves 
forward to beat the filling, otherwise thc weaver will have to 
reverse the loom for one complete revolution to remove the 
filling; this is necessary if the repaired warp end is to have the 
correct interlacing. 'I'he elkctiveiiess 01 the braking system 
may bc increased by disconnecting the clutch, so reducing the 
inertia of the systeni which is to be stopped. 

Filling Stop Motions 
Filling stop motions usually have a feeling device in the 
form of ajork. In some cases the fork is placed at the side 
of the reed and clear of the warp (sidejfillingjbrk), and in 
other cases the fork is placed at the center of the warp 
(center j l / ing  fork). The side fork systems feel the filling 
every other pick, whereas center fork systems feel the filling 
every pick. 

LAY MOVEMENT CAUSES 
FILLING TO LIFT FOR 

REED AND SHUTTLE BOX 
OMITTED FOR CL 

HAMMER LEVER 
OPERlTES CONTINUALLY 
ONCE PER TWO PICKS 

LEVER OPERATES "KNOCK OFF" 
MECHANISM O X Y  WHEN FORK 
END F OROPS AND ENGAGES 
HAMMER LEVER 

\LAY MOVEMENT 

Fig. 13.9. Typical side filling fork mechanism 
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A typical filling fork mechanism is shown in Fig. 13.9. 
The forward movement of the reed during beating pushes the 
filling yarn forward. The yarn acts on the fork ( F )  which is 
hinged at the point (H )  causing the bent end to be lifted, 
and this permits the loom to continue running. If the yarn is 
broken or the quili is exhausted, the fork stays with the 
bent end downward and this engages an oscillating hammer 
Zeuer ( A )  which takes the fork lever (B) backwards. The fork 
lever then knocks the loom starting handle to the "off' 
position. The hammer lever gets its movement from a cam 
on the loom camshaft. This motion is robust and simple 
and its only disadvantage is its failure to feel every pick. 
One way of overcoming this is to use two side fork mechan- 
isms, one at each side of the warp. 

CAM CAUSES FORK TO LIFT 
To ALLOW SHUTTLE TO PASS 

IF NO FILLING PRESENT 
DER FORK, LIFT ROD 

LINKAGE TO / 
STOP MOTION 

Fig. 23.10. Center fork atop motion 
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STOP - 

SPRING 

\ 
BINDER SHUTTLE ABOUT TO ENTER BOX 

LLL 

ROD FINGER 

DAGGER 

SPRING BINDER SHUTTLE ABOUT TO ENTER BOX 

S H U T T L E  BOX WALL S H U T T L E  BOX WP 

LOOM 
FRAME 

SHUTTLE ENTERING BOX CAUSES DAGGER 
TO MOVE IN DIRECTION X AS LAY MOVES 
IN DIRECTION Y. AND DAGGER DOES NOT 
ENGAGE FROG 

WILL ENGAGE FROG AND PREVENT A 'SMASH 
IF SHUTTLE FAILS TO ARRIVE, DAGGER 

Fig. 13.11. Worp protector motion. 

The center filling fork stop motion is more complicated 
and difficult to set. Several designs of center fork motions are 
available, but they are all basically the same. A well or 
channel is cut at the center of the raceboard. The fork is 
mounted on a bracket fixed to the front of the lay. Before 
the shuttle passes, the fork is raised clear of the shuttle. 
After the passage of the shuttle, the fork is lowered, and if 
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the filling yarn is present the fork is prevcnted from dropping 
into the well and the loom is permitted to continue running. 
At d certain crank angle the fork must be withdrawn to 
allow the filling to be beaten into the fell of the cloth. 

If no yarn is present, the fork drops quickly and operates 
the movement to stop the loom before the beating action is 
started. This simplifies repair and saves time. Figure 13.10 
shows a typical system; in this case, if the tilling yarn is not 
present, the dropping of the fork operates the knock-off 
device and the loom stops. 

Warp Protector Motion 
This motion is used on all conventional looms to stop the 
loom when the shuttle does not arrive at the shuttle box at 
the proper time. This action protects the warp for, if the 
loom continued to run, the reed would beat against the 
shuttle and cause damage to a large number of warp yarns as 
well as to the reed and shuttle (this is called a sntash). 

Two techniques are used. In the first, the reed can swing 
backwards when it meets a resistance greater than the 
normal reaction of beating-up (such looms are known as 
loose reed loonw). In the second, a mechanisni connected to 
the binders is used to knock off the loom when the shuttle 
fails to arrive at the proper time. The principle of operation 
of such a mechanism is shown in Fig. 13.1 1. When the 
shuttle arrives in the shuttle box, the binders move outwards 
by the impact of the shuttle. The outward movement of 
the binder produces a similar movement in the stop rod 
finger causing the duggcr to be lifted to clear the fi-08, and the 
lay continues to move forward for beat-up. If the shuttle is 
late, the dagger comes in contact with the frog, which is 
moved; the movement is transmitted to the knock-off 
mechanism, which stops the loom. Contact with the frog 
results in a very severe deceleration to the system and the 
parts involved must be extremely rugged. 
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SHUTTLE IN 
SHUTTLE BOX 

MOVEMENT 
OF LAY 

WHEN auiu IS NOT EMPTY, FEELER 
MOVES IN DIRECTION X AND NO 
MOVEMENT IS TRANSMITTED I N  
DIRECTION Y AND THE LOOM 
CONTINUES RUNNING 

SPRING 

WHEN FEELER TOUCHES THE BARE auiu 

IS TRANSMITTED TO au iu  CHANCING 

I T  SLIPS SIDEWAYS TO GIVE MOTION IN 
OlRECTlON X. THE SIDEWAYS MOTION Y 

MECHANISM (OR TO STOP MOTION FOR 
NON-AUTOMATIC LOOMS) 

RESERVE BUNCH 

Fig. 13.12. Mechanical we/i feeler 
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FiUing Transfer Motions 
Automatic filling supply is the principal feature of an 
automatic loom. Two main types of mechanism are used. 
In the first type, the whole shuttle is replaced. In the second 
type (which is now the most common) only the quill or bobbin 
is replaced; the exhausted quill is knocked out and replaced 
by a full one in the very short time that the shuttle is station- 
ary in the shuttle box. Further discussion is limited to the 
bobbin changer type of transfer. 

The mechanism is composed of three components; a 
feeling device, a transfer mechanism with associated linkage 
and a magazine or other quill storage. 

The feeling device can be one of three types; mechanical, 
electrical or photo-electrical. The feeler detects the difference 
between the yarn surface and the base surface of the quill 
tube. It is usual to have a “bunch” of yarn on the quill not 
detected by the feeler and this allows sufficient yarn reserve 
to carry over between detection and transfer. Figure 13.12 
shows the most commonly used mechanical feeler, the 
“Midget” feeler. When the filling yarn on the quill is down to 
the reserue bunch, the feeler blade comes in contact with the 
smooth surface of the quill and slides sideways rather than 
lengthways. This mvement is transmitted to the transfer 
mechanism (this is fixed on the magazine side of the loom 
which is normally remote from the feeler). 

In the case of electrical feeler, when the two probes merely 
touch the yarn, no transfer takes place; when the yarn runs 
down to the reserve bunch, the probes come in contact with 
the metal tube and complete an electric circuit‘. This passes 
current through an electromagnetic relay which initiates the 
quill transfer. 

The photo-electrical feeler consists of a photocell and a 
lamp. The light beam incident on the quill does not pass 
through to the cell until the yarn on the quill is down to the 
reserve bunch. When this happens, the cell induces a voltage 
and current passes through an electric circuit which initiates 
the change. 
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In rhe case of the iiiechankal feeler, a linkage between 
the feeler and tne transfer mechanism is needed to connect 
to the niugcizinc or hartcvy. This linkage usually consists of a 
shaft which rotates through a small angle to transmit the 
initiation of the change to the mechanism. Electrical and 
photo-electrical feelers do not need this type of linkage, since 
the initiation is transmitted by electric circuits. 

The magazine can be of the rotary or the vertical stationary 
types. The first type is the most commonly used on single 
shuttle airtomatic looms, whereas the second type is more 
popular on multi-shuttle automatic looms. The magazine 
is normally mounted on one side of the loom i n  such a 
position as to be above the shuttle box when the lay is a t  
front center. 

SHUTTLE BOX WALL 
OMITTED FOR 

WHEN SHUTTLE IS MISPLACE0 
IN SHUTTLE BOX, PROTECTOR 
FEELER P TAKES UP DOTTED 
POSITION CAUSING LATCH (a) 
TO DROP. NO CHANCE WILL 
THEN TAKE PLACE 

Fig. 13.13. Profcclor feeler for chaiigc nrcchaaism 
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When tlie quill is exhausted, the feeler slips to one side 
and turns the shaft connecting the components of the 
mechanism. When the shuttle reaches the magazine side. a 
protector feeler moves forward to the nioutli of the shuttle 
box. If the shuttle is not properly positioned, the protector is 
knocked away by the shuttle and the loom continues running  
without filling transfer. On the next pick the same proccdure 
takes place, and if the shuttle is not properly positioned the 
same happens unt i l  the yarn is completely exhausted and 
the loom is stopped. If the shuttle is in the proper position, 
which is normally the case, the tru17.@1* l r t d i  ( ( 4 )  (Fig. 13.13) 
is then lifted and locked with the transfer hammer. As the 
lay moves forward to beat the filling, the hirrtfiv (h) engages 
the latch (a), turns the hammer about its fulcrum and presses 
a quill into the shuttle, pushing the empty quill out through 
the bottom of the shuttle. The backward movement of the 
lay returns all the parts to their normal position and this causes 
the magazine to rotate through an anglejust enough to posit ion 
a new quill under the hammer. 

The movement of the shuttle from the magazine side 
partly threads tlie yarn, the threading being completed when 
the shuttle is picked from the other side. The end of the 
yarn from the old quill is cut by a cutter fixed at the temple 
and the end from the new q u i l l  is cut by the shuttle eye 
cutter. 

In multi-shuttle looms, several shuttles are used, either 
for mixing of filling yarns to prevent barre or for the use of 
color. In the first case, where a 2 x I ho.v mofion is used to 
insert two picks from each shuttle; a rotary magazine is 
normally used. When color is introduced, n rotary multi- 
color magazine can be used, but it is preferable to use a 
stationary magazine. Every color of filling is stacked 
separately. as shown in Fig. 13.14. There are many designs 
for the filling transfer on multi-color niagazines. 

The main difference between multi- and single-color 
magazines is that a color selecting device, working in 
connection with the box motion, is used. Also provision is 
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EMPTY a u u  EJECTED 
BY IHCOHINC FULL ONE 

Fig. 13.14. U quill maga:ine 

made to store the signal for transfer, if box changicg takes 
place hcforc tlie sliuttlc which lias tlic cnipty quill is pickcd 
to the mapzinc side. I n  this case, the indication of the need 
for transfer is made by a feeler fixed at the tilagmine side. 

I n  a weaving mill. thc supply of quills to the niapzine is 
normally done nia~itiiilly. t h i s  task involves thc employment 
of labor to move tlie quills from winding rooins to the 
loom and keep stippl).ing bobbins to niagazitxs. This is a 
costly process, and it also makcs the niixing of quills 1111- 

avoidable. Two systems c bccn dcwlopcd to minimize 
the labor cost and prevent mixing of quills. The bobbiit 
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QUILL METERING DEVICE (NOT SHOWN) 

CHUTE FOR FULL QUILLS 

MHER MECHANISM 

SHUTTLE IN SHUTTLE BOX 

CHUTE FOR EMPTY a u u s  

DRIVE SHAFT FOR HAMMER MECHANISM 

CONTAINER FOR EMPTY QUILLS 

V 

Fig. 13.15. Simplified hhhin loader spiem. (End finder, cutters 
utid wuste systems omitkd for clurity) 

louder uses containcrs to hold up to about 100 quills cach 
and thcsc are stacked diiring windiii~. Two containers are 
placed on the loom to act as magaziiics; one of thcsc is active 
and the other is a rescrve. WIien the first is exhausted. the 
second takcs its place and :I new full container is placed in 
position (SCC Fig. 13.15). 
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The second system which uses a winder at the loom, is 
known as the Un$l. In this case the filling yarn is supplied 
to the loom in the form of a large cone. The partly empty 
*bobbins are stripped aiid returned to the winding position 
by a conveyor belt. as shown in Fig. 13.16. This system is 
advantageous in preventing barri caused by the mixing of 
quills, especially with filaincnt yarns. Also, the system 
eliminates the need for qui l l  winding machines and saves 
labor cost in transporting and supplying magazines. The 
use of Unifil also saves capital cost on quills since the number 

PLACE IN c-3 
SHUTTLE 

TRANSPORT STRIPPED 
QUILLS TO WINDER 

Fig. 13.16. Flow cycle for Uni/l 
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of quills used is very much reduced. Unifil has a definite 
economic advantage in the case of coarse filling, because 
the rate of consuming quills is very high. On the other hand, 
it may not prove to be economical in the case of fine filling; 
the cost of the unit is considerable and it lies idle for a 
large proportion of the working time because the frequency 
of change of the quills i s  reduced. In many cases a coniprom- 
ise between cost and other advantages has to be made. The 
system is limited to single filling yarn color. 

Multi-ubuttle Looms 
In the production of solid color fabrics, a single shuttle 
loom is normally used with one shuttle box on either side of 
the loom. With some fabrics, especially when filament yarn 
is used in the filling, two shuttles are used for the mixing of 
filling to prevent barrk defects. I n  this case the loom must 
have at feast two shuttle boxes on one side. If there is one 
box on the other side, the loom is usually denoted as a 
2 x 1 loom. In this case every shuttle is used alternately 
for two picks. 

If two or more colors are used in the filling, an equivalent 
number of shuttles niust be used to give a series of looms 
with the appropriate number of shuttle boxes on one side. 
These are known as 2 x I ,  4 x 1 ,  etc., looms. If multi- 
shuttle boxes are uscd 011 one side only, tlic maximum number 
of colors used is equal to the numbcr of boxcs on that side. 
In this case, the number of picks inserted from any color 
must be an even number, sihce the shuttle must be brought 
back to its box before any box changing can take place. 

It is possible to have several shuttle boxes on each side of 
the loom and such loonis are denoted as 4 x 4, 2 x 2, and 
4 x 2 looms. They arc somctimes used to permit the use of 
more colors and odd numbers of picks from each color; 
they are known as pick-at-will or pick-uiicl-pick looms. The 
maximum number of colors used is equal to thc number of 
boxes of the loom minus one. 
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PUTTLE C 

PUTTLE 

Fig. I3J7. Four-box motion in each of its psit;ons 

The most common mechanism used is the 4 x 1 box 
motion. This mechanism uses two levers to produce a 
conipound movement at the box rod. This movement 
depends on which lever is moving and about which fiilcrum 
the levers are moving. Lever 2 (Fig. 13.17) nioves about the 
fixed fulcrum to move fulcrum f l  on lever I .  The levers are 
usually moved by means of cams' which are gear driven from 
the loom camshaft. When movement is required. clutches are 
engaged to cause the appropriate can1 (or cams) to rotate 
sufficiently to cause the lever system to take up one of the 
configurations shown in Fig. 13.17 according to the demands 
of the pattern. 

The control for selecting any particular box is initiated 
by a pattern chain whjch contains movable protuberances 
called risers and other links without protuberances called 
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sinkers. A normal bos chain has two rows, side by side, in 
which these risers can be fitted. There are four combinations 
in which the risers can be installed and these are translated 
into the appropriate fever settings by using a system of feelers 
and linkages. The combinations are: 

Row 1 Row2 
Combination I R S 
Combination 2 R R 
Combination 3 S R 
Combination 4 S S 

where R = riser and S = sinker. 
To prevent these chains becoming unduly long where many 

picks are required in sequence from a single bobbin, it is 
usual to use multiplier chains. Consider first a single 
multiplier chain with one row of sinkers and risers similar 
to those used in a box chain. If there are x risers in suc- 
cession on the multiplier chain, then the box chain is held 
stationary until these have passed (during which time 2x 
picks have been inserted). When the next sinker in the 
multiplier chain arrives, the box chain continues until it is 
again interrupted by a riser in the multiplier chain. It is 
usual to have two chains in the multiplier system which 
can be used in combination and this gives a range of 
multiplying possibilities. The two multiplier chains are 
both driven together (the pattern chains being stopped). 
One multiplier chain consists of all risers except one and 
the other chain consists of all sinkers except one. The 
pattern chains are only started when the odd riser in the 
one multiplier chain coincides with the odd sinker in the 
other. The multiplier chains are then stopped until a signal 
from the pattern chain causes the multiplier chains to 
restart and the pattern chains to stop. 

If the multiplier chains each have different numbers of 
links, then they behave as a single long chain of 
(N, x N,)/H.C.F. as shown on page 262. 

(N.B.: H.C.F. = highest common factor). 
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If chain no. 1 moves through z revolutions, and it 
contains N1 links, then zN, pass during this time. If chain 
no. 2 contains N2 links, then it moves zN, /N2 revolutions. 
Assuming that N, = an, and that N2 = an2, then 

chain no. 2 moves through - - - - revolutions. z a n  z n ,  
a n2 n2 

For proper registration, the odd riser has to coincide with 
the odd sinker, and starting from a proper registration, it is 
necessary for chain no. 2 to move a whole number of 
revolutions before registration can occur again. In other 
words, zn, In2’ must be a whole number. If n, and n2 are 
prime numbers, then the requirement can only be met 
when z = n2.  In this case, z N1 links pass but z = n2 = N2 /a 
and therefore a repeat occurs after every (NA N2 /a) links 
pass. (Note: a is the H.C.F.). During the time these links 
pass, twice this number of picks are inserted. It is quite 
normal for the pattern lengths to be measured in picksmd 
in this case the repeat is given by [(M,M2)/aI where M1 
and M2 are the number of picks in each chain. The arrange- 
ment of colors in the shuttleboxes must satisfy two 
conditions; fustly, the color which appears most often 
should be placed in the top box, and secondly, skipping 
from box 1 to box 4 should be avoided because this puts 
more strain on the mechanism. 

With all box motions, a safety device must be incorporated 
to prevent breakage of parts should the boxes jam. A glue-wuy 
is normally built into the mechanism to allow relative 
movement between the parts in an emergency; this prevents 
further movement until the fault has been rectified. 
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14 
POWER, ENERGY AND VIBRATION 

Key words : Alacrity, atnplitude, back rest, beat efect, 
bottom shaft, bufer, capacitor, centroid, clutch, crank, 
damping, damping cocficient, damping pad, dynamic equival- 
ence, dynariiic niagriijer, dwell, elasticity, electrical slip, 
equilibriuni position, excited, fell, f7”wheeI, forcing frequency, 
four bar chain, hariiionic, induciion motor, lay, lint, mass- 
elastic system, (mass) nioriient of inertia, natural frequency, 
ofset, picker, power factor, radius of gyration. reed, resonance, 
rocking shaft, sliuttlebox, simple Itarnionic motion, stiffness, 
stru.cture-borne vibration, sword, syiichronous speed, time 
constant, torque, torsion, cibration. 

The Loom as an Integrated Mechanism 
The functions of a loom are interconnected and inter- 
related. Action at one plact produces reactions elsewhere. 
These actions and reactions are correlated in thc first par! of 
this chapter. 

Speed Vadahons 
In a loom, it is necessary to use a great deal of reciprocating 
motion of heavy parts and these motions can involve 
considerable impulsive loading. Thus it is-desirable to make 
the rotational parts heavy (to act as flywheels) and the 
reaprocating parts light. If the rotational parts are made too 
heavy, the loom will be slow to start and this is likely to 
cause cloth faults. These faults arise because the first few 
picks are not beaten and shedded in quite the same way as the 
rest. One solution to the problem is to insert a clutch between 
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the loom and the drive. Tlie motor may liave a considerable 
flywheel attached to it because it does not matter niiich if the 
motor is slow in starting if it is not connected to the loom. 
Connecting the loom to a relatively massive motor/flywheel 
assembly causes the motor to slow down only slightly and 
the loom to come up to speed very rapidly. Tlie situation is 
rather like the collision between two bodies as described i n  
the section on checking in Chapter 1 1  ; instead of linear 
motion, the present case has rotary motion. The heavier 
the flywheel (strictly, the greater the ~iionietit of iiio'tiu) the 
more quickly will the loom be brought up to speed but also 
the greater will be the load on the clutch. The clutch limits 
the extent to which this can be carried, and the loom dictates 
how far it is desirable. A heavy duty loom requires more 
stabilization than a light silk loom. 

Cyclic variations in loom speed are caused mostly by the 
reciprocating motions. Shedding has some effect and picking 
induces a sharp pulse once per pick, but the most important 
effect of all arises from the kuy movement. The lay and all its 

E REPRESENTEO 

PROOUCES A TORaUE = (Frec 01 (00 
THIS TORQUE ACTS ABOUT 0 
00 = r Sin i0+@)  

P; 
Fig, 14.1. Schematic diagram of crankllay sysrem 
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Fig, 14.2. Theoretical torque characteristic of lay hive mechanirm. 
N.B. &ariugfiiction and windage ignored 

associated parts may be regarded as a single large mass 
acting at the med This mass ( M )  is subject to the acceleration 
described by equation I 1.6, i.e., 

The force generated by this acceleration (F)'= M X J  As 
shown in Fig. 14.1, the torque needed at the crankshaft to 
produce this force (7') = F'x r x sin (13 + +). The angle 4 
is small compared to 0; therefore, an approxirnatc expression 
for the torque is as follows: 

T = Fr sin 6 

= Mfr sin 8 
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r T = MoJ2r2 sin 8 

I - MU2r2 (sin 26, + !. (sin 30 + sin 0 )  2 1 

It will be noticed that the torque required is proportional to 
the equivalent mass of the lay and the square of the loom 
speed and crank radius. This means that the peak torque 
(which determines the motor size) depends on these para- 
meters. A graph of eqn. 14.2 is given in Fig. 14.2. It will be 
seen that the torque required to drive the lay oscillates and is 
sometimes negative; this means that the lay might sometimes 
drive the motor by virtue of its own inertia. There is a strong 
double angle component (sin 24) which is referred to later. 

