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ABSTRACT 

So far the theoretical approach to weaving resistance and fabric 

geometry and the factors affecting it have been made for such weaves 

as plain, hop-sack and warp and weft faced ribs. In this work 

theoretical models were adopted to determine the fabric geometry and 

weaving resistance. Experimental and theoretical findings are in 

agreement. The trends of the effects on values of weaving resistance 

of such factors as warp elastic constant, weft tension, warp tension, 

the coefficient of friction of yarn against. yarn agree with the trends 

obtained by other workers by showing that weaving resistance increases 

with these factors. The results-also show that-the fabric geometry 

depends on warp and weft tension at-the moment of beat-up. Additionally, 

the change of fabric geometry across the fabric, the effect of two 

different let-off mechanisms,, Hattersley and WIRA/Poole, and the beaming 
CO 

processes on weaving resistance and fabric geometry were investigated. 

It was found that the fabric width-depends on the dynamics of fabric 

formation before and at the moment of beat-up. 
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Glossary of frequently used symbols 

W (oz/thread) - Weaving resistance 
. 

Zf (inch) - Cloth contraction 

T and T - Tension of the warp yarn in front and at the back 
Y YI 

(o z/thread) of the pick respectively at the instant of beat-up 

i. e. when the reed is at the front centre (Fig. 3.2(a), 

T, (oz/thread) - Fabric tension at the instant of beat-up, reed at 

front centre 

-T (oz/thread) - Warp tension at closed shed Y a 

T (oz/thread) - Weft unwinding tension 
y e 

TY 
B 

(oz/thread) - Basic warp tension, the tension of the warp yarn in 

the front part of the shed when the shed is open at 

angle a without beat-up 

a (degrees) - Symmetrical half of the shed angle, reed at front 

centre (Fig. 3.2(a)) 

0 (degrees) - Angle between axis of the crossing warp thread and 

the fabric plane at. the moment of beat-up. Assume 

as equal weave angle in the cloth within the length 

c /L (oz/inch) =E - Elastic constant of warp yarn 
Y Y Y 

.c (oz/inch) = 1ý/L - Elastic constant of fabric per one warp end f f 

E and E (oz) - Elastic modulus of warp yarn and fabric respectively 
Y f 

L and L (inch) - Free length of warp and fabric in the loom (Fig. 4.1) 
Y f 

11 - Coefficient of friction, yarn against yarn 

p (inch) - Thread spacing 

L (inch) - Modular length 

d (inch) - Diameter of a thread having a circular cross-section 

c - Fractional crimp 



F. T. - Peirce's flexible thread model 

E. T. - Peirce's elastic thread model 

In the loom state 

D. R. - Dry-relaxed (fabric after dry relaxation) 

W. R. - Wet-relaxed (fabric after wet relaxation) 

T. R. - Tumble relaxed (fabric after tumble relaxation) 

WL (inch) - Width of left hand section of the complete width 

(F. 4.20) 

W. (inch) - Width of middle section of the complete width 

(F. 4.20) 

WR (inch) - Width of right hand section of the complete 

width (F. 4.20) 

(inch) W - Total cloth width (F. 4.20) 
r 

(inch) WR S - Width of cloth between warp marker c and the right 
. . 

hand section (F. 4.20) 

L. H. S., M. S. and R. H. S. - Left hand, middle and right hand sections of cloth 

samples across the fabric width (F. 4.20) 

(sq. inch) P - Area of a fabric module (p. x p. ) 
S 

c. v. % - Coefficient of variation M 

- Standard deviation of the mean 

m - Gradient of the regression line 

c - Intercept of the regression line 

r - Correlation coefficient between the variables 



HLA fabrics - The fabric samples woven with a specially uniformly tensioned 

warp beam (A) using the Hattersley standard loom fitted with 

the original Hattersley let-off motion. 

HLB fabrics - The fabric samples woven with a warp beam made up of 

sections with different levels of yarn tension (B), using 

the Hattersely standard loom fitted with the original 

Hattersley let-off motion. 

RLB fabrics - The samples woven with the same warp beam (B) used for 

HLB fabrics but the Hattersley standard loom fitted with 

the W. I. R. A. /Poole roller let-off motion. 
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Subscripts a and e are used throughout to denote warp and weft 

threads, respectively. Symbols without subscript can be used either for 

warp or for weft. The following abbreviations used throughout the thesis 

have the meanings given: 

(S. 1.3.1) = See subs*ection 1.3.1 

(F. 5.3 ) 

(= 5.8) 

(T. 5.3) 

= See figure 5.3 

See equation 5.8 

See table 5.3 

In all the above the first number refers to the number of the 

chapter in which the item occurs. 

References are given in the usual way with an index number: e. g. 

Pogson 2= Reference number 1 of the full reference list at the end of 

i&e th6sis. 
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CHAPTER 1 

INTRODUCTION 

"1. 

The textile industry has large variations in the sizes of 

establisLents and the type of materials being used, in some cases, 

too, its method of working is still considered as an art rather than a 

science. With reference to the nature of this investigation, the 

dimensions of the cloth pieces produced are generally predicted on the 

basis of past experience or when a completely new structure is being 

produced they are established by trial. Unexpected variations in pro- 

cessing often do occur, however, causing changes from predicted dimensions. 

The factors influencing the dimensional changes of textiles form a whole 

chain of connection, from the used raw material through the manufacturing 

processes up to the practical use of the product (S. 1,3.1). 

One of the prime requirements of the clothing industry appears 

to be increased uniformity in fabric dimensions in relation to their 

specified valuesl. If there is too great a lack of uniformity, then 

optimum fabric utilisation is not achieved. It should be of great 

economic interest, therefore, to the textile and making up industries to 

have greater uniformity in piece width and length through ýhe former 

improving the techniques of (i) accurately predicting the ultimate 

relaxed fabric dimensions and (ii) controlling the sources of variations 

in cloth dimensions. This is specially true, for example, if a greater 

use of a modern cutting system is to be made by the clothiers because the 

highest efficiency of these methods is . only obtained with pieces of 

uniform dimensions There are other important implications too, in 

such matters as dimensionally matching design in garments, where along 
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and between piece variations can cause productivity and quality problems. 

Thus, uniformity in'fabric dimensions is a very important factor for 

the clothing industry as-it should be also for cloth manufacturers. 