When it is realized that the mass M may be as much as 
200 kg (400 Ib) and the maximum acceleration may be up 
to about 3 g, it will be seen that the force transmitted by 

M O M E N T  OF INERTIA = I TOTAL i.(ASS'= M, t M,- Mt 
MOMENT OF INERTIA - Mtab = Mtk2 

Fig. 14.3. Dynumic equivalenls 

266 



the connecting rods could be up to 600 kg (i.e. roughly 
?4 ton). This emphasizes the importance of the lay mass. 

I n  reality, the mass M is not a single mass concentrated 
at a point, but is distributed over the lay, swurdand associated 
parts. The concept is, however, very useful (providing the 
nature of the simplification is fiilly realized). A complex 
component such as the lay assembly can be represented by 
the theoretical model shown in Fig. 14.3. To be d'numicuh'y 
equiralent, the following criteria have to be satisfied. 

(a) The total mass of each must be the same. 
(b) The first moment about a given external point must be 

(c) The second moment about a given external point must 
the same for each. 

be the same for each. 

In symbols, M1 + Ma = MI, M,a = Mob, 

and 

(where k is known as the radius ofgyrution and I is known as 
the moment of inertia). The latter is a measure of the diffi- 
culty of imposing an angular acceleration to the assembly; 
it is roughly comparable to mass in the case of straight line 
movement. If the axis of swing is changed, so is the moment 
of inertia; therfore, the value of I only has meaning when 
the axis is defined; in this case, I is referred to its centroid. 

The above conditions can only be met when k2 = ah. For 
our purposes. we require only oiie mass in operation and this 
can be achieved by putting the otlicr' one at the pivot point. 
In this way the effective mass M1 is situated at distance 
(a + b )  from the pivot and the centroid at distance 6,  
Under these circumstances, 

M,a2 + M262 = Mlk2 

(14.3) 

If the centroid of the assembly is near the lay. M, will be little 
different from M t  (which is the actual mass of thc assembly). 
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On the other hand, if the mass is concentratcd nearer thc 
pivot, it has much less effect. Thus there is every incentive 
to reduce the mass of those parts which are remote from the 
pivot axis (rocking shafr axis). Consequently, care must be 
taken to keep the masses of the lay, s/iutrlcbosc.s and other 

Fig. 14.4. Four bar chain with ofset representing a lay mecharism 

items at a similar radius, to a minimum. This is one reason 
why the lay is usually made of wood, which is light and can 
provide good stiffness without undue weight. It also provides 
a good running surface for the shuttle. I t  is apparent that the 
use of multi-shuttle boxes can be a disadvantage in this 
respect. With shuttlclcss looms, it is possible to make the 
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whole mechanism lighter with the resiilt that higher speeds 
can be used. 

In the foregoing analysis, it was assiriiied for simplicity 
that the lay movcs in  a straight line. I n  actual fact the 
mechanism is really afi,ur bar chain, as shown in Fig. 14.4, 
but because of the radius of the sword, straight line motion is 
a very good approximation. Furthermore, the line of 
movement of the lay does not have to pass through the 
c-nter of the crank. A n  offief tends to distort the displace- 
ment curve and to produce a more pronounced di td l  and, 
therefore, it is often used to enable the shuttle to traverse 
the loom without interference, It can be shown that the 
following equation holds approximately when p / l  is small, 
i.e. when the offset is small. 

Acceleration = d2s/dt2 = d r ,  cos 8 + - cos 28) (14.4) 
I cos + 

The symbols are defincd in Fig. 14.4. Equation (14.4) may 
be compared to eqn. (14.1). It will be seen that the double 
angle component is still present. Since an increase in offset 
causes an increase in the mean value of 4, then it will further 
be seen that the offset tends to increase the double angle effect 
and thereby make the dwell more pronounced. 

Power 
An electric motor cannot deliver a varyiirg torque without 
speed variation and a normal relationship is as indicated 
in Fig. 14.5. A motor is not 100 per cent efficient and some 
energy is dissipated; this energy appears as heat and is a 
function of the electrical dip. An induction motor, such as is 
used on a normal loom, works at a speed lower than the 
synchronous speed set by the a.c. electrical supply. The 
difference between the synchronous and actual speeds 
expressed as a proportion of the synchronous speed is called 
electrical slip. As the slip in such a motor is increased, the 
amount of heat generated in the motor increases; thus, 
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Fig. 11.11. Characteristic curves for a typicdl loom motor 

running at  high slip leads to overheating and an inefficiency 
unless the inotor is specially designed. For electrical reasons, 
it is required that the motor should be kept below syn- 
chronous speed; therefore, where there are large swings 
in speed (as there are in a loom). the average slip has to be 
rather large. Hence it is necessary to use specially designed 
motors to drive a loom. Another reason for requiring special 
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motors is that the lint from weaving is very easily ignited and 
the motors should be flameproof to prevent fires. 

Since the swings in speed are a function of the inertias 
involved, a flywheel will lessen them; in extreme cases, 
however, it is desirable to use a special motor to meet the 
situation. This might have some advantage in that a smaller 
slip would be needed and the efficiency of the motor could 
be increased. 

The loom motor works at a higher electrical slip than 
most other motors and this causes the power factor to be poor. 
The power factor is the ratio of power (in watts) to the 
mathematical product (volts x amps). It represents a sort of 
efficiency to the supplier of the electricity and, generally, a 
cost penalty is imposed for operating at a poor power factor. 
It is usually worthwhile to apply correction and this is most 
often done by iiistailing electrical t'upc*itors in parallel with 
sets of motors. 

PICKING F9OM PICKING FROM 
BATTERY SIDE 

0 90 180 270 360 
0 90 120 270 360 

CRANK ANGLE IN DEGREES 

Fig. 14.6. The power und speed charactcristics of a typical loom. Adapted from 
u P h J .  tliesis by M.1i.M. hloliunted, University of Muiichcrrcr, I9@ 
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PICKING FROM PICKING FROM 

LAY 

z 

0 90 180 270 360 
0 90 180 270 560 

CRANK ANGLE IN DECREES 

Fig. 14.7. Component power requirements. Adapted from a Ph.D. ihe& bv 
M.H.M. Mohamd, University of Manchestgr, 1965 

The demands on the motor vary cyclically, as has been 
explained, and this results in a variation in power as indicated 
m Fig. 14.6. The motor, power lines, and switch gear must 
be able to cope with the peak currents rather than the 
average; also, a poor power factor yields greater current for 
a given power and thus all the electrical components have to 
be oversize by normal standards. 
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The power needs vary from instant to instant. Power and 
speed are related, as can be seen from Fig. 14.6. When the 
speed rises, thc power absorbed declines; when the power 
demand rises, the speed drops. Referring to Fig. 14.2, it will 
be noticed that there is a strong similarity between the 
theoretical torque and the actual power demand; the double 
angle component is particularly noticeable, which indicates 
the importance of the lay mass. 

In the past, attempts have been made to assess thc power 
needed for each of the constituent mechanisms of the loom, 
but because of the interactions, it is not possible to determine 
these by progressive disconnection of various components 
without loss in accuracy. Unfortiinately, it is difficult to 
measure tlie component behavior in any other way. The 
results by such disconnections and by difference between 
components have been used to obtain the curves given in 
Fig. 14.7. These should only be regarded as approximate; 
some other data are given in Table 14.1. I f  the component 
curves were added together. they would not produce the 
curve for the loom running with iill components in use. This 
is because the behavior of both the motor  and the looni 
depcnds tipon the speed at the pi1rticUl:ir moment. a s  well as 
the accelerations developed by tlie otlicr components. As 
can be seen from Fig. 14.6. picking hiis an ell'ect on the 
battery side which is ditrerent from that on the other side. 
This is piirtly explained by thc f'act that the speed at the 
instant of picking is dilferrnt in the two cases. The results 
referred to in this section apply to a Picanol President loom 
of 2.1 m (85 inch) width and are, therefore, particular in 
nature, but the pattern is somewhat similar to that found 
in other looms and may be taken as being reasonably 
typical of most. 

Examining tlic component curves in niore detail, it will 
be observed thiit the erect of beiititi? iilld lay movement are 
the most important as fiir as powcr is concerned. The strong 
double angle cffect arising from the sin 26 term given in 
eqn. (14.2) is clearly evidcnt. Thc dcfcwmation of the curve 
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arising from bcat-up ciin bc dctcclcd. but to emphnsi~t thc 
point another set ofcurves (Fig. 14.8) is also given.. It becomes 
increasingly difficult to beat up as the filling is forced iiito 
the fell of the cloth; also, a larger diameter filling (i.e. a 
coarser count) tends to  make beating more difficult. This 
is also seen in Fig. 14.8; in one case, weaving was fairly 
normal and in the other a bumping condition existed. 

(Feeler side1 

2 

z 
a 
Y 

a. 
I- 3 a. 
Z 1  
d 

E r 

0 40 80 120 160 200 240 280 520 560 40 80 120 160 200 240 280 320 560 
CRANK ANGLE, Degrees 

F?g. 14.8. The eflect offilling count on power characteristic. Adapted 

Mandester, I965 
fiom a Ph.D. thesis by M.H.M. Mohamed, University of 

The power curve related to shedding is given i n  Fig. 14.7 
and the peaky nature of the curve will be noted. This is 
because the cam profiles are shaped to give a rapid shed 
change once the shuttle has passed across the warp shed. 
The amplifude and shape of the power curve relating to this 
component are a function of the loom speed and the shape 
of the cam used for shedding. 
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Figure 14.7 shows the power required for picking. AS 
explained earlier, picking needs only a short pulse of energy 
which might last only about 25 crankshaft degrees. In fact 
the sudden and rather large demand for energy causes the 
loom speed to drop and the character of the loom in com- 
bination with the motor determines how long it will take for 
the system to recover. In the case shown, the recovery takes 
almost 360"; if it had taken longer there would have been 
interference between one pick and the next (which could 
have led to instability). Any attempt to overspeed a loom can 
kad to this sort of difficulty, as can a large change in inertia. 

The power required for picking is proportional to the 
cube of speed. If the shuttle velocity is taken to be propor- 
tional to the loom speed, then the kinetic energy required 
per pick is proportional to (loom speed)2. The rate of using 
energy (i.e. the power) is proportional to (loom speed)l 
x (picks/minute) which in turn is proportional to (loom 
~peed)~ .  The bearing friction and windage losses increase as 
the square of the loom speed; thus the totai power require- 
ment of a loom is roughly proportional to (loom speed)', 
where z is between 2 and 3. The heavier the shuttle, and the 
more massive the loom, the nearer is the index z to 3.0. Con- 
versely, by reducing the masses involved, it is possible to re- 
duce the power required for a given loom speed and this can 
be translated in terms of cost. 

Vibration (A Review of Theory) 
Vibration occurs in a variety of ways (see Fig. 14.9). Longi- 
tudinal vibration is unimportant as far as this discussion is 
concerned and will be ignored. 

Let the actual mass of the vibrating element be typified 
by an equivalent mass ( M )  situated at the points shown in the 
diagram. Let the stiffness of the system be defined as the 
force or torque needed to move that point by one unit. 
These parameters determine the iiatirral frequency of the 
system and the system will tend to vibrate'at that frequency 
if suitably excited. 
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LONG1 TUOINAL L A T E R A L  

T 
TORSIONAL 

Fig. 14.9. Some Jorins OJ vibration 

Consider tlic casc of lateral deflection. Let 

M = the equivalent mass (not \vci?ht). 
s = s/ifliics.r of the vibrating nienibcr in the direction of 

= force rcqiiircd to proditce irnit displacement in the 

ti = natiiral frequency of vibration i n  cycle/second 

s = displaccincnt of tlie nim from its cqtiilibrium posi- 

3 = acceleration of the mass. 

movement. 

direction of movement. 

(Hertz). 

tion, 

When the mass M is displaced from its qpi l ih i iwi  paririoti by 
a distance I-, thc forcc ncedcd to do this is .Y x .Y and the 
elnniciry of thc system tends to cause the niass t o  be returned 
to its original position. If thc mcmbcr is vibrating, this is 
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still true and at the instant the mass is at distance x from the 
equilibrium point, there us a force equal to sx acting. This 
force can also be expressed in terms of the acceleration, i.e. 
force = -Ma. Hence 

5 =- -  = constant acceteration 
dispfacement M 

This is simple harniortic ntotiort and an exact mathematical 
solution to this arises when 

dispfacement = x = A sin wt (14.5) 

where A = amplitude, 
u) = 2nn, 
t = time in seconds. 

d ?Y 

dta acceleration = - = - A d  sin cur = a 

therefore 

and 

or 

a - r -01 
X 

S 
0 2  = - M - 

n = - J +  1 
2n 

(14.6) 

In the torsional case, a very similar situation exists; if M 
is replaced by the iiiclss rnonicwt of iticwin ( I )  and the stiffness 
by the torsional stiffness (q): 

torsional acceleration 
torsional displacement I = -9 = constant 

and 
- 

n = -J74 1 
2n (14.7) 

In the case of eqn. (14.6), s and M must be expressed in 
consistent units. For instance, mass M can be expressed as 
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W =-  weight 
gravitational acceleration g 

if Wis in pounds and g = 32 ft/sec2, then s milst beexpressed 
in lb/ft to give the natural frequency in Hertz (cycles/sec). 
In the metric system the mass is expressed in grams or 
millinewtons (mN), but the stiffness S must be expressed 
in gf/cm or mN/m (where gf and mN are measurements 
of force). 

Similarly in eqn. (14.7) q and I must be in consistent 
units. (Z is the mass moment of inertia and Z = Mk’) 
The mass moment of inertia ( I )  IS 

where k is the radius of gyration measured in meters or 
ft [Note: in the latter case I has the units lb ft sec’]. 
In the SZ system of measurements (metric), the torsional 
stiffness may be expressed in mN m/radian but in the 
Imperial system one would use lb ft/radian and in either 
case the natural frequency is expressed in Hertz (cycles/ 
sec). 

The value of I depends not only upon the mass, but also 
upon the position of the mass with respect to the axis of 
rotation. If the mass is concentrated in a rim, we have a 
very effective flywheel; the greater the radius of the rim, the 
more effective it is and, with a given torsional stifhess of 
spring, the lower will be its natural frequency. 

In any machine, there are successive disturbances which 
occur at regular intervals. Each of these distiirbanccs can set 
up one or more vibrations which continue after succeeding 
disturbances arrive and pass. The later disturbances might 
augment the previous ones or not if they do on a regular 
basis, the vibration might build up to dangerous proportions. 
In  other words, when the ,/urci/ig and natiiral frequencies 
coincide, the system resoiiafrs and the condition is known as 
resonuuci’. The consequences of this arc widesprcad and it is 
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necessary to discuss it in more detail before discussing the 
part it plays in a loom. 

A vibrating mass will not continue to vibrate for ever; 
the rapidity with which the amplitude declines depends on 
the nature of the material. Some materials absorb sub- 
stantial amounts of irrecoverable energy when deformedl 
(which appears as heat) and such materials do not vibrate. 
readily. Other materials absorb little energy in this way and 
these mmteriak resoriate easily. Examples of the two classes 
are cast iron and spring steel, respectively. This is one good 
reason why a loom frame is made of cast iron, i.e. because 
the iron damps the vibrations. 

Under conditions of dumpi/ig, the equation of motion is 
modified to 

(14.8) 

where A = amplitude, 

s = Ae- '1' cos iirt 

e = 2.718, 
t = time in seconds, 
T = time constant, 

b = damping coefficient, 
= 2M/b ,  

= damping forcelunit velocity, 

The tirrie constunt ( 7 )  expresscs the decay characteristic of the 
vibration in much the same way as the half life expresses the 
decay of a radioactive source. I t  is a'fiinction of the damping 
coefficient ( b ) .  A further point to note is that the frequency of 
vibration ( i n )  is a little less than the natural frequency (0) 

described earlier; in  other words, damping reduces the 
amplitude of vibration and stightly afTects the frequency too. 
These facts are important i n  resonant systems because the 
amount by which the amplitude decays between one pulse 
and the next determines how much the resonance can build 
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up. With littlc dccay, it caii build up to destructivc propor- 
tions. 

If a force of Fcos cuff is applied to tlic systcni. iliis will be 
balanced by the inertia, damping and elastic forces in the 
material. In symbols, 

An approximate solution to this diffcrential equation is 

.T = c c o s  (W,t - p) (14.9) 

where f l  is a phase angle which need not concern us here: 
suffice it to say that since cos (*I - i;) can never excced 
f 1.0, then the niaxiiniim value of .I’ is C. I t  can be shown that 

(14.10) 

where A = the deflection the part suffers due to its own weight 

1 2 (3 = ( 1  - (@,/u)2)2 + ((h/M)(%/w,)2 

under static conditions, 
CIA = the a)*naniic riiagii$ier. 

When the forcing frequency (q) is the same as thc natural 
frequency (w),  

(C/SIr  = M/d (14.1 1) 

where the suffix r refers to resonance. 
Thus if there were no damping. the dynamic magnifier 

would be infinite. which is clearly impossible. The physical 
reason for this is that all materials damp to some extent, 
no matter how small. However. the dynamic magnifier can 
be very large indeed and. when it is, the structure can vibrate 
very violently at resonance, even to the extent of self destruc- 
tion. 

In a very complex vibrational system such as a loom, each 
of the many componentspossesses a set of natural frequencies. 
Each of the motions produces a whole series of frequencies and 
their harnioriics. Those natural frequewres which correspond 
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with a forcing frequency or their harmonics will be accentu- 
ated; this is rather like a panel in a car which vibrates only at 
a given speed. Therefore, the structure has to be considered 
as well as the sources of vibration. 

LONGITUOINAL VIBRATIONS 
(UP AND DOVN) 

LATERAL VIBRATION 

LATERAL VIBRATION 

M O D E S  OF V I B R A T I O N  OF A P I C K I N G  STICK 

AN EXAMPLE OF now 
ECCENTRIC LOAD CAN 
CAUSE. TORSIONAL 
VIBRATION 

EXAMPLE OF HOW 
PICKING AM0 
CHECKING CAUSE 
LATERAL VIBRATION! 

STICK CHECK SHUTTLE CHECK 

P I C K I N G  STICK D E F L E C T I O N S  

Fig. 14.10 
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Vibration (Practical Aspects) 
T!ie picking of the shuttle creates a very sharp pulse which 
occurs at regular intervals and thcsc triggcr a whole spectrum 
of vibrations throughout the loom. The picking action of a 
normal shuttle loom depcnds upon thc dcllcctioii of thc 
picking stick, and thc ultrcriry of thc zystcm is vcry important. 
This is only another way of saying that the picking system is 
a vibratory system which can bc explained by eqn. (14.9). 
As was stated in Cliapter I I ,  the natural frequency of the 
system is extremely important to the proper working of the 
loom. Looking deeper into the subject as we are now able to 
do, it will become apparent that the damping character of 
the material of the system is also important. I f  the picking 
stick were to have a very high damping coeflicient, it would 
not work properly; if it were to have too low a damping 
coefficient it might continue to vibrate during the next pick 
and cause difficulty. It is necessary to use some material 
such as wood (preferably laminated) which has good elastic 
properties and a suitable damping characteristic. 

A picking stick can vibrate in a variety of ways (see Fig. 
14.10). For example, if the picker is not set correctly, both 
picking and checking will, induce torsional and lateral 
vibrations which might carry over from one pick to another. 
The buffer used to check the stick after picking can cause 
similar effects. An adverse attitude of the picker when it 
starts to accelerate the shuttle can cause the shuttle to be 
deflected from its proper path. This can create difficulties as 
the shuttle enters the shuttle box on the other side. An 
incorrect entry can impose very high stresses on the shuttle; 
it can cause vibrations of the quill within the shuttle which 
can lead to faulty unwinding at a later stage. The entry of 
the shuttle also affects the way it is checked and this in turn 
affects the following pick. The irregularity of picking caused 
by such disturbances tends to be cyclic over several picks 
and although the mechanisms are complex, it still remains a 
fact that this is another sort of instability related to resonance. 



Not only is the picking stick excited, but so are other 
elements in the system; for example, the bottom shaft can be 
set into violent torsional and flexural vibrations (Fig. 14.1 1) 
each of which have their own set of natural frequencies. To 
simplify matters, consider only one of these, say the torsional 
case. The system (which is usually poorly damped) vibrates at 
its natural frequency because of the blow it received from a 
given pick, but the frequency of exciting disturbances is 
related to the loom speed (which varies somewhat from pick 
to pick) and not to the natural frequency. Consequently, 
there is a random beat efect where the excitation sometimes 
augments the vibration and sometimes opposes it. This 
sort of thing seriously affects the stability of the running 
loom; sometimes there are strong picks and sometimes there 
are weak ones. Usually the strong picks are late and the 

(a 

NO TORSIOM DEFLECTION 

PlCKlffi LINKAGE 

L E  BOTTOM SHAFT 

TORSIONAL DEFLECTION e OF FLEXIBLE SHAFT 
CAUSES FOLLOWER TO MOVE DISTANCE ~t 
DUE TO MOVEMENT OF CAM A WITH RESPECT TO 
DRIVE. 
CAM B MOVES VERY LITTLE WITH RESPECT 
TO DRIVE. 

Fig. 14.11. Effect of borrom shofi ribrarionr 
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( a )  
CRANKSHAFT 
/ 

INTENDED POSITION 

CONNECTING 

Vl8RATlON EXAGGERATED 
FOR CLARITY 

Pig. 14.12. Erects of’ vibrurion of’crurkshufi urid IUJ 

weak picks are early; this is because the vibration causes the 
cam to be displaced from its nominal position and it is this 
displacement that produces the extra energy (or the lack of 
it) to give the stronger (or weaker) pick. This leads to a 
most undesirable variation in speed and performance which 
tends to depress the acceptable running  speed of the loom 
and thereby reduce its effectiveness. 

When there is a strong pick, the motor slows down more 
than when there is a weak one; the loom also takes longer 
to recover from the strong pick. Thus these variations also 
affect the other motions; for example, a strong pick can be 
followed by a weak beat-up. I f  this is marked. the cni‘ct will 
show in the fabric and this is of some iiiiportnncc. 

The lay bcuts u p  the filling and. in so doin;. it sulTcrs 
considerable force. To keep thc fell of ilic cloth h l r - a i $ i t .  thc 
lay has to be rigid so that it docs not dcllcct uiidul!,. TI1ci.c is 
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a150 another reason. ‘Thc sort of shocks already discussed 
Codd produce a vibration in tlic lay. its shown i n  Fig. 14.12, 
and this would not be relatcd to the loom motion. The 
vibrating lay could beat onc part of ii lilling strongly and 
another not so strongly. At tlic next pick. thc position could 
be reversed or thcrc could bc sonic othcr moix complicated 
pattern of beating over the i trc;~ of the cloth. Thus the lay 
should vibratc little, and onc wily to cnstire this is to niake it 
SO stiff that its IlntLIriII frequency is vcry hi$. in which case it 
is unlikely to \)ibriitc strongly becnusc all niatcrials damp 
more readily at high fi-cyucncics. 

tn a niiilti-shiittlC loom, tlic lily has Ilcavy shuttle boxes 
at each end with considerable overlung in  respcct to the 
connecting rod pivots. This could lead to a licavy -low- 
frequency vibration in thc lay which would be very difficult 
to suppress. One solution to this is to use auxiliary cranks 
and connecting rods to support the extra masses during 

FOR CHANGES 
IN WARP PATH 
DURING SHEDDING L 

TENSIONS 
4 

IDEAL CASE BACK REST IN VIBRATION 

TL-. Tc = TI 7: # 1; # T i  
i.g. WARP TENSIONS SIMILAR 
ACROSS WIDTH AN0 POSITION eg. Tc VARIES BETWEEN 

WARP TENSIONS VARY WITH TIME 

1: AND 1; AS BACK REST VIBRATES 

Fig. 24.13. Eflecf ojback retf vibration 

285 



beating. If  the crankshaft is set into vibration, by whatever 
means, this too can affcct the beating. If one crank is in 
advance of the other (or others) the reed will be skewed (or 
bent) as indicated in Fig. 14.12 and this will give the beating 
irregularities previously described. Also, where a four crank 
loom is concerned, the vibration of the crankshaft can cause 
bearing trouble because of maldistribution of load and 
temporary bearing misalignment. A similar and more 
serious effect can bc. met with the bottom shaft; here, the 
bending and torsion is oftcn quite violent and it has been 
known for shafts to be broken cven tliou$i they may bc 
solid steel bars of perhaps 5 cm (2 inch) diameter. Even if 
the difficulties mentioned do not result in immediate 
failure, there is always the possibility of an accelerated 
wear rate of the bearings. 

The back rcst i n  a loom is often oscillated delibcratcly 
to preserve, as nearly as possibfe, a constant warp tension. 
This movement not only adjusts the warp lensth to give the 
desired tension control but unfortunately i t  also introduces 
some disturbing forces. This and other excitations (such as 
from picking) cause the back rcst.to vibrate along its length, 
as shown i n  Fig. 14.13; this gives unevenness i n  warp tension 
across the width of the w r p  and the pattern is everchanging 
(because of the nature of the vibration). If large enough, this 
can produce patterning in thc fabric, especially with fine 
synthetic materials. 

A well-designed loom is made in such a way as to overconic 
most of these difficulties and they have been discussed i n  
order that the design of the loom niay be understood. A 
proper understanding of loom operation also hclps in 
avoiding difficulties that may arise through unwise altera- 
tions or additions to the design of the loom. 

The loom as a whole can vibrate on ii spi-insy floor. and 
it is often surprisingly difficult to find a suitably rigid floor; 
even "solid" enrtli is capable of actins as a spring in this 
respcct. Thus we have a rirci.vs-c~/tr.stic, . ~ i x f c w  in which thc 
loom (or a sct of looms) acts as the niitss and the floor and 
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the surrounding structure acts as the spring. (Thc surrounding 
structure is very iniportaiit : .vtn/c'iwc horn. noi.sc and vibra- 
tion from a loom can appcur in parts of a building quitc 
remote from thc weave room.) 

If a looin is mounted 011 p d s  l o  absorb thc cncrgy of 
vibration, it is nccessary that tlierc shoiild bc lnovcnlcnt of 
the loom to permit thc tku~~pi~~gpucls to work. Such niotcmcllt 
means that, at best, oiily pal t of tlic vibration can bc rc- 
moved. Furthcrmore, thc tlanipin~ i \  a function of tlie 
velocity of movcnicnl; tliercfure, thc highcr licqiiciicy 
components will be damped out quite well but the lower 
frequency ones will not. The amount by which the loom can 
be allowed to move on its mountings must be limited, because 
an undue excursion of the frame whilst the shuttle is in flight 
could cause a11 sorts of trouble. Thus pads can do no more 
than give some relief from the problem; they cannot effect a 
cure. In general terms, they muffle the noise a little. 

If a loom is mounted on flexible mounts, thosc vibrations 
arising within the loom which are considerably above the 
natural frequency of the mounts will be attenuated. This 
means that the level of vibration in the floor will be reduced 
for the given frequencies. If the forcing frequency is the 
same as that for the mounts, the assembly will rock violently 
because it will be at resonance. Taking into account the m a s  
of the loom, it may be possible to obtain mounts whose 
natural frequency when installed is (say) 2 cycles/sec. The 
lowest frequency (in cycles/sec) of any great magnitude 
generated by a loom is that of the'bottom shaft ($  x picks/ 
min + 60). This means that a normal shuttle loom has a 
spectrum of frequencies from about 1 cycle/sec upwards. 
Thus there is a very good chance of getting into disastrous 
resonance and, even if this is avoided, there will be little 
attenuation of the low frequency vibrations, However, 
with a shuttleless loom, the problem is not so severe. In those 
looms which have a picking niechanism which produces little 
or no external reaction. the half speed component is neg- 
ligible and the major component is the double speed one 
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from the lay motion. The frequency in cycles/sec, in this case, 
is 2 x (picks/min) + 60. Bearing in mind that these looms run 
faster than conventional ones, the major component might 
well be at some 10 cycles/sec and such a component could be 
attenuated by flexible mounts. Even so, the looms would not 
be rigidly anchored and would tend to flop about; this could 
lead to operational difficulty. Another factor is the lack of 
the stiffness which a loom normally acquires by being secured 
(either by its own weight or by securing devices); this means 
that the frame of the loom can more easily vibrate. The gains 
obtaincd by using pads or flexible mounts or both are reduced 
by this fact. Extra stiffening without extra mass is needed in 
such cases. 

The foregoing indicates the difficulties which are involved 
in reducing the vibration levels in a shuttle loom and it is 
quite clear that the shuttle has much to answer for in this 
respect. If  noise becomes an over-riding factor, there will be a 
strong incentive to change over to shuttleless looms, which 
can meet legal specifications for the maximum permitted 
noise and vibration. This is apart from the other merits that 
these looms might have. 
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15 
SHUTTLELESS WEAVING SYSTEMS 

Key words : air-jct Inoiii. harrP. cutters (w+ cii t t iw).  cffcctire 
niass, filling traiisfer, jilliiig rctraclioii, Jexihle sajkr ,  jsiiigcd, 
girer, Sripper. gui(~es, iitertiai srsteni, Leiio .reloage, iiioiiieiitiiiii, 

rapier, rigid sapicr. sclragc. sclrnge niotioii, sliiittleless wearing, 
sloirgli-off, soiiic wlocity, staple yariis, takes, toggle, torsion 
bar, tuc;(:ed-iii sclwge, ticrbuliww, watiJrjtv looili. 

Introduction 
In a shuttle loom it is neccssary to pass a shuttle. which 
may weigh % kg (1 lb), t o  insert a length of filling which 
may weigh only a few milligrams. The relatively 
massive shuttle has to be accelerated rapidly. and it must also 
be decelerated abruptly; it is dithcult to do this without 
causing shock and noise. Tlic systcni is intrinsically inetlicient 
from a mechanical point of view, and considerable amounts of 
energy are dissipated at the binders (swells). picker and 
checking mechanism generally. The wear life of the picker is 
strictly limited because of the heavy and repeatcd impacts 
that it suffers. In fact, the whole mechanism is subject to 
great wear and tear, with the coiisequence that it has to  be 
made rugged and heavy. 1 he shocks arising froni picking 
and checking disrupt the smooth sequence of cveiits in 
weaving, with the result that there is a certain instability 
in the loom speed. This affects the maximum permissible 
running speed of thc loom, and it can affect the fabric. 
Furthermore, the shocks lead to noise and vibration which 
are extremely ditficiilt to subdiie. There is growin? concern 
in many countrics rcgardiiig the eiivironniciit iii which 
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X - YARN FIXTURE POINT 

Fig. 15.1. Filling insertion systems 

workers are employed, and this is likely to bccomc an 
increasingly important issue. Little wonder that the shuttle- 
less loom has begun to make its presence felt. 

Forms of Shuttleless Weaving 
One solution to the problems inherent in the weaving process 
is to reduce the size of the element used to propel the filling 
(weft). This element may be a solid or a fluid, and these 
two categories may be further sub-divided as indicated in 
Fig. 15.1. In most cases the propulsion element traverses 
the warp shed in the loom, but it is also possible to apply 
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&&a NORMAL BOUND SELVAGE 

Fig. IS.2. Various forms of selvage 

energy to thc length of filling before it cnters thc shcd and 
to allow its inertia to carry it across. 

Shuttleless looms of the type which use projectiles or 
rapiers now predominate. Water-jet looms are also quite 
widely used, but they are restricted to the weaving of fila- 
ment yarns because of the effects of water on staple yams 
which have been sized. However, all the systems have 
features in common and it is convenient to discuss these 
common features before considering individual systems. 
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In none of these systems is a quill or pirii carried to and 
fro to give a normal selvage (see Fig. 15.2(a)). The Icngth of 
filling is inserted usually from one side, with the result that 
at least one selvage must befi.iiigd, as shown in Fig. 15.2( b). 
To enable the fabric to with\tand subseqiieiit processes, the 
fringed selvage must be reinforced in some way. I t  is possible 
to use adhesives, but the most popular solutions are to use a 
Leiio se/i.age (Fig. 15.2(c)) or a fucktd- i / i  selvage (Fig. 15.2 
(d)). For cut goods, or those to be hemmed, the Lcno selvage 
is usually sufficient, but if a good edge is recli!ired on the 
finished product, as in the case of sheets, thc tuck-in motion 
is preferred. The latter simulates a conventional selvage 
but there is a concentration of filling ends at the edge and it is 
usual to alter thc fabric structure locally to accommodate the 
crowding. The tuck-in technique places some restriction on 
the structures which can be woven but this is rarely an 
oppressive restriction. 

With normal weaving, the quills can arrive at the loom 
in a different order from that in which they were wound. 
Bearing i n  mind that the yarn varies in count as it leaves the 
spinning machine, there caii be 11 quill to quill \ariation. If 
these quills become disordered, there can be sharp changes in 
count from one to the next, and this shows up in the fabric 
as barrC faults. These stripe-like faults are most noticeabk 
in weaving filanient yarns. This difficulty is greatly reduced 
by weaving froin a large package such as used in shuttleless 
looms; the gradual changes in count within the package are 
not usually very noticeable and the frequency of change is 
sharply reduced. With a large package, the amount of fabric 
produced between changes is measured in meters (yds). 
(The precise amount depends on loom width, pick density, 
yarn count and package size). With a normal quill, the 
amount of fabric is measured in cm. Thus quills may pro- 
duce narrow barre' (which is very noticeable) whereas the 
large package is only likely to  produce one single step 
change in any normal length of fabric. This also has a re- 
percussion on the level of quality control which must be 
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applied to  the filling yarn. Generally, specifications can be 
relaxed a little with the large packages and this can save 
money. 

Since a quill is no longer used with a shuttleless loom, there 
is no need to restrict production by using small yarn packages 
for filling; in fact, a major advantage accrues from using the 
large package because winding and filling replenishment costs 
can be reduced. However, unwinding a large package does 
pose some problems when the withdrawal is intermittent 
(as it is in most of these looms). At the speeds involved, 
over-end unwinding is the only practical way of dispensing 
the yarn and this gives rise to difficulty. Under steady un- 
winding conditions, a yarn balloon forms which holds the 
yarn clear of the package as it is withdrawn. Under unsteady 
conditions, such as apply in the case under discussion, the 
yarn can be dragged over the surface of the package. This 
can cause one or more turns of yarn to dough off and cause 
a stoppage; it can also cause the yarn tension to rise suffi- 

ACCUMULATION WITHDRAWAL 

nk. 15.3. Riling yam storage rystemr 

293 



ciently t o  cause a break. Thus it is required to unwind the 
yarn as steadily as possible and t o  store excess delivery at 
certain times against thc sudden dcniund at others. One 
practical way of achieving this objective is to store suficient 
yarn on a sniooth cylinder by side winding and then at the 
point of sudden demand, allow the accumulated yarn to be 
withdrawn over-end so that i t  may be remiwed rapidly 
without contact against other layers of yarn bcneath. The 
princip.le is shown in Fig. 15.3(a). Another technique is to 
use a suction tube to hold a long U-shaped loop of yarn 
until the sudden demand causes a rise in tension which 
removes the yarn stored in the U-shaped confiquration. The 
steady supply of yarn to the system allows the'-U to grow i n  
size until the next demand, and so on (see Fig. 15.3(b)). 

In many cases, the filling cannot be located across the 
width with great accuracy; it is necessary to insert an excess 
and to cut both ends of each length of filling after insertion 
to give good register. The cwtturs are ilsually scissor-like 
devices but i t  is possible to use a hot wire cutter when the 
filling is made of certain fibers. The cut end is tucked in or is 
left as a fringe. Alternatively, the selvages can be sealed by 
heat or adhesive, but this tends to give a stiff edge to the 
fabric. 

Some of the methods mentioned lead to the insertion of a 
filling which has to be straightened prior to beat-up and there 
are several ways of doing this. Where the contortion of the 
filling is large, it would be wasteful in material to straighten 
fiom the free end and cut off the excess (i.e. to remove the 
excess yarn at the selvage remote from the filling insertion 
device). In these cases it is normal to use a retraction device 
which is situated near the insertion device and which 
pulls out the excess filling and stores it so that it may be 
used i n  the next pick. To obtain good straightening, it is 
necessary to restrain the free end of the newly inserted 
filling whilst the other end is retracted. It is possible to use 
an air suction for this purpose or to use a pair of yarns which 
are twisted so as to entrap the end at the time and place 
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required. In either case the entrapment medium can be used 
to carry away the ends cut off by the selvage cutters. A 
third possibility is to use a mechanical clamp which cstches 
the end; this solution is favored where the end is to be 
tucked in to simulate a normal bound selvage. Sometimes 
the retraction device is a mechanical finger, which is favored 
for tuck-in selvages. Suction devices used for retraction are 
usually combined with the storage system, but care must be 
taken to prevent the yarn twisting about itself and forming 
snarls which are likely to cause stoppages and/or fabric 
faults. 

Vincent Inertial System 
It is desirable to reduce the linearly moving elenrents of 
the filling insertion system to an absolute minimum; ideally, 
the mass would be reduced to that of the length of filling 
concerned. The Vincent system aims to do this by causing 
energy to be imparted to the filling yarn before it enters the 
warp shed. This is done by introducing the filling to a pair of 
high-speed rollers which grip the yarn and accelerate it up to 
speed very rapidly indeed (see Fig. 15.l(f)). The yarn then 
traverses the warp shed by virtue of its momentum. In its 
simplest form, the device projects the yarn at constant 
velocity, but air drag causes the leading end to stow down 
whilst yarn is still being fed at the higher velocity; this causes 
the yarn to buckle in an undesirable manner. If, however, 
the drive rollers are decelerated to match the leading end, 
this difficulty can be avoided and remarkably straight picks 
can be generated. The initial acceleration causes a hook to 
be formed at the leading end because there must be some 
initial slippage which causes the leading end to be overtaken 
by following elements of yarn ; this is much more dificult to, 
overcome. 

Should the length of filling yarn be buckled or have an 
appreciable hook at the leading end, there is a good chance 
that the yarn will touch the warp shed. Since the ~nontentutn 
of such a light piece of yarn is very low, it needs only the 

295 



slightest touch to cause it to be stopped or seriously slowed 
down; if this happens there is nearly always a fault produced 
in the fabric, Thus a hairy or deformed length of’ yarn passing 
through a warp shed (particularly an unclear warp shed) 
is very likely to cause a fauJt. This is a defect shared with the 
air-jet loom. - TlUE 2 

TlUE 3 

DRUU 

A N C ~ O R  FILLING 
FOR END BEING 

OF FILLING PROJECTED 

Fig. 15.4. Moditled Vincent system 

In an interesting development of this technique, the free 
end is anchored and succeeding elements are projected in the 
manner shown in Fig, 15.4. The “unrolling” type of motion 
applied to the yarn tends to straighten it and reduces the 
potential for faults. At the time of writing, none of these 
devices has been exploited commercially. 
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Fig. 15.5. Typic01 air jet chorocteristics. 

Air-jet Loom 
A blast of air would seem to be an effective way of inserting 
the filling, but to get enough traction on the filling yarn it  is 
necessary to use very high air velocities. These normally 
exceed sonic velocity with the consequelice that the looms are 
noisy and consume considerable amounts of energy. This 
increases the cost of weaving and tends to make air-jet looms 
less attractive. 

When an air jet is allowcd to cxpand freely, the moving air 
is contained within an imaginary cone whose axis is co- 
incident with that of the air jet (see Fig. l5.l(d)). The air just 
emerging from the nozzle is highly energetic and, as it moves 
away from the nozzle, it entrains some of the surrounding 
air which tends to slow the mass down. Thus as the moving 
mass of air moves away, it grows larger and becomes slower. 
The air velocity cornponent parallel to thc jet axis declines 
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sharply with both axial distance and radius, as shown in 
Fig. 15.5. Friction is low in air, and the original kinetic 
energy of the air in the nozzle cannot be lost quickly enough. 
The air stream breaks up info trirbulrncc; the excess energy is 
absorbed by the turbulent eddies and this energy is irrecover- 
able. This is where the majority of the energy is wasted. 
Moreover, the eddies cause the filling to become contorted 
as indicated in Fig. l5.l(d), and it is necessary to have a 
much larger warp shed than niiglit tx supposed, simply 
because the contorted filling would catch upon the warp. A 
length of filling traveling on its own has little momentum 
and can be easily stopped. The problem is increased because 
the filling moves into a field of declining air velocity and thus 
behaves as if  it is propelled from behind; the front end moves 
slower than the rear and thc yarn buckles. The nct result is 
that usually the warp shed must be larger than that for a 
shuttle loom. In practice, it is not possible to project a 
filling more than about 1% m with a simple air jet of reason- 
able size and power consumption; therefore, the width of 
the loom is liniited too. Even so. it is possible to run looms 
of this sort at over 400 p.p.m. which indicates that the bar 
to increased productivity in  a shuttle loom is really the 
picking and checking system. 

One way of improving the performance of an air-jet 
loom is t o  use a device to prevent the air-jet from breaking 
up so quickly. A series of orifices, with slots to permit the 
removal of the filing at beat-up, can be placed along the 
filling axis. These act as a sort of porous tube and tend to 
improve the axial air velocity running over the filling. They 
also reduce the turbulence so that there is less disturbance 
to the filling. Such a system permits an increased product- 
ivity by allowing a higher loom speed or wider loom or 
both to be used. The orifices are sometimes called 
“con fusers”. 

A second way of improving the performance of an air- 
jet loom is to use a multiplicity of jets across the width of 
the loom. The auxilliary jets protrude through the warp 
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and yet are arranged in such a way as not to impede the 
warp shed change or beat-up. The propulsive urge can then 
be distributed along the width of the loom to  maintain the 
straightness of the filling yam and to extend the width of 
the loom. These multi-jet looms can be made in widths 
that are attractive to the user, and thus the fortunes of the 
air-jet loom have revived. Unlike the water-jet loom, there 
is no restriction on the type of yarn that can be woven 
but, because of the higher speeds used, there is a need for a 
higher level of quality control of the yarn used. The 
slashing also has to be carried out with care. Failure to 
utilise the highest standards of quality control can result in 
very poor loom efficiencies and loss of production. 

Water-jet Loom 
A water jet is more coherent than an air jet. I t  does not 
break up  so easily, and the propulsive zone is elongated, 
making it much more effective. It is effective in terms of 
energy requirements, it is quiet and, when the jet docs break 
up, it goes into droplets which create very little turbuleiice to 
disturb the filling (see Fig. 15.1(e)). 

The droplets spread i n  such a way as to wet much of the 
warp; thus a sized warp containing a water soluble adhesive 
can be adversely affected. Because of this, water jet weaving 
is usually restricted to filament yarn, but there is some hop  
that it might become economically feasible to weave staple 
yarns on these looms. 

Two main reasons for the efficiency of the water-jet loom 
are that there are no varying lateral forces to cause the filling to 
contort, and the moving element is more massive because it is 
wet. Thus there is less chance of fault due to contact with the 
warp. 

The range of jet, and thus the width of the loom, depends 
on the water pressure and the diameter of the jet. Water is 
virtually incompressible and a simple jerk pump can be used 
to give adequate pressure without difficulty. A fireman’s 
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hose has a tremendous range but the jet is several cm in 
diameter; large volumes of water and considerable pumping 
powers have to be used. In weaving, a much more modest 
jet is used; in fact, it is possible to reduce the diameter of the 
jet to some 0.1 cm, and the amount of water used per pick 
is commonly less than 2 C.C. Even with these small jets, it is 
possible to weave at up to 2 meters in width with small 
power consumptions. It is also possible to weave at up to 
1000 picks/min on narrower looms. Several forms of water- 
jet loom have now become established. Performance in 
comparison with other types is shown in Table 15.1. 

Projectile Loom (Gripper Shuttle Loom) 

A more positive way of inserting the filling without resorting 
to the heavy shuttle is to  use a projectile or gripper shuttle 
which grips the end of the filling yam presented to it and, 
when projected across the warp shed, tows the filling yarn 
behind it (see Fig. 15.1(c)). This projectile or gripper shuttle 
will be referred to throughout the rest of this text as a 
projectile although the alternative names of gripper shuttle 
and gripper still have some currency. The projectile does 
not have to carry a yarn package with it and it need only 
be relatively light in weight; however, it is sufficiently 
massive to be unaffected by minor obstructions in the 
warp shed. 