These dimensions of the cloth units depend on the dynamics of fabric 

formation which in turn depends on warp tension, weft tension, yarn and 

fabric physical properties and yarn preparation processes, etc. These 

factors all finally lead to weaving resistance which has to be over- 

come during the beat-up. The effect of some of the above factors on 

fabric dimensions and weaving resistance will be discussed in this work, 

but initially the problems which occur in the clothing industry, due to 

the variation in fabric dimensions, need to be discussed. 

1.1 Practical problems encountered by clothiers when textile manufacturers 

fail to meet dimensional specifications 

All of the problems mentioned below affect the usage of cloth by 

the clothier or the efficiency with which the pieces are converted into 

garment sections, so all must affect the cost of the finished garment. 
I 

1.1.1 Piece length 

It is normal for most clothiers to order cloth by the number of 

pieces and not by yards; few actually specify a piece length range when 

ordering cloth but it is often understood that the length should be 

between 65 and 75 yards. However, pieces shorter than this are delivered 

which can cause losses in productivity. This is because., in certain 
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processes, nearly as much work is required to use these pieces as 

for the same number of longer pieces. Excessively long pieces may 

cause handling difficulties because their bulk and/or weight may be 

outside the scope of the existing handling system used by many clothiers. 

When pieces are processed by the clothier, there must be some 

remnants left because each piece cannot be cut up exactly into a number 

of garments. Fogson defined 'remnants' as a short length of unused 

cloth left at the end of a piece when the maximum number of garments 

have been obtained from that piece. 

The piecelength also determines the number of remnants that are 

made for a fixed yardage of cloth, because with shorter pieces the number 

of piece ends must be higher, causing a greater number of remnants to be 

made, so incurring greater losses throug7h cloth wastage. Thus it is 

important for the clothier to reduce thd nu-nber of remnants produced 

during cutting to a minimum. 

1.1.2 Piece width 

There are four widths as indicated in Fig. 1.1, (i) specified 

minimum, (ii) minimum, (iii) average and Uv) maximum. In the worsted 

menswear trade, the four specified minimum widths in general use are 

5611,5811,5941 (150 cms) and 60". It was found that all four were not 

achieved by varying amounts between pieces, for any piece measured, and 

the accuracy of (ii), (iii) and Uv) depends upon the method used for 

measuring width. a 

The effect of width variation is mainly felt when the cloth is 

being processed into garment sections. This is because for a particular 

given size and style, the total area of all the gannent sections needed 
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in a lay plan remains constant. Thus, a wider piece viidth than 

specified means that the length of cloth required for the particular 

lay plan can be reduced. Conversely, for a piece which is narrower 

than specified, a great& length of cloth must be used for the same 

lay plan. So, in order to make the best use of the cloth available, 

the clothier should take the actual cloth width into account. This 

assumes, however, that the width is uniform along the piece. If there 

is variation in width along the piece length then the wrong width may 

have been used to estimate the length of cloth needed and this may 

cause the cutter to receive insufficient cloth area, which is sometimes 

the case with cut lengths for made-to-measure garments. Therefore, the 

minimum width of the piece must be used to determine the length of cloth 

for a lay plan from that piece. This means that usable cloth at widths 

above that minimum must be cut to waste. 

1 
1.2 Measuring piece dimensions 

1.2.1 Piece length 

There are two ways in which piece lengths are measured and 

these are by mechanical and manual means. These are discussed below. 

Mechanical methods . 

There are numerous different mechanical devices available for 

measuring piece length, most of which rely on frictional contact between 

the cloth and a roller under which the cloth passes. This roller is then 

geared directly to a recorder which shows the piece length in yards. 

Figure 1.2 1 
shows the frictional contact method used by the Menschner 

piece length measuring device. 
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The measurements obtained from these devices can be influenced 
P 

by M any tension. introduced into the cloth during its passage through 

the machine to which the measuring device is attached, (ii) the 

variation of atmospherid conditions, (iii) slipping of cloth as it 

passes over the feed roller of the machine, and Uv). over reading due 

to the inertia of the measuring roller keeping it revolving after the 

end of the piece has passed over it. 

For practical purposes in the clothing industry, the small 

variations in measurements which may be introduced by the factors 

mentioned above can be neglected because these length measuring devices 

are generally used only as a check on the invoiced piece length, which 

may also be a measurement made under tension. Any disputes over the 

accuracy of these devices were usually solved by checking the device 

against the hand method of measuring described below. 

1.2.1.2 Hand method 

This method involves pulling the piece over a table approx- 

imately five yards in length with an exact five yards measure inset into 

the table top. As the piece is pulled along the table, each five yards 

length is marked off using "tailor's chalk" or-similar marking material. 

In order to obtain the best results, the cloth must be allowed to 

attain its natural flat length on the table, without any creases, as free 

as possible from tensions, before each length is measured. 

This method is very time-consuming and prone. to. operator's error, 

especially in counting the length measured and in removing tensions. 

Hence, this method is only used as a check on the accuracy of the much 

more convenient mechanical measuring devices. 

a.. 
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1.2.2 Piece width 
F 

The textile and clothing industries appear, generally, to use 

still the hand methods of measurement (S'ee below) to determine piece 

I., 
width, despite the availability of more sophisticated devices 

1.2.2.1 Hand method 

The width of 
. 

cloth can easily be measured with a rule by 

laying it flat on a table in the correctly rigged or open width state, 

ensuring that there is no tension applied to the cloth. 

This method is slow and does not guarantee that the minimum width 

of the piece is found, but, it is easy and reliable to use. 

1.2.2.2 Mechanical/Electrical methods 

There are devices produced by textile machinery makers which 

can be used for accurate control of cloth width during finishing which 

measure the cloth width delivered by the tenter or equivalent machine 

and alter the width of the guides accordingly. 

Another type of measuring device, usually fitted on an inspection 

perch, produces a continuous chart (Fig. 1.3) 1 
showing width variation 

along the piece length as the piece passes over the perch. This measuring 

device consists of two sensitive feelers, each one in contact with a 

selvedge. The former are moved in and out according to the cloth width 

by an electrical motor and screw gear operated by electrical contacts on 

the feeler which respond to the pressure applied Py thb cloth on the 

feeler tip. The movements of these feelers are combined in a mechanical 

linkage so that any change in cloth width (i. e. the distance between the 

feelers) is shown by the movement of a pointer, and recorded by a moving 

pen on a chart which is driven from the cloth transport rollers. 
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This device shows clearly the minimum width of the piece and the 

point along the piece length at which this occurs. As well as showing 

the minimum width, the chart also enables the average and maximum. piece 

width to be determined. 