Since there is no moving package, there can be no normal 
selvages and it is usual for the projectile always to travel in 
the same direction when carrying the yam rather than to 
reciprocate as in a normal loom. The projectiles are returned 
to the starting point by some form of conveyor belt and 
several projectiles are needed even though only one may be 
in active use at any one time. 

Because the mass of the projectile is much less than that 
of the conventional shuttle, the forces needed to accelerate 
it are less and the picking mechanism can be lighter; this in 
turn reduces the total mass to be accelerated and makes it 
possible to use new systems. Also, becacrse the mass is low, 
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the speed can be increased to conipensate (at least to the 
point where shedding .and beating give trouble). Thus these 
looms can be run  faster than convenrional shuttle looms. Also 
the acceleration of the projectile can exceed that of a 
shuttle by a factor of about 7. This affects both the space 
consumed and the productivity to  advantage. 

A good picking system needs to store energy which is 
released as the shuttle is accelerated; the same consideration 
applies to  the propulsion of a projectile. In the most widely 
used system, a /orsio/i bar (instead of the wooden picking 
stick) is used to store strain entrsy prior to picking and this 
energy is released during the acceleration of the projectile 
by a toggle action. The whole unit is very compact and 
effective (see Fig. 15.6). 

Each new projectile is accurately positioned before it is 
projected across the warp shed 2nd thus  the strength of the 
pick is not dependent on any of thc interactions described on 
p. 224 and 282. The energy expended in picking is roughly 
one half of that used with a normal shuttle despite the 
higher velocity of the projectile. In consequence, the 
picking mechanism is less massive than that used with a 
conventional shuttle, and it is easier to  check the picking 
lever used with the projectile than it is a normal picking 
stick. Also it is much easier t o  check the projectile because 
of its low mass. Bearing in mind the normal difficulties in 
checking, it will be realized that this represents a significant 
advance in design. 

The normal projectile is rather short and if it were t o  
meet a substantial obstruction in passing across the loom, it 
could quite easily be deflected; at worst it could fly out of 
the loom, which could be very dangerous. Also the collection 
of the projectile after it has completed its task of carrying 
the filling is made more difficult if it does not follow an 
accurate path. For these reasons, a series of guides are used 
t o  constrain the projectile as it passes across the loom. To 
make this possible, the guides must protrude through the 
warp sheets as shown in Fig. 16.1. (p.3 13). 
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FIXED 

ROTATION OF CAM c CAUSES RELATIVELY 
SLOW BUILD UP OF STRAIN ENERGY IN 
TORSION BAR PRIOR TO PICKING 

PROJECTILE GUIOEO BY SHOE 

FIXED 

TOGGLE 1EVER 

PIVOT PIN 

D 
PINS CONNECTED 10 

A DASH POT 

SIMULTANEOUS MOVEMENT OF CAM C TO 
RELEASE POSITION AN0 APPLICATION OF 
FORCE T AT TRIGGER POINT CAUSES 
SUDDEN RELEASE OF STRAIN ENERGY 
INTO PICKING MECHANISM 

I 

Fig. 15.6. To@ torsion bar picking m e c k n h i  

At first sight it might seem that a very small warp shed 
could be used because the projectile is so small. However, 
it is still necessary that there should be a clear shed, and 
this means that the angles of the warp must be greater than 
certain minima, As the travel of the lay cannot be reduced 
below a certain level, the warp shed has to be rather large 
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FILLING YARN WOUND 

TO ENTRY TO WARP 
ON 'SHUTTLE' PRIOR 

ARP IS SHEOOED WITH A 
AVE-LIKE MOTION TO PERMIT 

PASSAGE OF A SUCCESSION 

WHICH LAYS IN A LENGTH OF 
FILLING 

RECIRCUM~ON OF BEAT-UP (NOT SHOWN) IS BY 
EMPTY 'SHUTTLES' A WAVE-LIKE MOTION OF A 
UNDER THE LOOM SERIES OF FINGERS 

OF 'SHUTTLES' EACH OF OF 'SHUTTLES' EACH OF 
WHICH LAYS IN A LENGTH OF 

Fig. 15.7. Loom with simultuneous hying of' inany fillings 

considering the size of the projectile. However, there is 
some gain and, perhaps more important, there is an im- 
provement in the warp breakage rate which has advan- 
tageous economic repercussions. 

The use of a small projectile tends to reduce the amount 
of "shuttle" interference (or its equivalent) as shown in Fig. 
16.2. This is because the projectile is shorter and the time 
needed for it to pass a given point is reduced. Also the 
projectile is slimmer than a shuttle and the warp can more 
nearly close on the departing projectile than it can on the 
fatter shuttle. Thus tighter loom timings are possible and 
the gain can be taken as either an increase in loom speed or 
in fabric width. 

Of the two alternatives cited, an increase in fabric width 
is usually preferred and looms of up to 6 meters in width 
are now made. One reason is that the projectile is only use- 
fully employed when it is carrying filling across the warp 
shed. When the projectile is at rest or is being accelerated, 
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it is not fulfilling its main task. With a narrow loom, the 
projectile spends a greater proportion of its time in unpro- 
ductive dwell or acceleration than it does in a wide loom. 
Since acceleration has to be limited to what the machine 
elements can bear, it tends to be the same irrespective of 
the loom width; also in practice the projectile speeds do not 
vary much with loom width, and therefore there is an advan- 
tage in using wider looms. For example, it has been found 
worthwhile to weave sheets side by side on a wide loom 
rather than to use several single width looms. This is despite 
the fact that a pair of scli*age riiotioris has to be fitted for 
each fabric width on the loom. 

Over the years, loom widths have tended to increase and 
this seems to confirm the trend noted abocc. tiowever, 
there must be limits to the gains which can bc achievcd. For 
one thing, the retardation of the projectile in its passage 
across the loom has to be taken into account. Also, and 
perhaps more importantly, the wider the loom, the greater 
is the chance of a warp break. A single end break causes the 
whole loom to stop and the wider the loom, the more pro- 
duction is lost due to  the stoppage. 

Wave Shed or Multi-phase Looms 
An interesting design utilises multiple curriers as shown 

i n  Fig. 15.7. By laying in sevcral li1ling.s a t  the s;iiiie timc. the 
productivity of  the loom is grcatlv Iilcrci1scd if the loom 
operates at  a reasoiiable spced. To nccoinniodatc the 
several carriers, it is necessary for the beating and shedding 
to operate in a wave-like manner so that the opening in 
which a carrier travels also moves with it. This means that 
the shedding and beating elements have to move independ- 
ently at the appropriate times, rather than in a block as 
they do in a normal loom. There are limits to this system; 
for example, an end break can cause difficulty because of 
the progressive entrapment of the multiplicity of filling 
yarns. Winding yarn onto the carriers at a sufficiently rapid 
rate could also cause problems unless there is a multiplicity 
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of winding heads or the carriers are pre-wound. The system 
also limits capability of the loom to produce a range of 
fabric designs. 

Another interesting design utilizes a multiplicity of warp 
shed openings which move in the direction of the warp. 
Several picks can be in motion at the same time, one to 
each warp shed opening. The filling carried in the shed 
opening is beaten into the fell of the cloth as the ‘warp 
wave’ approaches the fell. Once again the multiplicity of 
filing insertions makes possible a very considerable increase 
in productivity. 

Rapier Loom 
The shuttle loom is an imperfect machine in that the shuttle 
is not fully restrained. Mechanical shocks are generated 
when the shuttle comes under restraint; high rates of ac- 
celeration are generated and this limits the level of accelera- 
tion that may be accepted. Thus if full control of the filling 
insertion device is achieved. an advantage accrues simply 
because shocks are almost eliminated ; higher levels of 
acceleration can be accepted and this implies that the 
speed of the loom can.be increased (subject to other limita- 
t ion s). 

At first sight it might appear that a rapier system woiild 
involve less effectivc niass than ;I shuttle system, but this is 
not necessarily so. In theory, i t  is possible 10 rcplace the 
actual system by one i n  which there is an c;fl iwitic IIIU.V.Y which 
is driven along the filling path by a massless drive apparatus, 
the effective mass being that which wotrl<l cause the input 
portion of the system to suffer the same torques or forces 
as the actual one. I n  ;I sliuttlc loom. the effective mass is about 
twice the shuttle m a s ,  i n  a rapier looni it is many times the 
mass of the rapier. The. inertia of tlic rapier drive is thus 
far more important than that of the rapier itself. and it is the 
mass of the drive that larfely controls tlic behavior of the 
whole pickin5 system. Thus it is thc iinprowd mass control 
that is important. ratlicr tlinii tlic ma\!, advantage. 



t i g .  15.8. A simplified rersion of afillirrg transfer system 

One way of controlling thc tilling insertion devicc is to use 
a rigid rapier (Fig. 15. I(b)). One cnd of this carries the filling 
and the other is conncctect to a biiitable linkage or control 
mechanism. In some ways it is almost a rcturn to the primi- 
tive forins of weaving. 

LOOM WIDTH 

CLOTH WIDTH 
TIME 1 

TIME 2 
APPROACH 

GIVER 

TRANSFE A 
TIME 3 

f - RECESSION 

RETRACT AN0 CUT 1 
CONNECT NEW END TO GIVER 

Fig. 1S.9. Sclrenruric diugrrtnr of a rigid rrrpier sc*querrce 
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A disadvantage of this tecliniquc lics i n  tlie space rcquired 
for the reinoval of the rapier to allow tlie warp shed to 
be changed. Evcii i f  two rapicrs are iised. oiic from each 
side of the filmic, this space i.ecjuirenisnt remains. and the 
loom must be at  lcast twice a s  hide i1s the fabric being woven. 
Takins into account thc fact that thcre are always appendages 
which make any loom wider than the fabric and these are 
disposed on either side of tlie loom, it is gencially a11 ad- 
vantage to use a two rapier system. This requires that the 
filling be transferred froin one to the other in the middle of 
the warp shed during the filling insertion operation. One 
rapier (called the gircr) takes the profl'ered yarn and carries 
it to the center of the shed; concurrently. the other rapier 
(called the ~ n k e r )  also travels to the center and the two meet. 
At this time the yarn is collected by the taker whereupon 
both rapiers are withdrawn. the giver retttrnin_g empty and 
the taker completing the motion of tlie length of filling yarn. 
A sketch of a li//itig t r a n s j i ~  systein is given in Fig. 15.8 and a 
diagram of a typical system is shown in Fig. 15.9. An 
alternative system is shown in Fig. 15.10 but in this case 
it should be noted that the free end of the filling can 
rotate during the latter part of the filling insertion phase 
and the yam can lose twist. This is a problem mainly with 
twist-lively yams. 

Although it is possible to use some of  the cxcess space 
needed by rigid rapiers (such as to allow r o o m  for large 
multipackage creels of filling yarn). it is more economical 
in terms of space to use Pcsih/:I mpiers. The flexible rapier 
can be coiled as it is wiihdrawn from the warp shed (Fig. 
15.10) and this saves considerable space. However, a long 
flexible blade tends to buckle when \. ioleiitly accelerated from 
the rear, and latcral restraints are needed to prevent this. 
These may take the form of th in  guides which can protrude 
through the warp sheet at intcrvals along the width of the 
fabric or of piides attached to the rapier drum (see Fig. 16.1). 
If the distaticc apart of tlie guides i s  too great, the rapier will 
buckle; if the distance is too small, the warp will be affected 
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LOOM WIDTH 

.RAPIERS 
WOUND Ow 
OSCILLATIIK; 
DRUMS 

NB YARN PACKAGE OR STORAGE SYSTEM 
SITUAlTEO AT P 
FILLING TENSION CONTROL SITUATE0 
AT T 

Fig. 15.10. Schemutic diugcrum o$ ajiexiblc rupicr wqwcwce 

because of the space taken up by the guides. The rapiers 
cannot be made too stiff or they could not be coiled properly; 
on the other hand they cannot be made too flexible or they 
would buckle easily or need too close a spacing of the guides. 
It is important to get as good a compromise from the 
competing factors as possible since this affects the life of the 
components, and thence the cost of weaving. Of course, it is 
possible to limit the speed since this will reduce the buckling 
loads for a given system, but this can only be done at the 
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F&. 15.11. Double-fabric mpkr loom. 
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expense of production. In this context, it is relevant to point 
out that the use of two rapiers rather than one reduces the 
accelerations needed (which in turn  reduces tlie buckling 
forces at a gikcn loom specd). Thus the two rapier system 
is almost univcrsal i n  niodcrli loom of this type. 

Another development to overcome the space require- 
ment of rigid-rapier looms is the use of telescopic rapiers. 
This system also eliminates the need for the guides that are 
necessary with most flexible-rapier looms. In a recent 
development, a loom was introduced using a single rapier 
with symmetrical rapier heads at each end. This inserts 
filling in two warp sheds on either side of the central drive 
as shown in Fig. 15.1 1. The two sides of the loom operate 
with a phase difference of 180". It is worth noting that 
rapier looms saw considerable development in the seventies 
and have reached fairly high levels of width and speed. 

An advantagc sliiired by ull shuttleless looms is thilt it is 
easier to chnngc thc tilling from onc color (or type) to 
another for the piirposcs of producing dccorati\c designs 
than it is in the shuttle loom. IlistciId of thc \\hole shuttle 
having to bc chanpi, i t  i s  oidy ncccssiiry 10 prvfler it 

different yarn end to the appropriate rapier. This is quicker and 
easier; furthcrmore, it is possiblc to have a wholc array of 
ends awaiting selection and thus niorc complex patterns can 
be woven. Practical limits arise because of creel size and 
complexity; nevertheless the new systcms givc the designer a 
much wider scope and this is important at a time when 
fashion plays sucn a large part in determining whether or 
not the fabric can be sold. 
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16 
MORE ON SHUTTLELESS LOOMS 

Guidance of the Shuttle or Carrier 
Apart from the obvious p i n s  which arise from succcssfiilly 
dispensing with the shuttle, there are other potential gains 
as well. 

At first sight. therc seems to be littlc rcason \ v h v  the 
picking mecliaiiisni of a normal loon1 has to  bc iiio\iiitcd on 
the lay. Cnrcfiil reflexion will r c ~ c a l  that tlic fornard motion 
of thc lay tends to caiisc tlic shuttle to be hcpt i n  coiikict 
with the reed and gravity acts to kccp it in contact wi th  the 
ixceboard; tlic racehoard and rrcd thus act ;IS constraints 
which guide the sliuttlc. Attempts h a w  bcci i  ii7adc to 
introdlice convciitioiial pickins mcclianisiiis \\ hich d o  not 
oscillate with tlic rccd. but shuttlc ;uiJ;iiicc has created 
problems. As the shiittlc o r  its cqiii\.alciit is rediicccl in  sizc 
(or is eliminated). s o  tlic problems becoiiic casicr to clcal 
with. I t  beconics possible t o  iibc giiidcs to ccwtrol the carricr 
used to insert the tilling. itlid the nccd to place the picking 
mechanism 011 tlic la) is c o r r c ~ p n i i l i i i i ~ l ~  rcduccd. l'hc cavricr 
used 10 insert the lillins niight bc air. \\atcr. si.ippcr. layicr 
or shuttle. 
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Fig. 16.1. Gnidance of Jlling curriers 
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It is interesting to observe similarities i n  a variety of 
systems. The air-jet loom sometimes uses guide5 a5 indicated 
in Fig. 16.l(a), the rigid rapier lnoiii is controlled by an 
appropriate linkage, the Je.vib/c rapier. loom uses guides as 
indicated in Fig. 16.l(b) and the gripper loom uses guides 
as indicated in Fig. 16.1(c); sometimes, the flexible rapier loom 
also uses guides similar to those mentioned in the latter 
reference. In each case, the filling insertion system is not 
connected to the lay and the object is to control the movement 
of the carrier. Arrangements have to be made to remove any 
guides protruding through the warp whilst beat-up takes 
place and the simplest way of doing this is to arrange the 
trajectory of the lay to be such that the guides leave the 
warp without fouling the fell of the cloth as the lay moves 
forward to the beat-up position. 

Lay Motion 
Having removed the picking mechanism from thc lay and 
thus considerably rcduced the oscillating mass, it is possible 
to think of increasing the operating speed or incrcasing the 
dive// of the /ay to give wider fabrics, or both. The operating 
speed for a given width-is controlled by thc spcctl o/ imerrion 
of the filling and the latter citnnot be brought beyond a certain 
level. Thus, there is every incentive to consider the produc- 
tion of wider fabrics. In the past, air- and water-jet looms 
have been limited in width and the gains have been taken 
in terms of speed. Modem developments have permitted 
some of the gains to  be taken in terms of width. Develop- 
ments in wide shuttleless looms have occurred. 

Consider a very wide loom with iion-nieclianical syn- 
chronization. It is possiblc to contcniplatc a loom i n  which 
the arrival of the shuttle at a shuttlc box t r i g c r s  thc bcnt-up 
lnotion and the slicciding at ;ippropriatc intcrvnls and one of 
these actions triggers thc next pick and so on. In such a case, 
the shvdtlirig diugrum would be clongatcd and it would be 
possible to allow the shuttle to tralcl for  cxtciidcd timcs to 
give very wide fabrics. The filling transport bystcm is only 
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directly useful when it is actually trailsporting fillins t l i r i q h  
the warp shed. In one sense, the tiinch needed t o  ctccclcratc 
the system, replenish it and accelerate it back to speed arc 
waste. Thus, one might think of the efficiency of the system 
being typified by the ratio tdr. (Fig. 16.2). If ;I large carrier 
is uscd (such as a shuttle), the useful transit time is lcss than 
when a small carrier (sucli as a gripper o r  rapier) is used with 
the same shedding. In other words, il is possible to gct a 

0 q 
a 
Y 

I ul 

TIME - 
HEIGHT NEEDED TO CLEAR GRIPPER 

HEIGHT NEEDED TO CLEAR SHUT1 

ELONGATED SHEDDING DIAGRAM 

Fig. 16.2. Shcdrmg Jiugrumjor u nide loom 

wider fabric and a greater transport efficiency by using a 
small carrier. Obviously, to get the best advantage out of 
this characteristic, it is necessary to redesign the lay drive 
so that the beat-up motion is completed in time tb .  A 
simple crank system will no longer suffice and it becomes 
necessary to seek alternatives. One well-established alter- 
native is to use cams which can be designed to give almost 
any reasonable dwell period required, and the beat-up 
motion can be confined to a small angular movement of 
the crankshaft. It is also possible to arrange for the camer 
to be projected across a stationary lay which helps with 
the guidance problem. The timing diagram of a Sulzer 
loom illustrates these points well (see Fig. 16.3). 
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2700 

U 

\ L A Y  MOVES BACKWARD 

loso * PICKING 
STARTS 

Fig. 16.3 Thing d i a p m  for a 5.5 m (213 inch) Sulza loom 

To minimize forces, thc fay motidi during the accelcration 
and deceleration phases should be approximately parabolic 
in much the same way as i s  required for picking; also, slight 
modifications to the cam profiles are needed to reduce shock 
levels. The similarities between the two cases are so close 
that further discussion is superfluous for the present purpose. 
If the lay has an appreciable mass, it would be unwise to 
atlow it to be retarded by the boating action itself; normally a 
positice control is needed. One means of doing this is to 
employ another cam to act to decelerate the lay.  A neat 
way of disposing the opposing cams (conjugate cams) to 
give the controlled motion required is shown in Fig. 16.4. 
By dispensing with the shuttle boxes and other impedi- 
menta, the lay mass can be reduced substantially. In one 
operational design, the effective lay ~ U S S  is less than 30 
per cent of an equivalent shuttle loom and consequently 
the accelerations involved can be increased to  compensate 
without causing mechanical difficulty. The acceleration is 
a function of the cam design and loom speed; in practice, 
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CAM *1 HOLDS RELO 
LAY ROCKS ABOUT IN BACKWARD POSITION 

SYSTEM IN DWELL 

A clearance is shwn 
lor the purposes of 
explanation. Normally 
this clearance is 
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zero. 

.CAM '1 INACTIVE 

,CAM *Z CAUSES REEO 
TO BE M V E D  INTO 
FELL OF THE CLOTH 

SYSTEM AT BEAT-UP 

Fig. 16.4 Lay driven by conju#ate m m  aa In S d z a  loom. 

it is possible to take some of the gain in terms of an 
increase in speed. 

If the lay is very lignt in weight, i t  is possible to allow 
the beating action to retard it; this is known a s  negntire 
bent-up. In such a case the beat-up is force controlled rather 
than position controlled, with the coiisequciice that the 
pick density migh[ vary from zone to zone in the fabric. 
This can give dificiilties with let-off and take-up mechanisms. 

In the case of the cam driven lay. the amplitude and speed 
of lay movement afycct thc forces involved. Sincc the limiting 
factor is the force involvcd, the amylitiidc iiiust be kept as 
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low as possible so as to permit high speeds. Obviously 
the amplitudc has to be large enough to permit a filling 
insertion device to pass through the shed; it follows, tlicre- 
fore, that the smaller the filling insertion device, the better. 
Hence by careful design, it is possible to obtain significant 
gains in spced and width, both of which tend to increase 
productioii and reduce cost. 
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F&. 16.5. Effect of wldth on avemge projectile velocity. 

Loom Width 

There is a limitation in \ \k i th  f o r  c a d i  class oT looni .  In the 
case of jet looms. the \3 idth i3 controlled b v  tlic jet character- 
istics. In thc case of I-apicr loom\. sp;ice and/or rapier 
characteristics control tlic width. In all cases end breakage 
rates l imit  the widths that c;in be used in practice. 

With projectile or shuttle looms, one controlling factor 
is the decline in speed of the projectile or shuttle as it passes 
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across the shed. Figure 16.5. shows typical velocity charac- 
teristics of a projectile. The accuracy of projecting the 
shuttle affects this characteristic. If, for example, a projec- 
tile were badly projected through a set of guides as shown in 
Fig. 16.1(c), the projectile would rub heavily against the 
guide surfaces and would be retarded correspondingly. 
Hence an accurate picking device is required. Also, even if 
the picking mechanism is worked to give the maximum 
initial projectile velocity, the average speed will decline as 
the loom is made wider and the projectile transit time 
becomes longer. Thus the loom speed has to  be reduced as 
the width of the loom is increased. The extent of this 
depends in part upon the design and accuracy of the system. 
For example, if a single guide is set out of position, it will 
deflect the projectile and cause an extra retardation which 
in turn will lower the average speed. This point is illustrated 
by Fig. 16.6, which shows a graph relating loom speed and 
width for a Sulzer loom. It  is commercially possible to 
weave some fabrics whose total width exceeds 8 m (300 in); 
furthermore these fabrics can be woven at speeds higher 
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than with many shuttle looms of a fraction of that width. 
Figure 16.6 also shows how the productivity of a series of 
looms increases with width; however, this assumes 100 per 
cent loom efficiency and, as will be described later, this 
drops with width if all other factors are kept constant. 
Nevertheless, the reason for the urge to use ever wider 
looms can be quite easily seen. 

With a rapier loom. the maximum width is set by the 
rapier characteristics. A very wide loom with a rigid rapier 
system would require excessive space, and space costs 
money, but 2 m width models are available. A flexible 
rapier reduces the need for extra space but it  does not 
eliminate it. The rapier has to be coiled and the diameter of 
the coils on each side of the loom are extra to the fabric 
width. Attempts to use more than one wrap on the coiling 
drum have not yct proved to be successful; hencc very wide 
looms normally require rather iarge diameter coiling drums. 
Furthermore, the buckling /c/i,qth of a rapier depends on the 
thinness of the blade and upon the unsupported length of 
blade that has to be accclerated; tliits there is a connection 
between the loom width and the design of tlic rapier unless 
intermediate guides are used. 

Consider the case of a simple rapier loom without inter- 
mediate guides. The bucklirig load of il strut can be stated 
as EIn2 /Q2 (the so-called Euler equation) and a rapier being 
accelerated from one end acts as a strut. E is the modulus of 
elasticity for the material of tlie blade. I is tlie second mo- 
ment of area of the cross section of the rapier blade, and II 
is the unsupported length of rapier being iiccelcratcd. For 
the purposes of explanation, let tlic problem be sitnplilied by 
assuming that the mass of rapier bcing mxlcrated docs not 
change as the rapier is extended. and Ict this niiisb = M. 

If the acceleration of the rapier is x ,  then when 

(16.1) 

the rapier will buckle. 
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This can bc rewritten in the forin, 

( 1  6.2) 

Thc accclcration charactcristic of a normal rapier is 
similar to that shown in Fig. 16.7. from which i t  can be seen 
that as the rapier tip passes the quarter point on its way to 
the centcr, thc rapicr is undcr tciisioii a i d  will iiot buckle. 
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It is during the approach to the quarter position that the 
rapier is under compression along its length and is likely to 
buckle. For a given rapier ( M / E f )  is a constant and therefore 
(a Pz ) must not exceed some value which is set by the rapier 
design. This result is based on an approximation, but it still 
remains true that, for a given rapier operating at a given 
acceleration, the length has to be limited if buckling is to 
be avoided; this means that the loom width must be limited, 
too. Also the acceleration a is proportional to the loom 
speed; thus, loom width and speed are related. 

The above limit only applies if it is assumed that there 
can be no intermediate guides along the rapier path which 
can provide lateral support to the rapier blade and prevent 
buckling at those points. I f  the guides were packed together 
to form a continuous tunnel, the rapier would not buckle 
but it would not then be possible to have a warp capable 
of shedding. Obviously there has to be a guide spacing 
that minimises rapier buckling but does not unduly inter- 
fere with the warp. The guides have to be somewhat 
similar to those shown in Fig. 16.l(c) and there has to be 
sufficient room for the warp, which means that there must 
be a limit on the number of guides. If the distance apart of 
the guides is A, and since A<Q, it should become apparent 
that if the loom with guides as shown in Fig. 16.l(b) can 
work at speeds in excess of 250 p.p.m. then there should 
be little trouble with the more elaborate guide system 
irrespective of width unless it be due to wear of the guides. 
Thus from a purely mechanical standpoint, it is possible to 
use rapiers on very wide looms and the ultimate limitations 
are found elsewhere. 

End Breakages 
Any wide loom is more prone to warp end breakages and 
the production lost due to a single end break increases with 
the width. Hence to make the use of a wide loom economic- 
ally feasible, the warp and filling breakage rates have to be 
reduced. The reason for a warp brcakage is that the applied 
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force exceeds the strength of the weakest warp end exposed 
to load. Local weaknesses in the yarn increase the warp 
breakage rate and it is important, therefore, to have yarn 
that has a good regularity and which has bcen slashed 
properly. This is particularly important with wide looms, 
and strict quality control should be applied to get the best 
results out of these wide looms. An example may help to 
illustrate the point. Supposing that serious warp yam faults 
occur on average every 2000 meters of yam and the loom 
has 1000 ends, then the loom would stop (on average) 
after weaving only 2 meters. 

Looms with a stiff reed (which is often the case with 
shuttleless looms) and a sharply impulsive beat-up do not 
allow yarn faults to pass so freely as conventional looms; 
consequently, efficient clearing of the warp yarn is a 
necessity. Positioning of the warp can also be more critical; 
so can the tying-in process. 

Another approach is to reduce forces acting on the warp. 
The majority of these forces are generated during shedding 
and beating. By reducing the depth of warp shed, the load 
on the warp can be reduced and the use of a small gripper 
or rapier permits some relief in this respect; however, these 
reliefs are offset by the increase in speed with looms of this 
sort. By having more accuratecontrol of beating, it  is possible 
to reduce the end breakage rate also. This implies that a 
lightweight, stiff and accurate mechanism should be used. 
Such precision made components are expensive and this 
increases the cupiral incesinicwt necded ; cconomic considera- 
tions havc to be weighed very carefully if the new technology 
is to be used successfully. 

The winding of the filling packages in those cases where 
a storage system is not used can be important. A cone is 
normally used; the angle and wind are critical and windiiig 
patterns can increase the end breakage rate to an untenable 
degree. The breakage rate using a given wind of package 
varies according to the yarn in use; a smooth yarn tends to 
allow coil slippage which is a frequent cause of end breakage. 
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Commercial Considerations 
To get a good return on money invested it is necessary to 
ensure that the machinery installed has a high productility 
and is kept i n  operation for as large a percentage of the work- 
ing time as possible. Thus if the new machinery is more 
expensive, it must also be more productive and require less 
doiw tiiiie than the machinery it replaces. The new looms 
should thus work at higher speeds or with wider widths or 
both, since productivity is measured by the algebraic product 
(speed x width). Also a more closely controlled technology 
has to be applied. A further factor is the marketability of 
the fabrics produced. If the quality is higher than can be 
produced by the older equipment, then it will either fetch a 
premium (which increases profits) or will displace poorer 
products and thus preserve the market (and the jobs that 
go with it). If the qiiality is poorer, the reverse will apply; 
thus care has to be taken in this matter irrespective of 
productivity. 

Yet another factor is the availability of labor. As years 
pass, labor becomes more expensive and scarce. Fewer 
people will work in a poor environment and niost will seek 
pleasant and modern working conditions. Many will wish 
to work at a higher level of skill than today and few will 
wish to carry out manual labor. The use of sophisticated 
high-production machinery helps i n  this respect a i d  makes it 
possible to recruit labor wliich otherwise woiild be un- 
obtainable. The higher cost per man hour hns to bc owset by 
the higher prodiictivity so that the cost per un i t  oiitpiit of the 
textile product is kept down to the levels decided by the 
market. In this respect it is the competition that helps set 
this price, and the more ccniytitors introdlice modern 
machinery, the more imperative it becomes to follow suit. 
Thus there is a continuing swing from niaii to machine. from 
a labor ii1tcwsii.c to a cupiral iirrcmii-c .s,r . .s/cii i .  

As looms bccomc more expensive. so the C O S ~  of kecpin? 
them idle rises. 0 i w h e r r t l . v .  i ir /crcs/ and othcr c1ia1.p still 
have to be paid 011 an idle niacliint. and t h c d ~ r e  tlic idle 
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time niust be mininiired. Even if 110 interest chilrges are paid, 
tlicy should be charg,cd iigaiilst the machine 011 the basis that 
the capital might havc bccn better invcstcd elsewliere. The 
annual fixcd cost contains ili1 npprcciahlc intcrcst ci>l11pi>l1ci1t; 
thereforc tlw cost of idc  /imc go's up with thc cost of the 
machine and with the interest rate. The labor cost per unit 
production goes up with the cost of labor but down as 
productivity is increased; it goes up with the fault rate. Power 
and maintenance costs tend to go up with speed but such 
trends can be offset by good machine design. Hence, to be 
successful, it is necessary to be able to choose appropriate 
machinery and then manage it so as to produce the quality of 
goods required at the niinimum cost. This involves technical 
knowledge and management expertise to keep the looms 
and other machinery running -efficiently over extended 
periods, 
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17 
WEAVE ROOM MANAGEMENT 

Key words : air-conditioning, Iielper-wearer systeni, integrated 
mill, loom assigtinietit, inacliirie interference, mill, pick 
counter, pick spacing, relatice humidity, snrash, sinash hand, 
spinning mill, total cost. 

Introduction 
The conversion of yarns to woven fabrics is an integrated 

system utilizing many types of machinery and skills. Some 
mills are fully integrated; some are concerned only with 
weaving and depend on others for the rest of the process. 
An integrated niill will have a different system of weave 
room management from one which depends on buying' the 
yarn from a spinning ndl. Since weaving involves the use of ail 
types of yarns-natural, man-made, fine or coarse-this 
must also have its effect on the weavincg system. 

Fabric production has become a very competitive industry 
and :he survival of any system depends on the economic 
production of fabrics suitable for the end use. Fashion and 
styling play a very important role in fabric production and 
this has a great effect on the management of weaving mills. 
Effective management can only be achieved by fiiil knowledge 
of the mill capabilities, materials used, sales and market 
situation. Development of new fabrics niust be based on this 
type of knowledge. 

Loom Production and Efficiency 
The productivity of the loom can be considered to be a 
function of its speed, width and type, but as was nieiitioiied 
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earlier, the loom speed is function of its width and  typc. 
Another very iniportant factor which alTects thc prodiiclion 
of fabric on any loom is the pick spc i t ig .  Equation 17.1 
gives the linear production of the loom in m/h at 100% 
efficiency. 

Theoretical loom production = 

(17.1) loom speed - 6o m/h pick density 100 
where the loom speed is measured in picks/min and the pick 
density in picks/cm. 

This theoretical production cannot be achievcd unless the 
foom runs continuously without any stoppage; this is not 
possible in practice, since warps have to be changed and 
there are bound to be some stoppages because of yarn 
breakages or mechanical failures. Therefore the loom has an 
efficiency less than 100 per cent (see eqn. 17.2). 

actual production 
theoretical production Loom Eficiency = x 100 per cent 

( I  7.2) 
Although the loom speed drops with width, the overall 

production in m2/h increases with loom width, as shown 
in Fig. 16.7. To demonstrate this, consider the following 
examples. Let the speed of a 1.1 m (45 inch) width loom 
be 200 ppm and the speed of a 2.1 m (85 inch) loom be 
150 ppm. Also assume that the wide loom produces two 
fabrics side by side, each of 1 m wide and similar to that 
produced by the narrower loom. Let the fabric have a pick 
density of 25 picks/cm (63.5 ppi) and let the two looms 
have efficiencies of 90% for the narrow loom and 80% for 
the wide loom. 

Production of the narrow loom: 
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1 cm 6 0 m i n x  1 m x  l m x  - 90 = 
min pick hr 100 cm 100 P = 200pick x * T X  - 

4.32 m2 lh  

Production of the wide loom: 

picks 1 cm 6o -x mi' 1 m x 2*m x -- 80 - 
min hr 100cm I00 P =  150-x 

6.48 mz /h 
*Note: 2 should be used rather than 2.1 because this gives 

The icmring cficicitcv, which describes how effectively 
a batch of looms work in a normal working environment, is 
affected by many factors including: 

(1) Loom type, width and speed. 
(2) Yarn type, quality and density. 
(3) Fabric structure and style. 
(4) The weaver's skill and work load. 
( 5 )  The weaving conditions. 

The loom speed has a direct effect on the number of 
warp breaks, filling breaks and mechanical stops. The width 
also affects the number of breaks because these depend, in 
part, on the number of ends i n  the warp. 

The quality of the yarn has an obvious effect on loom 
stoppages and so does the type of yarn. A weak, fuzzy yarn 
will break very often whereas a strong smooth uniform yarn 
will withstand the weaving conditions better. The fabric 
structure also affects the warp breakage rate, since a 
fabric with a high numbcr of interlacings in the design or a 
high end density (epi) tends to have a large number of 
breaks. The style has an effect on the time taken to repair a 
yarn break. In the case of a one color fabric. the weaver 
can find and tie the broken end much quicker than in the 

the fabric width. 
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case of colored stripes; with dark colors it  is more diffcult 
to repair broken ends than with light colors. Skilled weavers 
can repair broken yarns very quickly compared to unskilled 
weavers. Also the work load of the weaver has a very import- 
ant effect on the weaving efficiency. since it affects the tinie 
a loom is stopped awaiting attendance. Weaving conditions 
such as humidit), temperature and loom condition are also 
very important factors affecting the rate of loom stoppages. 

The weaving efficiency depeiids to a very great extent on 
the number of looiiis per weaver. This number varies from 
4-150 looms per weaver and depends on the number of 
loom stops and the repair times. Indeed, the maximum loom 
efficiency can be obtained if the weaver operates only one 
loom, but this is normally quite uneconomical because the 
idle labor more than offsets the savings in idle machiiie 
costs. Indeed, what is required is a minimum total cos/. 
Therefore, there must be a number of looms allocated to a 
weaver which gives the best compromise between idle labor 
and idle machine costs. It is the duty of good management 
to arrive at the best decision for thc various diflerent condi- 
tions as they arise. 

The Weaver's Work Load 
Two systems are commonly used for deciding on the type 
of work the weaver has to perform. In the first, the weaver is 
allotted a relatively small number of looms and is expected 
to perform any type of work relating to weaving. This system 
is only suitable when limited skill or low wages exist. I n  the 
second system, the Iie/per-ic*eai~er syxtem, the weaver is 
highly skilled and only performs jobs wliicli need these 
skills; these tasks seldom take more than I or 2 min. In this 
system, the weaver iiormally has a large complement of 
looms, and has working with him or her one or more helper 
weavers. The work of the weaver is to patrol the allotted 
section inspecting the warp and the fabric to prevent yarn 
breaks or fabric defects froiii occurring. Also, the weaver 
has to repair any broken ends and to start the loom again. 
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The helper weaver, or s n m r l i  /i(ind. is normally less skilled 
and his or her work involves those jobs which take more 
than about two minutes to repair. Such jobs are: repairing a 
unarh, changing a warp beam, zettiiig a new warp going, etc. 
This system uses the weaver to full  advantage and is in wide 
use in large mills. 

The work load of the weaver is normally from 45-50 min. 
every hour, leaving 10-15 min. for relaxation and personal 
needs. The working time is divided between repairing yarn 
breaks, walking and inspection. A weaver can walk several 
miles in an 8-hr. shift and this has to be considered wheii 
allotting the weaver his or her load. Table 17.1 lists typical 
weaving conditions which should give an idea of a weaver's 
work. 

Table 17.1 
Loom Stops and Repair Time for a Shuttle Loom 

Ti pe of Sroppqc Tipicat Occirrreiics Trpical Repuir 
Rrtie per Looiir How Time (titin.) 

Warp brcak I .o 
Filling break 0.3 
Slack ends 0.1 
Other (niisdrawn. 

bang-offs, etc.) 0.1 - 
Total 1.5 

0.9 
0.4 
0.5 

0.8 - 

From this table it is possible to calculate the time spent by 

Repair time/loom hr = ( 1 .O x 0.9) + (0.3 x 0.4) 

the weaver on repairs per loom hour as follows: 

+ (0.1 x 0.5) + (0.1 x 0.8) 

= 1.~15 min. 

If the weaver is allowed 20?< of his time for re1as;ition mid 
subsidiary duties, then thc weaver work will amount to 48 
min./hr. This time is spent 011 ixpairs as well as patrollins. If 
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30 min’/hr. are considered necessary for repairs, the number 

of looms per weaver is: - = 26 looms. 

lfon the average the weaver walks from one looni to another 
in 3 seconds, the time of one patrol is 3 x 26/60 = 1.3 min. 
The balance of time available for patrolling is 48 - 30 = 13 
min./hr. and therefore it is possiblc for the weaver to make 
18/1-3 2: 14 patrols/hr. 
To estimate the distance a weaver has to walk every hour, 

let the average distance from one looni Lo the next be assumed 
to be 3 meters (1 0 ft). 

Patrolling distance/hr = 3 x 26 x 14 = 1092 meters. 
In English measure this is about 5 miles/shift. This is 

one of several constraints on the weaver’s work load. 

30 
1.15 

Calculation of 1/14 Weacing Eficiency 
If the weaver works only on one loom, then according to the 
rate of stoppage and repair timesgiven i n  the previous example, 
the efficiency would be ( 1  - 1-15/60) x 100 = 98 per cent. 
This means that the weaver’s work load would be only 1-15 
min./hr., which would make the cost of weaving very high. 
Normally the weaver has to attend to a large complement of 
looms and there is no guarantee that, when the loom stops, the 
weaver will be immediately available to repair the break and 
restart the loom. Thus the loom has to be stopped for a certain 
period of time waiting for the weaver to attend to it. This 
results in a loss of machine efficiency due to iiiachiite iiiter- 
ference. As the stops occur at random, prediction of the 
weaving efficiency is coinplicated. However, it is not difficult 
to measure the loom efficiency over a certain weaving time 
and obtain the average weaving efficiency for any set of 
looms. This is normally done by counting the actual number 
of revolutions of the loom crankshaft using apick cormter. 

Let measured loom efficiency = r) 
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No. of picks actually inserted 
loom speed x time 9 =  x 100 per cent (1 7.3) 

This is actually the niiniber of picks inserted in the fabric 
expressed as a percentage of the number of picks which should 
have been inserted. 

It  is important for the weave room manager to be able to 
estimate the weaving efficiency before assigning looms to a 
weaver even though it is usually necessary to adjust it 
subsequently. It should be remembered that the assignment 
should vary according to weaving conditions, In other words, 
the manager should be in a position to calculate the weaving 
efficiency for any new assig/inte/tt which arises as the yarn, 
fabric structure, or some other factor is changed. There is 
no simple formula to give an immediate answer, but there 
are methods available by which the weaving efficiency can be 
estimated. One of the methods used in this connection is the 
one given by Kemp and Mack(30); tables were produced 
from which the weaving eficiency can be estiniated with 
relatively simple calculations. According to this method, the 
weaving eficiency for the previous example is calculated as 
follows : 

Let x = Average number of loom stoppages per minute 
1.5 
60 

= - = 0.025 

C = Average repair time in niinutes 
1.15 
1.50 

= - = 0.77 

N = Number of looms per weaver 

k E Walking and inspection time (between two looms) 
= 26 

in minutes 
5 
60 = - = 0.05 min. 
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For 20 per cent personal relaxation time the values of C and 
k are inflated to C' and k'. 

0.77 
1 - (relaxation factor) 0.8 

= - = 0.96 min. C c'= 

0.05 
0.80 

k' = - = 0.0625 min. 

To find the efliciency in the tables, the followi~ig two para- 
meters are used. 

xC' = 0.025 x 0.96 = 0.024 
and 

xNk' = 0.025 x 26 x 0.0625 = 0.041 

These two parameters relate the idle time of the looms to 
the total machine and patrol times respectively. In the 
particular case, the tables show by means of linear inter- 
polation that the weaving efficiency is 91-9 per cent. It 
should be noted here that the efficiency values obtained from 
these tables exclude stops outside the control of the weaver, 
such as mechanical stops. This may reduce the efficiency by 
as much as 3 per cent and therefore the estimated weaving 
efficiency might be reduced to some 89 per cent. 

The foregoing example shows how the tables can be used 
to estimate the effects of interference. It docs not show what 
the optimum weaving efficiency should be. Before this can 
be considered it is necessary to consider some other aspects, 

Computers 
With computers it is possible to store all the data from 

the tables and, by using only a simple program, the efficiency 
can be calculated quickly and expeditiously. The weaving 
efficiency so calculated can be no more accurate than the 
estimate of the parameters involved but the use of computers 
enables the parameters to be continuously assessed so that 
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better accuracy can be obtained. Furlhermore the computer 
can be used to monitor performance and analyze the fault 
rates in terms of failures of machines, men or materials. 

Weaving Costs 
The success of any industrial or business enterprise can be 
measured by the profit per un i t  capital investment. Since 
the profits can be considered as the difference between sales 
income and production expndititres, total profits can be 
increased by increasing the volume of sales or by reducing 
expenditures or by incrcasing the value of the product. 
Normally. the market is highly competitive and the sales 
income per uni t  production is closely defined by supply and 
demand; rarely can the product dictate the price. 

The sum of expenditures assigned to any product repre- 
sents the cost of the product. Assuming that the price of 
the product and the productive capacity of the mill are fixed, 
then any increase in profit must be accounted for by a 
reduction in the cost of the product. The cost of a meter 
(yd) of a finished fabric includes a proportion incurred by 
each department which has a part in the production of 
the fabric. The elements of production costs can be 
defined as: 

(1) Material costs (which in the case of a weaving mill are 

(2) Labor costs. 
(3) Overheads, such as thc cost of building, heat, power, 

mainly due to yarn costs). 

machinery, insurance, tax, etc. 