1.3 Methodsof producing garment sections 

This section sets out the methods and systems used by the menswear 

section of the clothing industry to convert worsted cloth into garments. 

This sector of the clothing industry has many aspects common to all the 

industry. 

Figure 1.4 shows the movement of pieces through the different 

departments until the cloth becomes garment sections or waste. The 

operations carried out to produce garmcnt sections from cloth are done 

in a department known as the "cutting room". The cloth'arrives-inthis 

room as either cut lengths for Bespoke garments, from the cut length 

department or as whole pieces for ready-made garments, from the warehouse. 

1.3.1 Bespoke garments 

The cloth for a bespoke garment arrives in the cutting room as 

a cut length where width variations have already been taken into account 

in making the actual cut length. 

Marking-in 

The outlines of týe required garment sections are made on the 

cloth with the aid of cardboard shapes (i. e. "patterns") of sections. 

These patterns are usually made to fixed dimensions, and any necessary 

changes to the outline of the pattern, because of variations in the 

individual customer's measurements, are chalked on to the cloth, with 
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the help of a tape measure. An adjuýtable pattern which c`an be 

altered in size to account for variations in customers' measurements 

can also be used for speeding up the processes. Once the patterns, have 

been arranged on the cloth, the actual marking-in takes place. This 

involves marking round the edges of the patterns with special "tailor's 

chalk". 

1.3.1.2 Cutting-up 

Once the outlines of the sections have been made on the cloth, 

the sections are then cut from the cloth-by hand using ordinary shears or. 

pneumatic or electrically powered hand cutters. Once cut out, the 

sections are tied together and passed on for sewing, the remaining cloth 

(. "clippings") is then sent to the waste department where it is sorted, 

baled and sold for some form of waste recovery. 

1.3.2' Ready-made garments 

Ready-made garments are produced differently from the bespoke 

garment. The whole piece is taken into the cutting room where a single 

lay (Fig. 1.5) 1 is produced from each piece and a number of garments of 

the same size, or mixed sizes, cut from this lay. 

1.3.2.1 Marking-in 

The minimum width of the piece is used in laying out the 

patterns to avoid faults in garment sections. The garbent section 

patterns are arranged on the end of the piece in the smallest area 

possible to give maximum cloth utilization. 

The arranging of patterns is a skilled operation and takes a 

considerable time. 
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A labour saving improved method is a technique vihich involves 

the marking-in of the arrangement of the garment section patterns on 

a translucent sheet of paper, usin g the same width as the cloth. 

Any number of photocopies can then be made from this translucent 

paper "plan" and it is pinned over the top of the complete lay. 

A similar method for rapidly producing an outline of the garment 

sections is the "perforated lay" technique. In this, the arrangement 

of patterns is drawn out on card using the same width as the cloth. 

The card is perforated along the edges of the sectionsloutlines, and 

then placed on top of the finished. lay. Chalk dust is forced through 

the perforations on to the top layer of cloth using a chalk impregnated 

pad. This leaves a dotted chalk outline of the garment sections on the 

top layer of cloth, the card can then be removed and re-used when 

required. 

Some methods, however, have been devised to improve productivity 

in the marking-in which involve the use of a pre-planned "marker" for, 

the pattern arrangement using a miniature planning system. In the 

planning department, scaled down replicas of the full scale cardboard 

patterns, as used on the cutting tables, are made from plastic sheet. 

These are made by a scaling down and cutting device with which the 

outline of the full scale pattern is traced, reduced in size and the 

replica cut out simultaneously. The scale replicas of the required 

garment sections, often for a number of garments, are arranged on a 

planning board, adjustable to accommodate any scale cAth width, and 

are moved around the board until the best arrangement is achieved, this 

is then photographed. A miniature 
; 'plan" is made for each width of cloth 

dealt with in the programme and may consist of one, two or more photo- 

graphs showing the proposed arrangement of the full scaleepatterns on 

ý the cloth and the length of the cloth required for the lay. 
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The full scale patterns are arranged on the top ýayer of cloth 

in the manner shown by-the photographs. When more than one photograph 

is used, the patterns from each photograph are laid just as if the 

photographs were adjacen. t to (and on) each other, thus dividing the lay 

up into parts which may be treated separately later on. 

The actual marking-in is then done by spraying a water emulsion 

paint over the top cloth and patterns, a method known as "system Lanner". 

The patterns mask the aleas required for the garment sections from the 

paint. Therefore, when the patterns are removed, all areas of cloth to 

be used for garment sections are left uncoloured. This rapid method of 

marking-in is also used for bespoke garments by some clothiers. 

1.3.2.2 Laying-up 

Once the patterns have been marked in on the end of the piece, 

the length of cloth upon which the outlines are marked is then cut from 

the piece apd put on one side. Successive lengths of the same length 

as that containing the outlines of the garment sections, are then cut 

from each piece. Each one is laid flat exactly on top of the preceding 

length until the piece is used up. Any remaining cloth is a "remnant". 

The original length, containing the outlines of the garment sections, 

is then spread over the top to complete the "lay" (Fig. 1.5). The lay 

produced by this method generally consists of 20 to 25 layers i. e. 'plies' 

equivalent to 20 to 25 garments. This method uses "rigged" cloth, that is 

cloth folded in half along with the piece length. This is because most of 

the sections of a garment have a 'mirror image' section in another part 

of the garment, for example the left and right fronts of a jacket. One 

pattern only is therefore required for two sections of the garment if the 

cloth is folded in half. 
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An improved method of laying-up the cloth is by 
I 
means of a 

Ispreader'; a carriage upon which the piece is mounted. As the 

spreader is pushed along the cutting table, the cloth is fed from 

the piece at the rate of-traverse. When the length of cloth required 

has been laid on the table, the cloth is cut off by means of a rotary 

blade. The spreader is then traversed in the opposite direction leaving 

the two lengths ('pairs') of cloth face to face on the table (open width 

cloth). In order to ensure that each length is laid directly on top of 

the preceding one, an electric eye is used to detect one selvedge. Any 

moveffient of this selvedge away from the "eye" causes a signal to bc sent 

to an electric motor which moves the piece holder on the spreader in the 

required direction to bring the selvedge back in line. 