All these costs may be classified as direct or indirect costs. 
Again this part deals only with weaving mill costs, but 

the discussion can only be general because of changing 
nature of weaving mills as far as the type of machinery, 
type of yarn, systems of organizations, etc., are concerned. 
It  is intended merely to direct the attention of the reader to 
some of the important factors. Actual figures vary consider- 
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ably according to the yarn material, count, fabric structure 
and so on. However, it is appropriate at this stage to present, 
in rough figures, the percentage of the different cost elements 
of a plain cotton woven fabric. In this example the costs are: 

Raw material (yarn purchased) 65 per cent 
Labor 20 per cent 
Other manufacturing costs 15 per cent 

The important point arising from these figures is that the 
weaving managenieiit has no control over about 65 per cent 
of the cost of the fabric they produce and profits can be 
earned only by very careful control of the reinailling 35 
per cent or so of the total cost. 

The weaving costs (i.e. the cost of conversion of yarn to 
fabric) may be divided into three niain elcnieots: 

(1) Labor costs. 
(2) Fixed costs. 
(3) Other expenses, 

The labor cost is a function of the skill and personal 
efficiency of the Pperator and the type of work. Howcver, it 
is not always advantageous in terms of total cost to consider 
the maximum efficiency in one isolated area. The labor 
cost is the sum of costs of personnel directly involved in 
operations from preparation through to inspection of the 
final fabric. Efficiency in onc area may be bought at the 
price of inefficiency elsewhere. I t  is therefore necessary to 
optimize in terms of minimuni total cost. Of the total 
conversion cost, labor forms a high proportion (often as 
much as 50 per cent). 

The fixed costs are those which do not depend upon 
production; examples of these are rent, interest, depreciation 
on machinery, overheads, etc. These have to be paid ir- 
respective of whether the machinery is earning revenue or 
not. These costs are of the order of 30 per cent of 1he total 
conversion costs, but the proportion is gradually changing. 
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This is especially true where expensive new weaving machin- 
ery is installed, These costs should be exprcssed in terms of 
cost/kg (cost/lb) of product and therefore the production 
rates have to  be taken into account; it is entirely possible 
that the weaving cost/kg when using an expensive modem 
high-production machine is lower than the traditional cost. 
However, a new cost balance may be necessary to give the 
Iowest possible total cost. 

There is a considerable incentive to incrcasc production 
rates using advanced machinery, and a corollary to this is 
that there is usually an increased demand for power. The 
cost of this powcr is reflected. in thc cost of the product; 
in tropical or semi-tropical areas, the increased power usage 
leads to a need for air-conditioning which inflates the cost of 
power and of the installation generally. 

With the more expensive machinery and installations, it 
becomes necessary to spread the cost by shift working and 
increasing productivity. 

Optimization of Costs 
Frequently there is an ill advised insistence on high weaving 
efficiencies, but this does not necessarily lead to minimum 
weaving costs. To understand this, let the operation be 
analyzed mathematically after making certain simplifying 
assumptions. 

Assume that the weaver’s patrol is always along a fixed 
path which is in the form of a closed loop. Assume that the 
looms are equally placed around the loop and that the 
weaver patrols only in one direction (i.e. she does not turn 
back to repair a break, even though it occurs just after she 
has passed the particular loom). Furthermore, assume that 
the mending time is negligibly small compared to the average 
running time between breaks. 

Let a = number of looms/weaver, 
n = actual number of breaks/lir., 
N = numbcr of breaks/hr. if they are repaired hi-  

mediately, 
3 36 



L = labor and other variable costs/hr 
F = fixed cost/loom hr 
P =  machine productivity (e.g. lb/hr) at 100 per 

cent efficiency 
C= total costlunit mass added to product during 

weaving 
t =  average time to walk from one loom to the 

next in hours 
T = average machine cycle time in hours 

= average time between one break and the next 
on one loom 

11 = machine efficiency. 

Also let 
To = average running time between breaks on one 

loom 
= 1/N and let this be independent of the loom 

assignment 
Tw = average waiting time for a repair = kat 
k = distribution constant 

T = T o + T w  

q =  (1+ 2) -I 

Total added costlunit mass = C 

= (5) (. + $) 
= u x v  

For a minimum value of C with respect to (a): 

(17.5) 

dv dU 
uda' -v - da 
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a2 

butq = (1 + r) kat -1 and 2 = -112 - kt 
TO 

L kt 
TO 

L kat 
a TO 

L kat 
and Fa To 

butq - = 1 -q 

- =  (1 7.6) 

L 
Fa = X = cost ratio - Let 

kat then x = -  
TO 

and 

or 

a = O  X T  
kt 
X a = -  

kNt (17.7) 

The constant (k) is a statistical parameter which des- 
cribes the distribution of breaks actually encountered, 
and (a) is that assignment which minimizes the cost of 
conversion of the warp and filling into woven fabric. 

The fixed cost (F) includes interest, depreciation, over- 
head, maintenance, air-conditioning, space and manage- 
ment costs. The variable cost (L) is comprised of the labor 
cost (i.e. weaver’s wages) and any other costs that vary 
likewise. The quality of the warp shows up in the number 
of warp end breaks/hr (N) and such quality has a consider- 
able impact on the optimum assignment. 

Equation (1 7.7) implies that the loom assignment also 
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depends on the relative costs of man and machine, as well 
as the distance apart of the looms. The time of operator 
traverse (t) depends on the duties assigned to the weaver. 
If the conversion cost is to be minimized, adjustments in 
assignments have to be made from style to style, and also 
when new machinery, working hours, wage rates or altered 
working conditions are involved. 

As wage rates go up in relation to the fixed costs, so 
the weaver's time has to be conserved by raising her assign- 
ment, and this implies that the weaving efficiency will drop. 
Conversely, any increase in fixed costs (such as that arising 
from new investment in machinery) requires that the machine 
efficiency be raised. It is always an advantage to keep the 
end breakage rate as low as possible as far as weaving is 
'concerned. To ensure a good end breakage rate it is usually 
rrtcessary to spend money on good preparation or good 
quality yarn or both. Once again, there has to be a comprom- 
ise to achieve the lowest overall cost. 

Often, market pressures can make it necessary to weave 
cloth narrower than the loom is capable of doing; this means 
that the production of the loom is correspondingly reduccd 
and the cost of the final article is correspondingly increased. 
Hence it is desirable to insure that the width capability of 
the looms be used to the fullest extent. Where the market 
demands flexibility in this respect, consideration should be 
given to working in multiple widths on wide looms to get 
that flexibility or to having as wide a range of widths of loom 
as is practicable. 

A further item is obsolescence due to the inertia caused by 
the large amount of material in process at one time. Sudden 
changes in fashion can render the time and money spent on 
preparing and even weaving these materials into utter waste. 
Therefore, it is essential to minimize the effects of this as far as 
possible by reducing the inventory to the lowest level prac- 
ticable. It is also helpful to use fabric designs which delay the 
find styling to the latest possible moment so as to keep the 
options open as long as possible. This is one reason why print 
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materials are sopopullar, since the final product can be altered 
to suit the market without having to change the specification 
of the cloth being woven. Similarly, it is easier to change the 
filling or the filling pattern than it is the warp. 

Weave Room Environment 
The atmospheric conditions in a weaving mill are very 
important not only for the comfort of personnel but also for 
efficient weaving. The temperature and r e f d u e  huinidiry of the 
air can be critical in determining the efficiency of weaving. 
The required temperature varies between 21" and 25°C 
(70" to 77°F) and the relative humidity can vary from 50 
per cent for some synthetic fibers up t o  80 per cent for 
low grades of cotton depending on the fiber processed. 
Depending on the location of the weaving mill and the 
season, this may require heating or cooling and humidity 
control. Therefore it is necessary t o  have an adequate 
air-conditioning and control system. This can be of the 
central station type or it may consist of individual units. 
The central station system is preferred, especially if the 
plant is new and the site provides for the necessary space 
for the duct work, cleaning apparatus and circulation fans. 
In this case, good maintenance and control is essential 
since a shut down affects the whole plant; care must be 
taken, therefore, to ensure that the system consists of 
readily replaceable units, so that a defective unit can be 
removed quickly without interrupting operations unduly. 
All dry textile operations produce litit and Jlu (i.e. fiber 
particles) and the quantity of fly depends upon the yarn 
being processed; the maintenance schedule for cleaning the 
filters and plant must be adjusted accordingly. 

Good illumination of the weave room is another important 
factor in maintaining high weaving efficiency. With modern 
and expensive machinery it is inevitable that the weaving 
mill will be operated on a shift system. This makes it unneces- 
sary to depend on natural lighting, even where the mill can 
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use the natural light during the day. With the use of modern 
building materials, such as prestressed concrete, it is possible 
to have very long unsupported spans in the building. This 
reduces the number of pillars or vertical obstructions and’ 
makes uniform lighting easier to attain. With such large floor 
areas, windows become unimportant. 

It is the responsibility of good management to make sure 
that the quality of the light and the lighting intensity are such 
that the weaver can perform his duties without undue strain. 
Such strain is related to human fatigue and affects the efficiency 
of the weaver, which in turn affects the efficiency of the mill. 
Lighting which is considered adequate for certain fabric 
structures and colors will not necessarily be so for others. 
The color of walls and ceilings affects the lighting condi- 
tions. It has been suggested by many experts that cream and 
gray are the best colors to be applied. 

Vibration and noise are important factors in the environ- 
ment of the weaving mill; they affect the efficiency and 
safety of the personnel. Vibrations can affect the running 
of the loom and reduce its efficiency. Noise is a more com- 
licated problem because it has an effect on the health of the 
operators in the weaving room. It can also affect their desire 
and ability to continue work and may reduce their efficiency. 
Lack of motivation to work in such environment may well 
cause recruitment problems in the future. Acoustic treatment 
of the walls and ceiling has limited value because noise 
reaches the operators directly from the machines. In many 
areas the law requires that weavers be provided with ear- 
protection devices, such as ear-plugs or ear-muffs. Although 
modern weaving machinery has lower noise levels than 
hitherto, it is all too often above the allowable limits and thus 
there is a considerable problem to be solved. 

The lay-out of the looms is important, particularly in 
respect of the width of the alleys through which the weavers 
walk. The alleys should be wide enough to permit efficient 
changing of beams and doffing of cloth rolls; also, it should be 
possible for people to pass each other without difficulty. 
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Where trucks or portable machinery, such as the warp tying 
machine, are used, the width of these must be taken into 
account. 

Conclusion 
An attempt has been made to provide an understanding 
of historical, technical, and fundamental concepts relating to 
weaving, and appreciation of the purpose of the whole 
operation. The overall object is to produce fabric of suitable 
quality at a cost which is acceptable. The industry is highly 
competitive and it is far from easy to satisfy this apparently 
simple objective. To do so, it is imperative that management 
of both man and machine should be carefully studied in 
order that they may give of their best. 
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APPENDIX I 

Glossary and Index 

NOTE: mere ate other definitions for t e r n  marked with (II( mtcrlrik. 

Abrusion misturn - The degree to whkn 8 
fabric or am u rbk to withstand rurfra w8r 
due to r u b g  or chafing with another nufr~e. 
Accelerutfon - The ~ t e  of change of vclodty, 
(N.B. Force = mass x acceleration). 

Air-Conditioning - The trtatment of air to 
maintain s t  levels of temperature, humidity 
and dust or lint content. 
Ahjet loom - A loom in which the k 
fnrrted with 8 blast of air mstead of u h g  8 
rhuttle. 
A$ pcmeubiHv - The porosity of 8 fib62 u 
mewred by the e m  with which air prcrcs 
through i t  
Abcrity - A term which exprdnes the d a m  
d rapidity with which a shuttle responds to 
the force applied to the pick’ stick; it is 
Elated to natural frequency Tthe picki i  
mchmim. 
Amplitude - A term which & f i r  the 
nuximum excursion of an oscillating body 
from its mean position or of a cum from 
the m e h  line. 
Annucrlmed cost - Those costs which 
lemrin unaffected by the rate of production, 
expressed on a per 8nnum basis (e.g. rent, 
dcpreciation, interest, overheads, etc.) 
Appcuruna rurhg - A visual rating of 8 
f8bric when wwed under standud conditions. 
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Definition 

*Aqxct ratio - A term which expresrcs the 
&gra of flattening of a yam when assembled 
in a fabric. 
Automutic loom - A loom in which empty 
quills arc rephoed by full ones automatidy 
whilst the loom is running. 
Automutic winder - A winding machine in 
which an empty ackagc is automatically 
lephad  by a fulfone when required; it also 
htc an automatic device to detect and repair 
broken yam ends 
Auromtion - The use of automatic devices to 
reduce the amount of manual labor required. 
Auxiliory shuft - An additional shaft in a loom 
which carrier cams for operating the shedding 
motion and which is capable of rotating at sub 
multiples of the normal cam shaft speed. 
'Buck rest - A support rod with a curved 
surface that extends from side to side of a loom 
(usually at the rear) to support the warp on its 
way from the warp beam to fabric forming zone. 
Oftm the back rest is caused to move to lessen 
the tension variations in the warp. 
*Balanced - (1) The term describes a fabric in 
which the number of ends/inch is qlul to the 
number of picka/inch and both of the yarns arc 
of the mme count (or number). See square 
construction. 

(2) A term relating to rotating 
bodies which specifies that the rotating body 
should generate no force due solely to its 
rota tion. 
Bokrnced rw.11- A twill weave in which the 
floats in both warp and ffing directions span 
equal numbers of crosswise yarns. 
*Balloon - A term to describe the solid of 
revolution produced by a yarn when it is 
wound on or off a package in a direction 
essentially parallel to the axis of the package. 
*Ball wrping - A process of winding a group 
of yarns, which are treated like a single end, 
onto a cross wound package. Normally used to 
prepare yarns for storage, merccrization or 
dyeing. 

Band nwping - See pattern warping. 
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Defurition 

Ba&- A rtri like effect extending across 
the width of g c l o t h  mused by variations 
dong the length of the yam or by 8 machine 
fault. It is n g r d e d  as 8 blemish. 
Busis wight - Madunit  area of fabric, e.g. 
d v l  yd. 

Basket weave - A weave where poups of 
adjacent warps are each woven as one and 
picks are inserted in groups of two or more in 
each shed. The formation resembles a plaited 
basket. 
‘Battery - A device for storing quills on an 
automatic loom in a way which makes them 
immediately available as the need arises. 
Battety hand - A person who keeps the loam 
batteries filled with quills. 

oBaulk - (Jack back) - A lever which is 
operated by the hooks in a dobby to transmit 
motion to the jacks. 
*Beam - A cylindrical body with end flanges 
on which a multitude of warp yarns a n  wound 
in such a way to permit the removal of there 
yarns as a warp sheet. 

Beam creel - A frame on which are mounted a 
krge number of yarn packages from which yam 
ia taken in the manufacture of a beam. 
Beam-dyeing - A method of dyeing warp 
yarns on a perforated beam. 
Beam mffle - A pulley-like appendage on a 
waver’s beam used to apply a drag force to 
control the warp let-off. 
Beam nurping - The manufacture of a warp 
beam. 

*Beat effect - The interference between two 
oscillations whose frequencies are close; the 
effect appears as another oscillation whose 
frequency is the difference in the primary ones. 
‘Beating (action) - See beat-up 

*Beat-up - The process of forcing a fffling yarn 
into position in a fabric. 
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Defi t ion 

Vec& - A large vessel used for the preparation 
of size liquor or for dyeing yarns and fabrics. 

Biaxial Imd - A system of two loads (usually 
mutually perpendicular) acting in a plane 
coincident wth  that of the fabric. 

*Binder - A device which forms art of a 
shuttle box and which is intendelto decelerate 
the incoming shuttle and to restrain the 
outgoing shuttle. 

*Blend - (1) To mix dissimilar fibers prior to 
ubrtpucn;2~oc$sing. 

any fibrous assembly such as sliver, yarn or 
fabric. 
Blended fabric - A fabric which has blended 
yarns in either the warp or the filling or both. 
Blendedyurn - A yam that contains more than 
one type of fiber. 
Boordy - An adjective to describe fabrics that 
are hard, stiff or tough in handling; they are 
board-Like. 
Bobbin - A small spool-like body on which 
yarn k wound - used in various forms in 
spinning, weaving and sewing. 
Bobbin loader - A type of loom in which the 
bobbin in the shuttle is changed when needed 
(rather than the shuttle). 
*Body - The area of woven fabric between the 
selvages. 
Bottom shaft - The shaft in a loom which 
curies the picking cams and which is normally 
situated below the crankshaft. 

Borrom shed - A term given to the warp yarns 
when they arc in the lower sheet during 
shedding on a loom. 

Box chain - A pattern chain which controls the 
shuttle box selection in a multi-shuttle loom. 

Box motion - The mechanism by which the 
ttern requirements are translated in shuttle c x movement. 

e mixture of dissimilar fibers in 
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Deflaition 

'Breaker bur - A heavy lease rod used for the 
initial separation of a warp sheet. 

Bucklfng length - The unsupported length 
below which a given strut under a given load 
will not buckle. 

Buckling load - The load above which a given 
atrut of a given unsupported length will buckle. 

*Buffer - An energy absorbing device designed 
to reduce shocks: commonly used in picking 
mechanisms. 

*Bumping - A condition in which the beat-up 
is so severe that the cloth tension reduces to 
zero during part of the beating action; the 
condition produces high war tenaion perks 
which increases the end bra!& rite. 

*Bunch - A s m d  quantity of yarn wound 
onto a quill or bobbin to provide a reserve in 
weaving between detection of approaching 
exhaustion and replenishment. 
Bunter - A protuberance attached to a moving 
part which can come into contact with a feeler 
or other mechanism and initiate a sequence of 
operations. 
Bursting strengfh - The resistance of a material 
to rupture when subjected to a pressure ac t iq  
pcrpendicular to the lane of the fabric. The 
oad is carried by bot! warp and filling y i m r  

Corn - A device which when moved with 
respect to a follower, causes that follower to 
move in a prescribed manner. 
Com loom - A loom which uses a m s  to 
operate the shedding (limited to small repeat 
weaves). 
Comshaff - A ahaft which contain$ one or more 
ams. 
* a n  drying - Sec cylinder drying. 
Conwr - A plain fabric woven from ply yam 
which ia similar to duck cloth. 
Q clfw - An electrial atorage device which 
ir G u e n t l y  used to improve the power factor 
in factory (it also h a  many other electrial 
W S ) .  
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Definition Index 

Cppital intensive system - A factory system in 
which productivity is achieved by investing 
more money in appropriate machinery than in 
manual labor. 

Carrier - A device for carrying fw 
across a loom. 

Centerfillingfork - A device which detects 
when a fdling yarn has broken or when the 
quill is exhausted. 
Centroid - That point in a body at  which the 
masa may be considered to be concentrated. 
&in dmft - The outline (on design paper) 
indicating the order of lifting harnesses on 
successive picks. 
&in plan - See chain draft 
Change gear - The wheel in a gear train which 
is changed to give the desired overall gear ratio. 
*Chose - A term used in winding to  define the 
traverse length when making a long thin yarn 
package. 
chose length - See chase. 

'Check (checking) - The deceleration of a body - usually a shuttle or picking stick. 

*Cheese - A cylindrical yarn package whose 
diameter is usually larger than its length. 
*Oaring (clearing operation) - An operation 
to remove flaws and faults in a yarn. 
near shed - A warp shed unobscured by 
single or multiple yam ends. 
Uosed shed (closed warp shed) - (1) A form of 
warp sheet. 

are about to cross. 
Cloth roller - A roller onto which cloth is 
wound. 
0 0 t h  take-up - The winding of cloth onto a 
cloth roller during weaving. 
'Clutch - A device for connecting or discon- 
necting two concentric shafts whilst they are in 
motion. 
CMC - Carboxy Methyl Cellulose+ A water- 
soluble cellulose gum which is used as sizing 
material. 

(2) A condition when the warp sheets 
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Defiiition Index 

Coefficient o restitutioi - A coefficient which 
relates the re Ib tive velw.ty of approach of two 
bodies about to collide with the relative 
velocity of recession after the collision 
Coiltnt drum - A drum on which flexible 
materd (such as rapier) may be wound. 
,Comb - A comblike device to separate yarns 
in a warp. 
Comber board - A perforated board to 
separate the drawstrings in a jacquard loom. 
Complete shed - A form of warp shed. 
Cbmpound shed - See semi-open shed 
Condttioning - The procesa of changing the 
moisture regain of a textile material to a 
standard vatw. 
*Cone - A yam package shaped like a frustum 
of I cone. 
*Cone on& - The angle of the cone detimed 
above. 
b e  winding - See Coning 
Confiser - A device to partially confine an 
air jet. 
Contng - The operation of making a cone 
wound package. 

Coning oil - An oil added in small quantities to 
yams to lubricate them - especially valuable 
in high speed winding and knitting. 

Cbnnecttng rod - A rod which connects a 
crankshaft to an oscillating member of I 
mechanism. 

Contructing vee reed - A device which enables 
pins to be positioned in such a way as to cause 
yarns running between them to be spaced 

*Contmcrion - The reduction in fabric width 
or length during weaving or subsequent proce+ 
ses. 
Controlled binder - A binder which is 
controlled by a Linkage synchronized with the 
picking; usually used as an auxiliary binder. 
OCounr - (1) A measure of the end and pick 
dendties in a fabric (see end and pick d e d i s )  

unit mass. 

required. 

(2) A measure of yam size in length/ 

(3) A count in numerical sequence. 
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Defimition Index 

*Counter - (1) A device for counting. 
(2) A distance in a fabric 

design. 

*Cover - A term given to woven fabrics to 
indicate the even appearance of the fabric. 
See also cover factor. 
Coverfoctor - A measure of the percentage 
area covered by one or more threads. May be. 
related to filling, warp or woven fabric. 
*Ounk - A device in which an eccentric pin 
driver a connecting rod and causes a member to 
oscillate. 
hnkshaf t  - A shaft which contains one or 
more cranks. 
Oeuse resistonce - The property of a fabric to 
resist creasing; molecular cross-linkmg may be. 
used to improve crease resistance. 
*ctrcl-  The arrangement of a multiplicity of 
supply packages to supply sliver, roving or yarn 
to a textile machine. 
Ckeelhg - The operation of fdling or refilling 
a creel. 
Oeel pckage - A package used in a creel. 
*CUmp - (1) The sinuous form taken up by a 
fiber in a bulked yam. 