This process is repeated until there is not enough cloth left on 

the piece for two traverses of the lay, (or one section of the lay if two 

or more photographs are used when marking-in). This may leave a large 

'remnant', a disadvantage of long lays. The next piece is loaded on to 

the spreader and the process continued until all the pieces have been 

used up. 

1.3.2.3 Cutting-up 

The lay is usually divided up into quarters (for ease of 

handling) using an "Eastman" cutter which is powered by a portable 

reciprocating blade cutter. These quarters of the lay are then moved 

to a table containing a static band knife arrangement which is used to 
0 

cut out the garment sections. The lay can be cut-up completely with an 

Eastman or similar type of portable cutter. 

A new method of cutting-out garment sections is by the use of dies, 

made to the shapes of the garment sections, to cut out the sections from 

the cloth in a similar manner to that used for cutting out sheet metal 

parts for automobiles etc. 
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The dies for all the gament sections are arranged under, and 

attached to, the head of a large hydraulic press, in the smallest 

area possible, just as the garment section patterns would be. The 

cloth is laid-up in the same manner as the open-width method, the lay 

length being a multiple of that which contains the full complement of 

dies. One end of the completed lay is then fed into the press. The 

press-head is lowered, pressure applied, the dies are forced through 

the cloth, so cutting out the garment sections. The press-head is then 

lifted, withdrawing the dies from the cloth and the cut-out sections 

removed. The next part of the lay is then fed into the press and the 

cutting process repeated until the lay has been used up. This method 

is useful in the production of garments which are mass produced on a 

large scale with a few sizes, for example ladies Istretcht slacks. 

1.3.3 The marking of check or weft design cloths 

The method of marking garment sections given above 

is suitable for plain or warp striped cloths in the multiple tailoring 

industry. With check or weft design cloths, the patterns of the garment 

sections must be placed in such a position that when the sections are 

cut out and sewn together, the cloth design on adjacent sections should 

match rather like matching patterned wall paper. This is done quite 

easily with bespoke garments but, with all methods of cutting ready-made 

garments, the check must be matched vertically up the plies of the lay, 

so that the matching points on the marked-in length are in the same 

position in all the other lengths in the lay. However, variations in 

the lengths of checks in the fabric often cause the 'matching points, to 

be out of line at some place along the length of the lay. This means 

that, after the lay has been completed, it must be cut-up to large 
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sections and the checks for the plies in each section, 're-aligned, by 
1 11 

hand, in order to get correct matching. This. is very time consuming 

and therefore a costly operation, and spaces between patterns have to 

be left to allow for thi's matching when marking-in, thus, more cloth 

has to be used for a given garment. 

1.4 The effects of failing to obtain the specified piece width; 

problems associated with piece length 

When producing garment sections bv the ready-made method (S. 1.3.2), 

the patterns are arranged on the first length of cloth in the piece. If 

the piece becomes narrower during the building of the lay, there is a 

possibility that some of the sections cut from the narrower part of the 

piece would include some of the selvedge or even be mis-shaped. In crder 

to avoid this, the cutter must either (a) be told the exact minimum width 

of the piece, (b) find it himself, or (c) leave a "margin" between the 

inside of the selvedge and the area. which he uses for marking-in. With 

(a) it means that every piece used mýst be inspected and the minimum 

width determined in the warehouse, (b) is only practically possible 

with a cuttled piece, where most parts of the pieces are accessible 

without having to completely unroll the piece.. This leaves (c) as the 

1 
most practical alternative and. the one generally used by clothiers 

A margin of 2 or ' an inch is usually left, but this means that anything 

up to half an inch of the overall cloth width is wasted if the piece 

does not vary in width. a 

Furthermore, if more than one piece*is to be 'laid-up', at once, 

then the minimum width of the narrowest piece must be used as a basis 

for marking-in, causing the excess width of the other pieces to be wasted. 



This can, however, be overcome, where there are enough pieces available, 

by grouping together pieces of the same minimum width, or by cutting 

the pieces separately, thus increasing extra processing cost which must 

be compared with the value of cloth which may be saved. 

The general methods of cutting employed in the industry do not 

alter with cloth width. The main exceptions to this are the two methods of 

marking-in which are based on fixed widths, the photostat "paper marker" 

and perforated lay techniques (S. 1.3.2.1) which is based on a given 

width. These methods have to be replaced by the hand chalking method 

of marking-in if the actual cloth width is less than that of the pra- 

prepared 'marker', incurring extra costs. Also if the cloth width is 

greater than the marker width these methods become wasteful of cloth. 

Hence, over a certain point, the saving of cloth which could be made 

by employing chalk marking-in can be greater than the extra labour cost 

involved. 

Disadvantages caused by varying width are also presented in the 

die-cutting method becauso the arrangement of dies must be made to a 

fixed width. Any cloth used must therefore have a minimum width greater 

than, or equal to, that of the dies for successful use of this method. 

The main effect of increasing average piece length is that of 

reducing the number of pieces required to make up a given yardage. This 

can lead to a reduction in the amount of handling required in the ware- 

house and a decrease in the number of remnants produced, because there 

will be fewer piece ends in that yardage. A reduction 
4 

in cutting room 

costs is also possible through a reduction of the number of pieces to 

be handled. 
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1.2 Woven Fabric Construction 

1.2.1 Weave 

The basic principle of fabric design has changed little over. 

the centuries. Virtualiy there is no limit to the variety of effects 

that can be produced in the fabric from the different permutations and 

combinations of ways of interlacing warp threads, running along the 

length of cloth, and weft, across the warp at right angles from one 

selvedge to the other. Besides plain and twill weaves (F. 1.6-a and 

F. 1.6-b) commonly used in the textile industry, there are obviously 

many other woven structures simple and complex, and a recent introduction 

to a study of these has been very suitably written 
2. 

I 

1.2.2 Some important parameters of woven fabric 

There are several parameters required to define and describe a 

wolven structure coýpletely and they have been mainly divided into two 

3 

groups 

i) "Fundamental Parameters" that are sufficient to characterise - 

the structure of a fabric. These are weave, yarn count, number of ends 

and picks per unit length of fabric and "Modular length". They can be 

varied independently during manufacturing processes. 

ii) "Auxiliary Parameters" that are dependent upon two or more 

of the fundamental parameters, e. g. yarn twist, crimp, weight per unit 

area and fabric thickness. 

If the fabric is released from its inherent moderate stresses, 

e. g. it has been partially relaxed in water after weaving, some of the 

above mentioned parameters, such as yarn modular length and weave will 

remain almost constant and these can be called "fixed parameters" whereas 
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others are highly sensitive to deformation and could be called 
0 

"flexible parameters", e. g. thread spacings. All auxiliary parameters 

can be included in the latter group. 

1.2.2.1 Yarn specifications 

The yarn specifications which will be discussed below are 

count, diameter and twist; they are very important in both structure 

and design of a fabric. They govern, to a large extent, the appearance 

and behaviour of the various types of yarn and fabrics. 

1.2.2.1.1 Yarn count 

The count of a yarn is a numerical expression to indicate 

its linear density and can be stated principally in two ways. The 

direct systeirr of numbering (Ný) is based on variable weight per fixed 

un. it of length, whilst the indirect or inverse (N, ) system uses a variable 

I length per fixed unit of weight. 

The complexities of the several different methods of numbering 

within the two systems could be overcome, it is suggested, by the 

proposed use of a Universal direct system of numbering called "Tex" which 

can be applied to any sector of the textile industry. In 1956, the 

International Organisation for Standardisation (I. S. O. ) approved the 

universal use of Tex systems based on the ratio of weight (in grammes) 

to length (in kilometres) of yarn. Extensions of this system are used 

-A to express the fineness of filaments and fibres in "Millitex". i. e. the 

weight in milligrams per kilometre, on the one hand, and intermediate 

products and coarse yarns in "Kilotex", i. e. the weight in kilograms 

per kilometre or grams per metre, on the other hand. In fact this 

system indicates the linear density of the material. 

or Idecitex', decigrams per Kilometre 



A summary of some important yarn numbering systems together with 
I 

conversion factors to change any one count to another count system has 

been given 
4. 

1.2.2.1.2 Yarn diameter 

The diameter of the yarn is one of the most important 

dimensions required'for the study of fabric geometry (S. 2.6.1). It was 

first assumed by Peirce that a yarn has a circular cross-section, but 

it is practically recognised that even if a yarn were circular to begin 

with, it would be distorted from the compressional forces due to inter- 

lacing with other threads in the fabric. Peirce noted too, that 

yarns are flattened in the fabric and various yarn cross-sectional shapes, 

that will be explained later (S. 2.6.1), have been suggested by differunt 

6 
investigators If VC is taken as the specific volume for cotton yarn 

with the cotton count of N, having a circular cross-sectional diameter 

of d (inches), then it has been shown 

I/d = 29.36ý-/v 

Peirce approached the problem by considering an apparent specific 

volume of 1.1 (obtained by experiment) for cotton yarns, and from this 

value a formula for cotton yarn diameter was derived: 

d (in inches) 
28 AT 

I 

Dickson8 showed, on the assumption that the-bulk'density of yarns 

made from different fibres is proportional to the fibre density, that 

the Peirce relation reduced to the following equation for all fibres: 

YrDT- x 0.0358 
c 

v/Df x- N- 
91 

(1.3) 
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where Df (g/cr? ) is the density of cotton fibre and equals 1.5, 
C 01 

and 
V is the density of any given fibre. 

9 

Hence. 

0.04318 

VIDT -XN 
g 

In order to estimate the diameter of yarn, using a direct 

numbering system such as tex, Grosberg 9 has given the following 

formulae: 

(1.. 4) 

d (in centimetres) 4.44 X 10-3 x vftex/fibre density (1.5) 

d (in inches) 1.75 X 10-3 x výtex/fibre density (1.6) 

1.2.2.1.3 Yarn twist 

It is possible to achieve a variety of fabric effects, such 

as a change in visual appearanco., by merely altering the direction ard/or 

turns per inch of the yarn. Also, the physical and mechanical properties 

of the fabric, e. g. strength, compressibility, extensibility and 

resistance to abrasion, can be changed in the same way, even within 

the same fabric structure. 

Twist is inserted in yarn to give its cohesion; when a single yarn 

is twisted, the fibres or filaments rotate round the axis of the yarn. 

The amount of twist is usually expressed in turns per unit length. 

The direction of twist is indicated by the use of the letter S or Z 

according to the direction of the spiral (F. 1.7). Similarly, when two 

or more yarns are twisted together, the direction of the folding twist 

can be designated by S or Z (F. 1.8). 

In an indirect yarn numbering system: 

Turns per inch =Kx AT (1.7) 
11 
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When a direct yarn numbering system, e. g. tex, is used the relation- 

ship will be changed to: 

Kd 
Turns per metre =- -- 

.. 
(1.8) 

AT 
t 

The constants KI and Kd, known as twist factors, are used to 

estimate the amount of twist needed for any count. 

1.2.2.2 Fabric specifications 

Me parameters mainly concerned in this section used for 

the fabric specifications are those: 

i) Use(ý in industry and trade to differentiate between cloths, 

and 

ii) Those used in fabric geometry. 

1.2.2.2.1 Thread setting and spacings 

The number of warp'and weft threads, often called ends and 

picks respectively, per unit length of fabric; ends or picks per inch, 

i. e. e. p. i. or p. p. i., or the spaces between the two threads; l/e. p. i. 

or 1/p. p. i., are used in specifying the woven fabric. 

1.2.2.2.2 Cover factor 

If the number of threads of diameter, d, per inch are n, 

then the average distance, p, between two consecutive threads will 

be, 1/n inch. The ratio d/p, will be the fraction of. spacing S, covered 

by the projection of a thread and may be expressed as, 

d/p =1xnn 
28 IT 28 vrN-- iI 
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If this is multiplied by a factor 28, then a value known as the 
4. 

cover factor, KI, is obtained. The numerical value of the cover 

5 
factor was first suggested and used by Peirce to provide a conventional 

method of defining the 6loseness of firmness of the fabric. 

It is usual to calculate separately the cover factors of warp 

and weft threads, KI and KI respectively, in order to indicate the 
a8 

closeness of eqch set of threads. 

A single value KI can be obtained in a similar way to indicate 
C 

the cloth cover factor, where, 

KI )( %' 
KI KI + KI -a caa 28 

The single value, KI, does not, however, give sufficient 
C 

information regarding the balance of warp and weft thread. 

It should be noted that the cover factor n/vcotton count given 

by Peirce and used extensively by the Cotton Textile Industry is 

parochial because all other count systems have to be converted to 

Cotton. If a more general expressio. n is used, this is avoided. A 

fractional or percentage cover factor would be simply, d/p or 100 d/P 

respectively and any count system could be used to estimate d. 