(2) The sinuous form taken up by a 
yam in a fabric. 
Mmp bulonce - A state when the crimp in 
both warp and fffling are equal. 
Oimp fuctw - A factor which expresses the 
kngth change caused by crimping. 

ch'mp interchunge - The transfer of crimp 
from warp t o  filling or vice versa. 
ch'mp removal - The removal of crimp. 
Oossed shed - A condition in which the warp 
shed has just passed the closed shed condition. 
*cZoss section - The shape or shapes which 
could be seen if the fibers, yarn or fabric were 
cut and viewed in or under a microscope. 

Page 

97 
169 

140 

141,147 

183,210,264,284 

183,284 

176 

86,112 

49,62,70,86,112 

62,66,112 

144,151,174 

145,148 

144, 155 

148,189 

152,174 
186,215 

145,157 

Literature 
Reference 

15 

15 

12 

16 

17 

11,37 

37 

3 50 



Definition Index 
Literature 
Reference 

t h s s  wound packuge - A package in which 
the yarn is wound in helical fashion in succet 
sive layers; the traverse is substantially identical 
with the package width and there are few coils 
of yarn wound per traverse. 
*Ctowns - Those oints on the surface of a 
woven fabric whicg protrude. 
*Cutter - A device for cutting yarns during the 
various textile processes. 
Tylinder - (1) A drying cylinder over which 
wet fabric or yam is passed. 

arding engine which aligns fibers before they 
are converted to sliver. 

Olinder drying - See cylinder 
* D q p r  - A stiff lever which is moved to cause 
contact with another component to operate a 
control device. 
*Damping - Energy absorption to reduce the 
amplitude of oscillation. 
Domping coefficient - A coefficient which 
expresses how a vibration wiU decay; because 
the damping force which opposes movement is 
usually proportional to velocity, the units arc 
r t e d  m terms of damping forcelunit velocity. 

e velocity is the local vibrational velocity of 
a given particle in the structure. 

Dompfng pad - A pad which is introduced into 
or under a mechanism to reduce the t ram 
mission of noise and vibration. 
Dectimping - The removal of crimp. 
Dent - A term to describe the space between 
adjacent reed wirer. 
Denting p h  - The Ian used to determine how 
the warp should be tkcaded through the m d .  
Der@ - The design of the pattern of inter- 
lacing in a woven fabric. 

De-sizing - The removal of size from fabric. 

(2) The main component of a 

(3) A part of a jacquard loom. 

*Direct drive - A form of drive in wbich the 
pneukr speed of the driven member is the same 
u the driver - often at COMtant angular speed. 
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Definition Index 

Direcf sizing - The operation in which a 
slashing machine is supplied with warp from a 
single beam which contains all the warp yarns 
needed for weaving. 
Direct fake-up - A form of cloth takeup in any 
fabric forming machine. 
Dobby - A device which controls the harnesses 
in a loom to give small geometric patterns in the 
fabric being produced. 
Dobby head - See dobby. 
h b b y  loom - A loom fitted with a dobby 
head. 
*hff ing  (doffl - The removal of the textile 
product from a textik machine. 
Double ends - Two warp yarns drawn through 
the same heddle eye and reed dent to weave as 
a single end. 
Double-lift dobby - A dobby in which two 
hooks are used to actuate each harness 
According to the combination of hook 

sitions used, it is possible to keep the En' e s  in the up position for a number of 
picks (which is not possible with a singlelift 
dobby). 

Down time - The time during which a machine 
is unproductive. 

*Drape - The quality of a fabric which 18,134,139,170,176 18 
permits it to mold sufficiently to hang in 
pleasing folds. 
Dmwer-in - One who draw+in. 
*Drawingin - The operation of threading warp 
yams through the correct heddles and reed dents. 

how the warp ends should be drawn-in. 
*Dmwsm'ngs - Strings used to control single 
warp ends or groups of them in the shedding 
process in a jacquard loom. 
Drop wire (droppers) - Thin flat perforated 
plates supported by individual warp ends which 
fall into a mechanism when the end breaks and 
cause the loom to stop. 

85,115 

240 

26,195,206 

195,206 

49,70,74 

36,71,90,101,189,322 14.38 

127 

36,85,120,127,170 

Buwing-in druff - The plan used to determine 128,170 20 

24,195,209 

29,37,127,246 
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Defiiition Index 
page 

'Drying section - A section of a dashing 
machine where the warp is dried. 
*Dusting off - The involuntary removal of 
particulate material (e.g., size) from yarn 
during processing. 
Duplicated meel- A system of traversing 
headstock and futed creels. 
*Dwell - A phase in the cycle of operation of 
an oscillating body where the body is stationary. 

Dyeing - A process of coloring fibers, yams or 
fabrics. 
Dynamic e ivalence - A simple system of 267 
maws use% calculations to simulate a more 
complex system under dynamic conditions. 

Dynamic mgnifier - A term which categorizes 
the pro nsity of a resonant system to magnify 
a periogC ic disturbance when the frequency of 
that disturbance approaches the natural frequency 

117 

109 

87 

178,186,269,314 

38,64,86,99 

280 

_. 
of the system. 
Effective lay moss - A single mass used in 
calculation to simulate the lay mechanism in a 
loom. 
Effective muss - A single mass used in calcu- 
lation to simulate a complex system of masses. 

*Elasticity - The property of material to 
deform (usually to elongate) in proportion to 
the load applied and to recover its original 
shape when the load is released. 
Electrical slip - The difference between the 
synchronous and actual speeds of an electrical 
motor. 
*End - A term used to denote a single length 
of yarn. 

End-breukuge - The breakage of a yarn during 
a manufacturing operation. 

Enddensity - The number of ends per unit 
loomwidth. Usually measured in ends/cm or 
ends/inch. 

316 

306,316 

223.276 

269 

20,33 etc 

32.61,73,88,96, 
103,114,131,218, 
322,336 

129,131,142,152,328 
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Definition Index 

Equilibrium position - The position at which a 
body would come to rest under the influence of 
a system of steady forces. 
*Evaporation rate - The capability of a drying 
system to remove water in the drying process. 
Usually measured in Kg/h per sq. meter or in 
Ib/h per sq. ft. 

Even-sided twill - See balanced twill. 
OExcited - The condition of a resonant system 
when periodic disturbing forces are applied to 
it. 
Exfoliute - The remaval of thin layers of 
material from a body. 
Expansion reed - See contracting vee reed. 

OFubric - An assembly of fibers and/or yams 
which is generally in a sheet-like form - also 
known as cloth. 
Fubric consrruction - The term describes the 
organization of components and in weaving it 
describes the weave. 
Fabric count - S e e  count. 
Fubric d a m  - See design. 

Fubric extension - The amount by which a 
fabric extends, usually under load and in the 
direction of that load. 
Fabricfinish - Chemical and other treatments 
used to modify the fabric to make it more 
capable of fulfiing its function. 
Fobric structure - See fabric construction. 

Fqncy rib wave  - A rib weave in which the 
float length is varied to change the width of the 
ribs to give a patterned effect 
*Feeler - A light lever-like device used to 
detect the presence OK abacna of a component 
or textile material in a textile machine. 

*Fell - The line Where the warp shed m d  the 
newly woven fabric meet; the filling is beaten 
into the felt 
Wber - The smallest unit used in a textile 
rtructrue; a thin flexible element which may be 
combined with others to make yam or fabric. 
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Definition 

Fiber jlnish - A chemical compound coating a 
fiber to improve lubrication and prevent 
elsctrifiabon. 

or lint rom yunr during proassing. 
*Filling (weft) - A yam which ia i n t e r l a d  
with wsrp threads to make a fabric. 
Filling face twill - A twiU fabric in which the 
fillinp y m a  float on the face of the fabrk more 
than the w u p  yuna. 
Rllfng ln+rrbn - The insertion of Nling into 
fabric dumg the wcaviq proau.  

Fllling inertion mte - The nte at which f W q  
i s  inserted; may be meuurcd in pickqmin or 
ydslmin. 
RIlfng prepamtion - The preparation of fU% 
yarn to make it suitable for weaviw 
Fillfng refructfcm - The retraction of one end of 
the newly inlerted fm to atraighten it prior 
to beat-up. 
Filling rib weave - A fabric in which the warp 
yarns are grouped together to form ribs 
running in the fffling direction. 
Filling satin (sateen} - A satin fabric in which 
the filling yams float on the face of the fabric 
more than the warp yarns. 

Filling transfer - The changing of any empty 
quill by a full one 

to another. 
Filling transfer mechanism - The mechanism 
for achieving a Nling transfer. 
Filling winding - The operation of winding yam 
on to quills. 
*Finishing - See fabric finishing. 
FLxed costs - Coats which do not vaty with 
production rate. 

Flexible mpier - A flexible long thin blade 
used to insert fffling into the warp shed from 
the side. 
Flexible mpier loom - A loom using flexible 
rapiers. 
*Float - A yarn in a fabric which passes over 
two or more crosswise yarns. 

ofl - The involuntary removal of fiber 

cw the transfer of fiiing from one rapier 

*Ry - see lint. 
3 5 5  
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Definition Index 

Flying shuttle - A shuttle which flies outside 
the loom. 
Flywheel - A heavy cylindrical body used to 
consewe angular momentum. 

Forcing frequency - The frequency of a force 
applied to a resonant system which may or may 
not coincide with the natural frequency. 
*Fork - A device used to detect the absence of 
a fdhg yarn during the weaving process; a kind 
of feeler. 
*Four bur chuin - A theoretical model of a 
system such as a normal lay motion; the four 
bars represent crank, connecting rod, lay 
sword and loom frame. 
Friction - A mechanism by which energy is 
lost when surfaces rub together. 

*Fringed - A term to describe an edge of 
fabric which has numerous yarns or fibers 
protruding in a common direction. 
Frog - A rugged stop built into the loom frame 
capable of checking the lay in the case of need. 
Gehtinizurion - The conversion of granular size 
to a viscous adhesive fluid. 

*Giver - A term to describe the rapier which 
first takes filling into a warp shed and carries it 
to the center where it transfers the fffling to a 
taker which carries it the rest of the way 
through the warp shed. 

Give-wpy - A weak link inserted in a mechansim 
for safety reasons. 
*Gmte - A board used to guide and limit the 
motion of the hooks in a jacquard loom. 
*Gmy fib& - Loom-state fabric which has not 
undergone chemical finishing. 
Greige fubric - See gray fabric. 
Griffe - An oscillating head which carries the 
knives in a jacquard loom. 
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Definition 

Gripper - A device which grips one end 
of a filling yarn and tows it through the 
warp shed - we Projectile 
Gripper loom - A loom which uscs one or 
more gripper8 - see Projectik loom 
Gripper shuttle - See projectile. 

*Guider - Generally devices which constrain 
moving yarn to a futed path. 
*Hammer - A device used to force a full 
quill into a shuttle which in turn forces out 
the empty one. 
Hammer lever - The lever to which the 
hammer is futed. 
*Hand (Handle) - The character of a fabric as 
determined by handling it. 
Hank sizing - The sizing of yarn in the form of 
hanks or skeins, normally used for experimental 
work or short warps. 
*Harmonic - A term used to describe an 
oscillatory motion which may be described 
mathematically as sinusoidd. 
*Harness - A frame containing a number of 
heddles which is moved up and down in a loom 
to help form the warp shed (also harness frame). 
Harness chain - See pattern chain. 
Head end - The beginning of a new piece of 
fabric in the loom. 
*Heading - The beginning and the end of a 
piece of woven fabric. 
.Headstock - A geared head used to drive a 
warp beam in the beaming, warping or 
slashing operations. 

Heald - A wire or thin pertorated plate 
through which a warp end is threaded; the 
hcddle is normally fixed in a harness (which 
is described above). 
Heddle - See heald. 
Helperlweaver system - A system of dividing 
the weaveroom tasks so as to employ thc 
weaver to best advantage. 
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Definition 

Hiding power - The ability of a fabric to 
obscure what lays underneath it. 
*Hook - A device which can latch onto another 
part of a mechanism when required for the 
purpose of transmitting some desired motion. 
Hopsack weave - See basket weave. 
Hotsir drying - A system of drying slashed 
warp (or other material) by subjecting it to a 
stream of hot air. 
Idk rime - Time during which a man or 
machine is idle. 
*Immersion roller - A roller under which yarn 
or fabric passes in such a way to cause the 
yam or fabric to be immersed in a fluid. 
Incomplete shed - A form of warp shed. 
Indirect sizing - An operation in which many 
beams are used to supply the slashing machine 
and the e m e r p g  warps ue combined into a 
single weaver s beam. 
Induction motor - A motor in which the rotor 
has no electrical connections; the torque is 
created by currents induced in the rotor by a 
polyphase system of coils. 
Inernid system - A system which relies on the 
tendency for any body to persist in its state of 
motion unless some opposmg force is applied. 

Infm-red drying - The drying of (textile) 
materiab by m a s  of infra-red heaters. 

Integmted mill - A textile mill which has a 
complete series of operations to produce 
fabric from the fibrous raw materiaL. 
.Intefert - The periodic payment made to 
reimburse the owner of money or property for 
its use. 
*Jack - A lever which transmits movement from 
dobby head to the huness framer 
Jack back - See b8Uk 
kcquad  - An intricate method of weaving 
which uses punched cards to control the 
movement of individual groups of warp ends. 
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lkfinidlon 

Jammed fabric (Jammed) - A  fabric in which 
the ends are jammed so closely together thdt no 
more could be fitted in; a jammed fabric io 
usually very stiff. 
Kinefic energy - The energy contained by I 
moving body by virtue of its motion. 

.Knives (Knife) - Links held in a griffe (which 
oscillates) to which the hooks arc connected to 
give the desired pattern motion in a jacquard 
loom. 
Knock-off device (motion) - A device which 
stops the machine when a fault or emergency 
anses. 

*Knof - A joint in a yarn made by tying ends 
together. 
Lobor cost - The cost of employing labor, often 
expressed in money units per pound of 
product. 
Lobor infensive sysfem - A factory system in 
which productivity is achieved by investing 
more money in hiring manual labor than in 
buying advanced labor saving machinery. 

156,217 

227 

208 

12 

27 

247 

32,70,89.101,128,133 38 

71,334 14 

324 14 

*Luy (slay, sley) - A stiff horizontal structural 
beam which carries the reed and oscillates in 
such a manner to cause the reed to  beat the 
filling into the fell of the cloth. 

12.29 
30,183,192,210,264,273 
284,303,314,317 

h y  dwell - The dwell of the lay at back canter 
to give the shuttle or gripper more time to 
pass. (See dwell). 
Luy smrd  - The supports which connect the 
lay to the rocking shaft about which the lay 
oscillates. 
Lease bands - Bands laid across a warp being 
wound onto a beam to make later handling 
easier. 

separate the warp ends or to tension them. 
*&using - The operation of applying lur 
rods 

314 

30,210,267 

94,120,127 

Lase  rods - Rods interlaced with I warp to 94.120 
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Definition Index 

Lefr hund twill - Any twill weave in which the 
twill lines on the face of the fabric run from the 
lower right-hand corner to the top left-hand 
corner of the fabric. 
Leno-seluuge - A selvage in which warp 
threads are crossed and interwoven into the 
edges of a fabric to strengthen the edges. 

Let-offmotion - The controlled release of yams 
or fabrics during an unwinding operation. 
Lift - Rectilinear movement generated hy a 
cam system. 
Lifting plun - The plan which determines the 
sequence of lifting the harness 
Lineor density - Mass per unit length of yarn. 
Lingoes - Weights used to tension drawstrings 
in a jacquard loom. 
.Lint - Debris from the textile fibers which 
accumulates in and around the machinery. 
*Loom - A mechanical device which inter- 
weaves yams into a fabric. Usually there are two 
sets of yarns which are interlaced and these 
sets are called warp and filling (weft). 
Loom ussignment - The number of looms 
assigned to a single weaver. 
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292 

27,66,101,236 

191,195,198 

170 

105,128 etc 

208 - 
98,104,271,340 

2,21, 32 etc 
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Loom efficiency - The percentage running time '326 
during normal working hours. 

Loom fixer - One who is responsible for the 
maintenance of the looms in good mechanical 
condition. 
toom production - The output of a loom in 
sq ydslunit time. 
Loom stute - The state of a woven fabric when 
it is just removed from the loom. 
Loom speed - Usually measured in pickslmin. 269,283,289,298, 300, 14,29 

326 14 

318 

Loom timing - The synchronization of the 30,182,184,316 29 
various loom functions so that they occur in 
the proper sequence and at the proper 
relative times. 
Loom width - See also width in reed. 180,298,300,304,314 14 

318,339 
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Definition 

h r e  reed - A protective device which 
enables the reed to move out of its normal 
position if it strikes an obstruction. 
Lug rrmp - A strap or other corn onent which 
ir used to scalerate a picking stic! on a loom. 
Lure? - A property describing the brilli.nce of wt reflection from the surface. 
Ahchine interference - +I organizational term 
which relater to the idle time of a machine 
uising from the need for it to wait for attention 
bsaur of the need! of other machines. 
(Also refen to wervlng and machme efficiency.) 

*Magazine - A device capable of holding many 
yarn packages. 

Index 
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141,170 
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71,254 

Maguzine creel - A special form of creel in which 86 
the tail end of one package is tied to the 
leading end of the next. 
Magazine meling - See creeling. 
Maguzining - The process of replenishing a 
magazine. 

*Mails - Wires which carry warp ends and are 
similar to heddle wires which a n  not mounted 
in a frame. 
*Mass - The quantity of matter in a body. When 
a mass is subjected to acceleration, a force is 
involved; when that acceleration is due to 
gravity, the force is known as weight. 

Mass-ebsfic s sfem - A system in which a mass 
is restrained l y  one or more springs and which 
can be caused to oscillate in simple harmonic 
motion. 
Mass moment of inerfia (I) - A parameter 
which establishes a relationship between 
torque and the resu ing rotational acceleration. 

and a = distance from the axis of rotation. (2 
means “the summation of’). 

Maff weave - See basket weave. 
Midget feefer - A device which detects whether 
a quill needs replenishing or not. 

80 

208 

219,286 

264,267,215 

Physically, 1 = z ma 5 where m = elemental mass 
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Definition Index 

*Mill - ( I )  A factory unit such as a weaving 
mill. 

(2)  To abrade the surface of a fabric 
to give i t  a special appearance and hand. 
Mixing beck - See beck. 

Momenturn (C) - A term which describes the 
ability of a body to persist in its established 
state of motion until a force is applied. 
Quantitatively, C = MV, where M = mass and 
V = velocity. 
*Motif - A design. repeat, pattern or figure 
used to give a certain effect in a fabric. 
*Motion - (1 )  Movement. (2) A mechanism. 

Multiple package creel - Creeling systems in 
which two or more packages per end are warped. 

Multiplier chuins - Pattern chains used in 
combination with others to cause a pattern 
element to be repeated for a desired number 
of times. 

Narumlfrequency - The frequency at which a 
body wiU vibrate if it is given a small impulse. 
*Neck - The connecting point of the 
jacquard machine between the hook and the 
harness. 
*Needle - A long wire with an eye. 
Negufive beat-up - An impulsive beat-up 
system using a light reed and lay which are not 
positively driven. 
Negative feed buck - The feed back of a signal 
from the output of a system to the input in 
such a way that it opposes any change. 
Negurive lef-off - A mechanism for controlling 
the delivery and tension of the warp during 
weaving by means of a braking force applied to 
the warp beam. 
Negufive fuke-up - A take-up system not 
positively driven, often powered from the beat- 
up mechanism. 
*Nominal movement - The movement obtained 
from a cam assuming the use of an infinitely 
stiff linkage. 
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Definition Index 

*Nose - Cam tip or the zone of smallest yarn 
diameter in a conical yam package. 
*Offset - Non-concentric. 

*Open shed - (1) A warp shed that does not 
close every cycle and is only closed as indicated 
by the fabric design. 

shed is open and ready for filling insertion. 
Optimizatzon of cost - Establishment of 
production conditions to minimize the cost of 
conversion of yarn into fabric. 
Over-end withdrawl - The unwinding of yam 
from a package generally along the axis of the 
package. 
*Overhead - A cost component which 
includes items which cannot be assigned to 
specific production items. 

*Overlaps - Bands of yarn found at the ends of 
a yarn cone or cheese caused by faulty winding. 
They are associated with winding patterns 
(ribbons). 

Overpick loom - A loom on which the picking 
stick is above the level of the shuttle box. 

Overwaxing - The operation of waxing a yarn 
after sizing. 

*Package - A length of yarn wound on a 
carrier or bobbin. (See also yarn package). 

(2) A condition where the warp 

Arckage build - The manner in which the yarn 
coils are arranged on a package. 

firallel motion - A linkage (or equivalent) 
that causes one end of a lever to move in 
rectilinear fashion. 
Parallel wound package - A package on which 
the yarn coils are wound side-by-side roughly 
perpendicular to the package axis. 

Particll picks - The inartion of an 
insufficient length of filling. 
*Pattern - ( 1 )  The manner in which yarns are 
arranged in a fabric. 

( 2 )  See winding pattern. 
fittern chain - A chain used on looms to 
control the pattern of the fabric. 
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Defiiition Index 

Pattern wrping - A process for preparing warp 
beams over two stages; first winding the yarn in 
narrow tapes on  a large drum or reel, and then 
rewinding the complete warp on to the beam. 

Awl  und rotchef - A wedge-like member 
(pawl) which engages 3 toothed wheel 
(ratchet) when it  moves in one direction. 
When the pawl returns it disengages; thus 
when it oscillates, it causes the wheel to move 
intermittently and each oscillation moves the 
ratchet wheel a fued amount. 
*Peg - An appendage attached to a pattern 
chain which causes a change in the pattern 
mechanism. 
Peming plun - See chain plan. 
%?netrution (of size) - The extent to which a 
size solution penetrates into the yarn StNCtUrC 
*Pick - A single length of filling yarn, or the 
process of inserting the filling yarn (see 
Picking). 
Pick und Pick - Same as Pick at will. 
Pick ut will - A  loom on which it is possible to 
pick more than ohce from one side or single 
picks from different sides. 
Pick counter - Counter used on looms to 
record the number of picks inserted in a given 
time. 
Rck density - The number of picks per unit 
length of fabric (see pick spacing). 
*Picker - The part of the picking mechanism 
which comes into contact with the shuttle. 
*Picking - The action of filling insertion. 