(1.9) 

Munden 26 has presented a useful paper on. the use of "cover factor" 

for woven and knitted fabrics. 

1.2.2.2.3 Square and non-sSluare fabrics 

Fabrics*in which all the warp and weft yarrz and fabric 

specifications are the same are commonly called "square fabrics" 
it 

and 

the remaining fabrics would be obviously "non-square fabrics". 



1.2.2.2.4 Some setting theories 
P 

Early workers 
10 21 12 involved in the study of cloth 

building were mainly concerned with the derivation of simple formulae 

which could be used to determine the theoretical maximum ni1mber of 

threads per inch to give what they called "Maximum cloth firmness" 

from the given weave and yarn count. From such formulae, a value of 

thread spacing, usually stated as spacing per inch, could be determined 

which would give maximum firmness, or, if this figure was modified, a 

firmness below or above maximum. The latter cannot be much above the 

theoretical maximum calculated because of the nature of the weaving 

process (S. 1.3) in which a loom can only beat-up into a fabric a 

certain number of p. p. i. 

It should be stressed that the type of loom and the conditions 

of weaving exert considerable influence on the maximum p. 'p. i. --, it is 

possible to weave. 

The first theory of thread setting was suggested by Ashenhurst 17 

who assumed the threads were separated at weave intersections by a space 

equal to one diameter of Yarn. Later he modified this view, because 

the geometrical analysis of the weave does not agree with the last 

assumption, and described is his "angie of curvature" theory where the 

threads occupy the space of 0.732 x diameter at each weave intersection; 

DxF (1.10)1 
Ft0.732 

where t= threads per inch 

D= diameter reciprocal' 

or D= Krydsllbs. 

The value of K is 0.95 for cotton, 0.92 for linen or silk, 0.9 for 

worsted and 0.84 for woollen yarns, 



and F= average length of float in the interlacing in terms of 

the average thread crossed over by the floating yarn, e. g. 

in a 2/2 twill weave float length is 2. 

Armitagell, after'some studies of loom sett suggested: 

WvxY (1.11) 1 

where W= weave value =F+K 
V 

KI =4 for twill weave 

= 4.25 for matt weave 

= 4.5 for satin weave 

and Y= yarn value = VK 
2 

N, 

K2 is constant depending on the quality of yarn, its manufacturing 

system and the type of finish applied on the cloth, and its value for 

worsted yarn is 6. 

10 Law approached the problem in the same way as Ashenhurst but 

made allowances for longer float weaves 

(D xWv)+C 

where CP= percentage allowance varyiiýg according to weave. 

Brierley's 12 
contribution to thisý problem for square sett cloth 

was given by the following formula: 

t=WVxy (1.13) 

where W=FM 
V 

m=0.39 for twill weaves 

= 0.42 for satin weaves 

= 0.45 for matt weaves 

and y= yarn value = YrK- -xN 

I 



where K 134 for worsted 
01 

60 for Yorkshire skein wool 

= 200 for cotton yarns. 

Snowden 23524 has 6ummarised and critically compared the empirical 

equations that are available for calculating the maximum number of 

threads per unit length. 

It should be appreciated that: 

There is variation in the prediction given by the different setting 

theories; 

(ii) The loom parameters, e. g. type of the loom, amount of warp tension, 

the shed timing and the position of the back rest, while affecting 

the setting limits is 
, are ignored in the equations; 

(iii) Some relevant yarn parameters also are not allowed for, such as its 

twist and compiessibility. 

Hence the designer may have to modify the given setting equation to 

obtain a cloth with a certain degree of firmness for a required purpose. 

1.2. M. 5 Modular length, crimp and weaving take-y2 

Modular length, as mentioned in section (1.2.2) has been 

adopted as a fundamental parameter in fabric structure. It is probably 

still only used specifically with problems involved in investigating 

fabric geometry. It cadeasily be shown (F. 1.9) that modular length 

(L) must be greater than the thread spacing (p). The difference 

between L and p as a proportion of p is known as fractional crimp (c) 

L-p 
C (1.1L) 

p 

which can be converted easily to a percentage. 

The difference between L and p expressed as a percengage of L is 

called "weaving take-up" and is often used by industrial weaving personnel. 
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1.2.2.2.6 Some parameters used mainly in fabric geometry 

1.2.2.2.6.1 Weave angle (0) 

The angle between the central plane of the cloth and the 

thread axis (F. 1.9) is called weave angle. Its direct measurement is 

fairly difficult, therefore Peirce 5 
suggested the following approximation: 

A=0.550 (radians) (1.15) 

or 0 (degrees) ", = 104vre- (1.16) 

For the normal range of weave angles a better approximation, it has been 

said, is obtained7 by writing: 

0 (degrees) = 106výc (1.17) 

1 
. 
2.2.2.6.2 Crimp amplitude (h) 

Figure (1.9) shows that crimp amplitude is the extent to 

which threads are deflected from the central plane of the cloth. 

Peirce 5 
also suggested th e following approximation for calculating h 

from c. 

h= 4/3 pVc 

1.3 The Weaving Process 

The fundamental principle and sequence of weaving, namely shedding, 

picking and beat-up has remained unchanged in spite of the introduction 

from time to time of newer types of weaving machines. It is at the last 

stage, beat-up, the cloth is finally formed. 

Prior to weaving, the warp threads are carefully arranged and evenly 

wound upon a beam - called -a warp beam. Each warp end is then drawn 

thrqugh the eye of a heald, mounted on heald frames (F. 1.10), and then 
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drawn through the reed (F-1.11). When the warp has becn drawn through 

healds and reed, it is mounted on the loom as shown in Fig. (1.12) and 

Fig. (1.13). The essential parts of the loom are shown in Fig. 1.12. 

The warp beam is mounted at the back of the loom and is connected to a 

let-off motion which either allows or actively initiates the rotation 

of the warp beam and hence the delivery of the warp at a rate consistent 

with the rate of fabric production. There are two common types of 

let-off system, namely, negative and semi-positive. The latter is 

often just called positive but more will be said about this later (S. 1.3.4). 

The process of dividing the warp yarns for weft insertion, according 

to the various weaves that are possible, is termed Shedding. The latter 

is carried out by lifting some heald frames while lowering the others, 

thus dividing the warp and creating an open space, known as the warp 

shed. Three common methods of shedding are generally classified as 

tappet, dobby and jacquard systems. The first is the least and the last 

the most versatile in their control of warp threads. 

The weft yarn can be placed in the shuttle in the form of a small 

bobbin or pirn (F. 1.13). The picking motion,. propels the shuttle through 

the shed from one shuttle box to the other and as the shuttle travels 

through the shed it inserts the weft into the warp. There are two 

common traditional methods of inserting the weft thread through the shed 

and these are the over- and under-picking motions (F. 1.14 and 1.15 

respectively). Modern looms operate at higher weft insertion rates 

than conventional looms because they now use gripper shuttles, air and 

water jets or rapiers, instead of conventional picking devices, for 

transporting the weft across the loom. The main advantage in these 

new methods of weft insertion is the replacement of the projected weft 
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pirnby a large stationary weft supply package at the side of the 

loom from which the picks are drawn. 

The reed is mounted on the sley which carries out an 

oscillating movement in the warp direction. It is towards the back 

of the loom while the shuttle inserts the weft, and then travels 

forward to press the new weft thread into the fabric which has already 

been woven. The latter process is called the beat-up of the weft. 

The beat-up completes the cloth formation process. The sley also 

carries the race board which supports the shuttle and the two shuttle 

boxes which accommodate the shuttle during beat-up. The borderline of 

the woven fabric is called the cloth fell. 

The take-up motion of the loom drives the take-up roller at a 

rate consistent with the desired rate of fabric production. The 

absolute circumferential speed of the take-up roller is of little 

practical significance. The important factor is the ratio between 

the speed and the rate of picking (weft insertion). The higher the 

rate of cloth take-up in relation to the picking rate, the lower will 

be the weft density in the fabric. 

After passing over the take-up roller the fabric is coiled up 

on the cloth roller. 

1.3.1 Loom timing 

Synchronization and proper timing of the various loom motions are 

essential for good weaving. In describing the relative timing of the 

various primary functions, namely, shedding, picking and beat-up, it 

is convenient to regard the most forward position of the reed as being 

the datum. In other words', this point will be represented as 00 crank 

angle and the timing of the actions of the other mechanisms can be 
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related to this. One complete revolution of the crank shaft is- one 

weaving cycle and this is represented as 3600 of movement. The 

datum is usually referred to as beat-up, even though this occupies 

a finite angular displacement. Fig. 1.16 shows a typical loom timing 

diagram based on this principle. The timing of the various loom motions 
I 

is variable within certain limits and these variations can have important 

effects on the fabric structure. The actual timing depends upon the 

design of both loom and fabric. For most types of conventional loom 29 

a dwell of about 120 0 for weft insertion offers a suitable compromise, 

but this may be increased to 1800 in wide looms in order to avoid 

excessively high shuttle speed. It has been shown 
25,26 that the relation- 

ship between the pick spacing at the fell and that decided by the rate 

of take-up is influenced by the shed timing. With staple fibre warp 

yarns 
21 

, 
it is normal to beat-up on a crossed shed or closed shed as 

shown in Fig. 1.17(a), whereas with filament warp it is more normal to 

beat-up on a open shed as shown in Fig. 1.17(b). 

1.3.2. Shedding 

The classification of the different shedding actions on the types 

of sheds produced by different types of shedding mechanism (S. 1.3) is 

in accordance with the position the ends assume between successive picks 

and the nature of the movement given to the ends. 

In rig. 1.18, some ways of forming a shed are shown. The type of 
I 

shed formations are (a) bottom-closed, (b) centre-closed, (c) open, and 

(d) semi-open shed. 

In a bottom closed shed, all the ends return to the bottom position 

to form a closed shed after every pick (F. 1.18(a)). 
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In a centre closed shed, all the ends return to the middle 

position to form a closed shed after every pick (F. 1.18(b)). This 

type of sbed is probably obsolete. 

In an open shed, the ends required to stay up or down simply stay 

up or down. Those that pre needed to move go to either the down or the 

up position. 

In a semi-open shed, as in bottom-closed shedding, the rest 

position is at the bottom, but an end required to stay up for two or 

more picks in succession drops only to the centre position between 

picks. The ends do not form a single sheet between successive picks 

(i. e. the shed is not closed), but neither does it remain fully open 

and hence the term 'semi-open'. This type of shed is used on a double 

lift Jacquard. 

Fig. 1.19 shows the different geometric parameters for the shed, 

used for finding the interrelationship between shedding and beating_UP21. 

A small angle 0 would reduce the lift of the harness and thus reduce 

the strain on the warp. However, if 0 is made too small, an unclear 

shed can lead to unacceptable increases in end breaks because the ends 

will catch with the shuttle. 

1.3.3, Cloth take-up 

A wide variety of cloth take-up mechanisms exists", some having 

an intermittent drive originating from the movement of the slay sword, 

others are actuated by a continuous drive. All have the potential for 

creating irregularity in pick spacing, since the weft density varies with 

the rate of take-up. The main developments have been better engineering 

and mounting of gear wheels to give more precise and uniform pick spacing, 

with easy changing of infinitely variable pick spacing. Take-up 
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mechanisms have been designed to facilitate the letting back of the 

cloth after picks are removed, when weft breaks or other weft faults 

occur, so as to give correct warp tension and lining up of the fell. 

1.3.4 Warp let-off 

There are two common types of let-off systems, namely, negative 

and semi-positive. The latter is often just called positive but the 

only justification for the term "positive" is in respect of the 

drive to the warp beam. 

The fully positive let-off is obtained with a pair of warp gripper 

rollers, through which the warp sheet passes, which are positively driven 

through suitable arrangements. 

In negative let-off motions (F. 1.20) the release of the warp 

Ov me- SjLe, 1&.; Y%3 O-e4. ý &L 
yarn from the warp beam is caused by the beat-up forceA which makes 

11 
the warp tension reach a value equal to, or slightly greater than that 

required to overcome the breaking force acting on the beam, applied in 

a suitable manner to the beam by means of weighting or spring'arrangements. 

Semi-positive let-off systems involve the release of the warp 

yarns by directly driving the warp beam through gears. The means of 

applying warp tension are separated from the beam driving mechanism. 

There has to be a compensating device incorporated which increases 

angular rotation of the beam per pick as the beam decreases in diameter. 