Rcking bowl - The follower of the picking 
cam. 
Picking cum - The cam that operates the 
picking mechanism. 

Picking mechunism - A device for accelerating 
projecths or shuttles. 

A’cking stick - A lever (usually of wood) which 
is used to propel the shuttle. 

Pick spcing - The distance between two 
picks in a woven fabric. 
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Definition Index 

*Piece - (1) A standard length of fabric 
usually between 30 and 100 yards. 

( 2 )  See piecing. 
Piecing - Joining the ends of a broken yarn. 
- see end breaks 
Riling - The formation of balls of fiber on the 
surface of a fabric due to wear. 

*Pinned - (1) The placement of drop wires on 
a wup. 

containing pins used in various textile processes. 
(2) A description of a roller 

Rrn - See quill. 
Pirn winding - The winding of yarn on pims 
or quilb - we quill winder. 
*Pirch - (1) The distance between two yams 
or other components. (see pick and and spacing) 

(2) The up and down movement of a 
shuttle during transit across the loom. 

&in wove - A weave in which half the ends 
pu over one pick and the other half pass 
under, then the action is reversed on the next 
pick. The adjacent ends and picks interlace 
differently. 

*Plusricise - The softening of a synthetic 
material or polymer usually by the addition of 
a lubricant. 
Poinred drufr - The arrangement of warp yarns 
in the harness framea in sequence and then 
reversing the order of the next series of warp 
yarns in the sequence. 

Fbritive beor-up - A beat-up mechanism in 
which the Nling is moved by a positively 
controlled reed. (See also beat-up). 
Fbritlve iet-off- A mechanism for controlling 
the delivery of the warp during weaving by 
keeping the delivery rate constant. 

hsirive roke-up - A takeup system that is 
directly driven. 
h w r f u c r o r  - The quotient KW + KVA 
(KW = kilowatts, KV = kilovolts, A = amps). 
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Definition Index 

Recision winding - The winding of a yam 
package in such a way that consecutive coils 
are closely spaced irrespective of package 
diameter. 

M u c t i v i t y  - The rate of production. (See 
also loom production.) 

Projectile - A device used in place of a shuttle. 
Instead of carrying a supply of yarn on a bobbin 
or quill, the projectile grips single ends of filling 
yam and carries them through the warp shed at 
the appropriate times. 

Projectile loom - A loom that uses 
projectiles instead of shuttles 

botector feeler - A light mechanism which 
detects whether the loom is in a safe or 
desirable state to continue operation. 
hnched curd - A card perforated in such a 
manner to control operations; in weaving to 
control the pattern in a fabric. 

PVA - Polyvinylalcohol, used as a 
size. 

Quulity control - The testing and inspection 
of products to ascertain that they meet 
established quality standards. 
*Quill - A filling package which is inserted into 
a shuttle. 

.Quiller - See quill winder. 
*Quill winder - A machine for winding quills 
(pirns). 
*Quill winding - See pirn winding. 
Ruce bwrd - A board over which the shuttle 
travels and which is attached to the lay. 
Rudius of gyration (k) - The radius at which 
the mass of an object may be considered to be 
concentrated in c culating the moment of 
inertia (1) 11 = M k a i ,  M = mass]. 
*Rupier - A device for inserting filling from 
the side of the loom during weaving. 
Rapier loom - A shuttleless loom which 
utilizes one or more rapiers to insert the 
Nling. 
Reucher-in - The operator who selects the 
warp yarns and hands them to the drawer-in 
on a hook. 
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Defiiition Index 

Reclining twill - A twill weave which produces 
a twill line running at an angle less than 450. 
Reed - A comb-like device used to separate 
yarns on a loom and to beat-up the filling 
during weaving. 
Reed number - The number of dents per unit 
length of the reed. 
Reed plon - A plan indicating the arrangement 
of warp yarns into the reed dents. 

167 

29,37,128,181, 
210,214 

171 

128,170 

Li terr ture 
Reference 

20 

10 

20 

Rehtive humidity - 98,329,340 3 
Mass of moisture actually present in a given volume of air 

Mass of moisture which could be held in the given volume of air x 100% 

Repair time - Time to repair a 
yarn break. 

*Reput - A pattern which is repeated in the 
fabric weave. 

Resonance - A state in which the forcing and 
natural frquencies coincide causing the 
subject body to vibrate strongly at a level 
dictated by the amount of damping. 
Reserve bunch - S e e  bunch. 
Retraction device - See Filling 
Retraction. 
Ribboning - See winding pattern. 
Rigid ru ier 

Ring tube - The yarn package produced on a 
ring spinning machine. 

*Riser - (1) A filled-in square on design paper 
which indicates lifting of an end. 

( 2 )  A link in a pattern or box chain 
which activates the lifting of a harness frame 
or the shuttle boxes. 

Rockingshuft - The shaft about which the lay 
assembly oscillates. 
*Roll - (1) A rotatable cylinder. 

shuttle during transit across the loom. 
*Sand roll - Take-up roller. 

&teen - A fffling-faced weave in which the 
interlacing points are arranged to produce a 
smooth cloth surface. 

A stiff rod-like rapier used to 
insert f fhg.-  

(2) The oscillating rotation of a 
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Definition 

Sutin - A warpfaced weave which is the 
reverse side of a sateen. 

Section warping - See (1) pattern 
warping. or 

warping. 
(2) beam 

Selvuge - The longitudinal edges of a fabric 
that are formed during weaving. 
Sehwge mofion - A shedding motion for 
operating the movement of the selvage warp 
only. 
Semi-open shed - A form of shed in which 
the warp yarns that are to remain in the top 
shed line for the next pick are lowered a short 
distance and raised again, while those in the 
bottom shed remain stationary. 

Semi-positive let-off - A driven mechanism 
which controls the delivery of warp (or fabric 
or series of yarns or single yarn) in such a way 
that an adjustment, by slippage, can be made to 
the delivery rate to maintain tension or path 
length. 

*Shuff - ( 1 ) Harness frame. 

which usually transmits power. 
(2)  A rotatable long cylindrical rod 

Index 

p w  
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Literature 
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161,189,210,291, 
305 

195 

2 39 

Shew struin - Deformation of a material in which 19,138 
a rectangular element becomes lozenge shaped. 
Sheuth - A device in a semi-positive let-off 
mechanism which intermittently disengages the 
pawl and locks the ratchet to adjust the 
delivery of warp or other material being 
controlled. 
*Shed - The opening formed by the separation 
of the warp yarns during weaving. 

*Shedding - The operation of forming the 
shed in weaving. (see warp shed) 

Shedding cum - The cam that operates the 
movement of the harness frames on a loom to 
form the shed. 
Shedding diugrum - A diagram representing the 
relationship between the movement of warp 
yarns during shedding and crank-angle position. 
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20 
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Definition 

Shed forms - A term to describe the symmetry 
or otherwise of the two warp sheets as the warp 
shed is completely formed in successive picks. 
Shed opening - The distance between the warp 
shed lines. 
Shock - The rate of change of acceleration - 
shock causes noise and vibration. 

.Shurrle - A quill carrier that is projected 
through the warp shed to insert the f a n g  
yarn during weaving. 

Shufrle box - The compartment at each end of 
the lay for retaining the shuttle during 
bea ting-up. 

Shurrk box length - The length of the shuttle 
box which CM be used for acceleration or 
deceleration. 
Shurrle interference - The interference 
between the shuttle and the warp due to faulty 
timing. 
Shurrleless loom - A loom in which an alterna- 
tive to the shuttle is used. 
Shurrle fmnrif rime - The time taken for the 
shuttle to traverse the loom in one direction. 

Shurrlclefs weuving - Weaving with a shuttleless 
loom. 
Wj71ling fork - A device located at the sides 
of the loom which detects the presence of the 
fllline yam during weaving. 

We withdmwl -The unwinding of yarn from 
a package with the yam roughly perpendicular 
to the package axis. 
Simple harmonic motion - Reciprocating 
motion which can be defined with respect to 
time by a sine wave. 
Single end me1 - A package creel which has a 
&gIe package for every yarn. 
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Definition 

SingZe end slushing - (1) a system of slashing 
one end at a time (not the usual meaning); 

(2) a system in which a 
series of yams from a creel are slashed without 
any intermediate winding. 

single lift dobby - A dobby mechanism in 
which a single knife is used to effect the lifting 
of the harness frames. (See also double lift 
dobby ). 
*Sinker - (1) A blank square on design paper. 

(2) A link in a pattern or box chain 
which activates the lowering of a harness frame 
or the shuttle boxes. 

*Size - (1) A solution normally applied 
to warp yarns to strengthen, smoothen and 
lubricate them. 

(2) The operation of applying a 
rizc (* slashing) 

Size o d d m  - See size takeup. 

Size-box - A container in which the size is 
applied to the yam. 
Size lQum - See size 

Size penetrotion - The degree to which size 
penetrates to the core of a yarn. 
Size recipe - A list of size ingredients perhaps 
with cooking instructions. 

Size shedding - The removal of size particles 
from the yarn during processing. 

Size d d e d  on e - yarn during sizing. 
*Sizing - See slashing. 

The amount of size material 

Skip droft - The passage of the warp ends of a 
repeat through harnesses by skipping some of 
them to obtain a certain effect. 

*Sloshing - The application of size solution to 
yams by immersion into the solution and 
squeezing which is followed by drying to make 
the warp yarn more suitable for weaving. 
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Definition 

Slay - See lay. 
Slay sword - See lay sword. 

*Sley - The number of warp ends per inch in 
a woven fabric. 
Slit film - Yarn produced by slitting extruded 
film. 
Sloirgh-off - The slippage of a number of.yarn 
coils during unwinding which usually causes a 
tangle. 
Slub - A soft, thick and uneven place in yarn. 

Slub catcher - A device used on winding 
machines to remove slubs from the yam. 

*Smash - (1) The action of accidentally 
breaking a large number of warp ends due to 
the entrapment of the shuttle. 

large number of ends have been broken. 
Smash hand - A helper weaver. 
*Snarl - A part of the yarn where it folds and 
twists around itself. 
*Softener - A chemical which if added to the 
yarn or fabric improves the feel. 
Sonic velocity - The velocity of sound. 
Speed of filling insertion - The rate of f f i n g  
insertion usually in yds/min. 
*Spindle - (1) A slender rod held in a vertical 
position on a spinning frame. 

(2) A unit on a winding machine. 
(3) A post for mounting packages 
(4) A part of a jacquard loom. 

Sluff-off - See slough-off. 

(2) A place in the fabric where a 

Spindle efficiency - The percentage of the total 
time that a spindle is in useful operation. 
Spinning mlll - A factory producing y m .  

Square conrhucrion - A fabric in which the 
m e  y m  number and the rune yam d m a t y  
are used in both directions. 

Spool - A dOUblC-flmgCd bobbin. 
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Definition Index 

Square design paper - Paper used for represen- 
ting the interlacing of warp and fffling in a 
woven fabric. 

uurc weuve - A weave in which the number sp o risers is equal to the number of sinkers in the 
repeat. 
Squeeze roller - Rollers used to squeeze excess 
fiuids from yarns or fabrics. 
Stuple yum - Yarn spun from staple or short 
fibers. 
Static eliminator - A device for ionising the air 
so that electrical charges on the textile product 
can be neutralized. 
steep twill - A twill weave in which the angle 
of the twill line is more than 450. 
Stick checking - The stopping of the picking 
stick after picking. 
*Stif/ness - Resistance to deflection or other 
distortion. 
Stitched busker weave - A basket weave in 
which the length of floats is reduced to 
produce a fm fabric. 
Stop motion - A device which stops the 
machine whenever a fault or a break occurs. 
Stop rodfinger - A feeler which detects the 
boxing of the shuttle and allows the loom to 
continue if all is correct. 
Strui&t dmft - The passage of the warp ends 
of a repeat in sequence from the first to the 
last harness. 
*Struin - Deformation of a material which is 
usually expressed in dimensionless form. 
Stress - Load per unit area - stress causes 
strain. 
Stnicmre borne vibrution - Vibrational energy 
transmitted through the structure of a machine 
or building (as distinct from air-borne or 
fluid-borne vibration). 
* S w d  - See lay sword. 
Synchronous s eed 
frequency of t i e  electrid supply. 

A speed dictated by the 
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Definition lndex 

*Taker - See giver. 
*Take-u roller - A roller which controls the 
speed of the fabric leaving the weaving zone. 
Tape selvage - See selvage. 

*Tappet - Another term of shedding cam. 
(see Cam.) 

Tear strength - The resistance of a fabric to 
tearing. 

Telescopic rapier - See Rapier 

*Temple - A device used on looms to control 
the fabric width on the loom. 
Tensile struin - The extension of a material 
abject  to tension expressed as a proportion of 
the length of the specimen. 
Tensile strength - The resistance of a yarn or 
fabric to tensile loading. 

Tension .- The force acting along a yam or 
fabric sample tending to elongate i t .  

Tension device - ( I  ) A device used to apply 
tension to yarns. 

tension. 

Tensioner - See tension device. 
'Ilrread diagram - A line diagram showng the 
path of yarn on a machine. 

Time constant - A time which typifies the rise 
(or decline) of a parameter which varies 
exponentially with time. Frequently the time 
for the parameter to rise to half its ultimate 
value is used. 

Tin fillcr - A rough surface applied to the take- 
up roller to enable it to grip the fabric. 
'Toggle - A bi-stable device which can rest in 
either of two possible positions but not in any 
other. 

*Top shaft - Another term for the crankshaft 
on looms. 
Torque (T) - Couple or twisting moment 
which causes torsion [T =CFr;  F = force, 
I = radius and 2 means "the summation of "1. 

( 2 )  A device used lo control 
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Definition Index 

*Torsion - The twisting of one end of a body 
with respect to the other. 
Torsion bar - A bar which is subject to torsion 
to store energy. 
*Toral cosr - The sum of labor, capital and 
other costs. 
Trunsfer lurch - A part of the filling transfer 
mechanism of looms. 
*Trunsport efficiency - The percentage of the 
time a carrier is usefully employed in 
carrying yarn (e.g., a shuttle) 
Truucling puckage creel - A creel on which the 
gackager are moved so that the empty ones can 

Trcruerse - (1) The distance moved by the 
yarn along the package during winding. 
(2) An adjective to describe a type of 
mechanism used in winding. 

Truck creel - A creel which is mounted on 
wheels to permit movement to the operating 
position or away for neeling. 
Tucked-in seluuge - A selvage in which the 
filling ends are doubled back and locked into 
the fabric. 
*Turbulence - A disorderly flow of a fluid. 
Twill weuve - A weave which produces 
diagonal lines in the cloth and repeats over 
t h r a  or more ends and picks. 
Twist - The helical configuration of 
fibers or ftlaments in a yam. See Yarn 
Twist 
Tying-in - The action of joining the ends on a 
new warp beam to the corresponding ends in an 
old warp prior to weaving. 
Uncleur shed - A warp shed in which the 
sheets of warp do not form single planes. 
Undercum loom - A loom which has the 
shedding cams under the harness frames. 
Underpick loom - A loom in which the 
picking stick is vertical and under the level of 
the shuttle box. 
Uniaxiul bod - A load in one direction. 
UnifJ - A device attached to the loom 
which winds the f a n g  quills on the loom. 

Varioble speed drive 

e replaced with full ones. 
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Dcfmition 

Vibration - Oscillation of a body or part 
thereof. 
*V&cwsiry - A measure of the fluidity of a 
liquid. 
'Wurp - The longitudinal yarns in a woven 
fabric. 
Wurp beum - The beam which contains the 
warp yarns. 
Wurp bteuks - Breaks in the wprp which caw 
the loom to be rtoppcd. (ree end breaks) 
Wurp end - A warp yarn. 

Wurper's beum - A warp beam produced by 
mrpw. 
Warp-fuce twill - A twill fabric in which the 
warp appears most on the face of the fabric. 
'Wurping - The winding of warp yarns from 
packages onto a warp beam. 
Wurp ler-off - See let-off motion. 
Wurp prepururwn - The preparing of a warp 
for weavb. 

Wurp rib - A weave in which floats are 
extended in the warp direction to produce ribs 
in the filling direction. 

is inserted in a loom. 
Wurp shed line - The plane of the warp sheet 
seen in side elevation. 
Wurp sheer - A multitude of warp yarns 
parallel to each other. 
Wurp sizing - See slashing. 

Wurp srop morion - A device which stops the 
loom whenever a warp yarn breaks or becomes 
slack. 
*Wurp storuge sysrem - A system of storing a 
limited amount of warp yam during the bvming 
operation 10 that a broken end may be ntnevcd 
before the end is wound on to the b m .  

Wurp winding ((war ing) - Winding of warp 
yarns into large pacLges or cones. 

WUV Shed - The OF- through Which filling 
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Definition 

Wafer-ief loom - A shuttleless loom in which 
the filling is inserted by a jet of water. 
Wave shed looms - Looms in which it is 
possible to lay in several fillings siniultaneously. 

.Weave - ( I )  The action of interlacing yarns. 
(2) The interlacing pattern - see 

design. 
Weave room - A room containing active looms. 
Weaver’s beam - A beam used on a loom 
usually containing slashed yarns. 

Weaving cycle - The sequence of events 
between inserting one pick and the next. 

Weaving efficiency - The efficiency with which 
a batch of looms is kept running. 
Weaving out - (1) Weaving until a warp is 
exhausted; (2) the gradual equalization of warp 
tension as weaving proceeds. 

Weft - Another term for filling. 

Weft cutter - The filling yarn cutter on the 
loom which operates after a filling transfer to 
cut the old yarn tail. 
Weft insertion - The operation of inserting the 
filling yarn between the two warp sheets. (See 
filling insertion). 
*Well - A slot in the race board which acts as 
a compartment for the center fork. 

Wer finishing - The application of aqueous 
treatments to impart a certain finish to 
fabric. (See fabric finish). 
Whip roll - See back rest. 
Winding - The laying of yarn on a yarn 
package. 
Winding head - Winding unit. 

Winding Muchines - Machines for winding yams 
on to appropriate packages 

Winding pattern - The (undesitabk) patterns 
generated by over-lapping helices formed during 
winding. The patterning is a function of the 
package diameter. 
Winding speed - The yarn speed in winding. 
Winding tension - The tension developed in 
yam during winding. 
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Definition 

Width in reed - The width of the warp sheet 
at the reed. 
Worm and wheel - A gear with one or more 
helical teeth (worm) which engages with a 
toothed wheel t o  give a large gear ratio. 
.Yarn - An assembly of fibers or Naments into 
a long, thin strand. 
Yarn balloon - The solid of revolution created 
by the rotation of a yarn. 
Yam conditioning - sce Conditioning 

Yarn count - A number indicating the length 
per unit mass of a yarn. 
Yarn end - See end. 
Yarn faults - Defects in the yarn, usually in 
the form of local thick or thin spots. 
Yarn guide - Any type of guide used to direct 
the path of yarn on a textile machine. 

Yam linear densiry - A number indicating the 
mass per unit length of a fiber or yam. See Yam 
Count. 

Yarn number - Yarn count or yarn linepi 
density. (See yarn count). 
Yarn preparation - The intermediate series of 
processes performed on the yarn between 
spinning and weaving or knitting. 
Yarn speed - The linear velocity of a running 
yarn. 
Yam twist - The number of turns of twist 
per unit length of yarn. 
Yaw - (1) Sideways oscillation of a shuttle 

during transit across the loom. 
(2) A thin place in a fabric which is 
detrimental to the cloth. 
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APPENDIX TI1 

DETERMINATION OF YARN LENGTH IN A CRIMPED STATE 

Assume that the yarn is formed into a sinusoidal shape:- 
2nx h =2 A sin 

where the symbols are defined in Fig. 8.7.Consider a small 
element of yarn 6II in length and associated with this is a 
difference in height 6 h and a difference in width 6 x .  

By Pythagoras 6P2 = 6hZ + 6x2 

6h  2 6 P =  [l+(K) l%X 

In the limit 

2nx dh and I$ = -, then -= kcos I$ x x dx Let k = 

II =f [ 1 + (kcos 34 dx 

2 %  
[ 1 + (k cos I$ ) ] 
k4 and higher powers are negligibly small 

may be expanded binomially and since 

[ 1 + (k cos 4 ) 2 ] ' / z  1 + + k 2  cos2 I$ - - - etc. 
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.*. Q ~ f = ~  x=o [ l  +?hk2cos24J dx 

but kdx = Ad$ 
and equation ( 1 )  can be rewritten with different variables 
and limits 

= 2n + ?h k?' 0 cos2 

b u t k  cos 24d4 = 0 

2n A 
A Substituting k = - in equation (2) and simplifying 

L== h [ l  +(+I21 
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APPENDIX TV 
UNITS AND CONVERSION FACTORS 

S.I. Imperial Conversion 
or factor 

other (see note 
unit below) 

A B C 

Length mm inch 0.0394 
cm inch 0.394 
m yd 1.094 
micron (pm) mil (0.001’? 0.0394 

Linear density tex 
tex 
tex 

Pick density pick/cm 
end density end/cm 

denier 9 
cotton count (N,) * 
worsted count (N,) * 
pick/inch (ppi) 2.54 
end/inch (epi) 2.54 

Cover factor ( p i c k / c m ) X  (ppi) 
0.1045 

OR ( e n d / c m ) e  fi ‘‘6 
Basis weight g/m2 oz/yd2 0.0295 

Twist turn/m turdinch (tpi) 0.0254 
turn/cm tpi 2.54 

Twist factor 
(multiplier) (turn/cm)& - (tpi) 

K 
0.1045 

Breaking load or millinewton (mN) Ibf 
T a r  Strength or 

newton (N) Ibf 

0.000225 

0.225 

Force kilonewton (kN) kgf 0.102 

Tenacity gf/tex 0.102 
or mN/tex or 
Specific stress gf/den 0.0113 

Bursting pressure kN/m2 Ibf/in2 0.145 

Note: To convert from SI to Imperial or other units cited, multiply the value 
given in the units quoted in column A by the factor C to get the units 
quoted in column B. 

590.5 885.8 = These are inverse relationships: tex = Ne and tex Nw 