This is carried out through a floating back rail of the loom. This 

back rail, generally fitted with a semi-positive let-off device, has 

been used as a crude sheet length feeler for increasing uniformly the 

rate of warp beam rotation in the gear type let-off, as the beam circum- 

ference decreases. Fig. 1.21 shows an example of a semi-positive let-off 

motion. 
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Warp let-off mechanisms are usually described as tension controls, 

but the description 
). P_ 

,.., not apt since in no case do such mechanisms 

involve measurements of tension. All such mechanisms have two important 

points in common: 

a) the let-off rate is governed automatically by the take-up 
I 

rate of the warp at the fell, 

b) this automatic operation is controlled by the back rail 

position, this rail feeling the length of the warp sheet 

and not the warp tension. 
20 

The principle of operation on which they work is illustrated in 

Fig. 1.22. Warp yarn is fed from the beam at a linear speed v2 and is 

taken up by the second roller (cloth roller) at a linear speed v2. The 

yarn passes between the roller, beam and the take-up, as shown, and over 

an intermediate weighted roller (F. 1.22), which takes-up any slack in 

the yarn passing between rollers. 

The velocity of the cloth roller (v 
2) 

is fixed according to the 

specification of p. p. i., made and bought about by means of a gearing 

arrangement which has the appropriate chapge wheels and the controlled 

mechanism varies the speed v, to return the floating roller towards its 

controlled position. 

Clearly if the floating roller rises, the take-up speed is less 

than the let-off speed, while if it drops the opposite applies. 

The other type of let-off motion is the WIRA/Poole roller let-off 

motion (F. 1.23) which uses two positively driven rollers for letting-off 

the warp and is very much the same as the friction beam in the cloth 

take-up motion. WIRA/Poole roller motions are 
27 

obviously designed to 

overcome defects associated with dragging the warp threads from the beam 

as in negative let-off, and faults associated with the warp beam. It is 
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lig. 1.22 Weight or spring positioning of floating roller in lot-off 
control. 
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not really necessary to use a warp beam, the warp threads could pass 

straight from a creel into the nip of the delivery rollers. The use 

of a warp beam with roller let-off is to save space, the beam serving 

merely as a holder of the warp threads. 

This investigation is special: ý)r concerned with the semi-positive 

Hattersley standard and WIRA/Poole let-off mechanism and the detailed 

description of these two mechanisms is given later in section 4.1.4. 

1.3.4.1 Some problems that arise from the shortcomings of let-off 

meclianisms 

i) Fabric piece length variation 

Variation in fabric piece lengtb can often be explained 

suitably in terms of the variation in the average length of warp fed 

into the fabric for each pick or in other words variation in warp 

modular length (% ) because La is directly related to pick-spacing 
22 

This variation is usually due to lack of control of the-warp 

let-off motion, which supplies a required amoýint of warp yarn for 

every pick. One investigator 3 has said that "The amount of warp yarn 

that goes into the fabric for any individual pick depends on the stress 

and geometrical conditions at the moment of the beat-up and cannot be 

controlled instantaneously, but the average conditions are a function 

of the loom settings. The primary variable is the amount of take-up 

of the cloth and next to this comes warp tension". 

ii) Lack of uniformity in design length, causingmatching problems 

Design length variation, e. g., woven check fabrics may cause 

matching problems for the garment makers (S. 1.1.4.3). Foster 
23 has 

commented on some industrial findings on variation in check size in 

weaving which arose from short and long term variation in pick spacing 

i. e. the expected piece length of cloth can be taKen as that length 

which is woven from the length of warp yarn marKed out during warping 
and referred to as cut lenRth. There are obviously several cut 
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within and between looms. His summary of causes of check variation 

was: 

Variation in: 

a) warp tension 

b) take-up rate 

c) weft count 

d) warp way tension during finishing. 

Ae gave practical examples of conditions leading-to faults and made 

reconuiendations. 

iii) Effect on piece width 

Variation of the fabric width can also be affected by the let- 

off motion. Nordhammer 3 
commented that the weft modular length cannot 

be controlled in the loom as easily as the warp modular length. His 

measurements on weft modular length led him to conclude that this was 

mostly dependent upon the width of the warp in the reed and remained 

reasonably constant for any given fabric. 
24 22 

Ellis and Noormahmodi have shown a linear relationship for this 

effect, a change in warp modular length affpcting warp spacing i. e., 

cloth width. 

1.4 Dimensional Stability of Woven Fabric 

Dimensional changes always occur in cloth as it passes through 

the various processes because of the extensions built up in the fabric 

and yarns from processing stresses. Consequently, a release of the 

extending forces must give contraction in some or all dimensions. 

28 
Expansion of fabrics can occur with changes in moisture content but 

reduction in dimensions is normally the outstanding problem. 
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Cloth shrinkage is undoubtedly the problem which causes most 

29 

controversy between the cloth manufacturer and the maker-up . Much 

of this controversy is due to the lack of technical knowledge, in 

each section of the industry, of the processes used by the other. 

Many of the factors contributing to cloth shrinkage are, however, well 

established. 

1.4.1frocessing problems 

When fibres are being processed, for example in drawing, combing 

and spinning, they are extended by the tensions applied. Some reduction 

of these latent tensions can occur in further initial processing as when 

hank dyeing is carried out and the fibres and yarns can relax in the dye 

bath. It is generally the case, however, that yarns do go forward into 

further processing with varying degrees of extension (latent tension) 

present in the materials. There will also be additional strains 

imposed all along the processing sequence. 

In preparatory processes, such as winding, warping and hýeaming, 

tension is applied to the yarn and depending on the time that the package 

or beam is stored and the regain of the yarn, much of the extension may 

become set. Consequently, this could produce some unexpected differences 

in dimensions and appearance of finished cloth. Rae 30 has siudied the 

factors influencing the extension of yarn during winding and its subse- 

quent relaxation and Lawes and Townsend 31 
considered the effects of 

st orage of materials at various stages of processing, on the cloth 

dimensions. 

During the weaving process, the warp yarn is subjected to the 

various degrees of deformation as a result of the sequence of operation 

within the weaving cycle. Two important causes of change in warp tension 
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are when the heald shafts are lifted and lowered and at the beating 

of the weft when the reed pushes it into the fell of the cloth. 

There are also minor effects from the winding up of the fabric by the 

take-up mechanism and the release of the warp sheet from the beam by 

the let-off motion. This tension cycle has been studied in detail by 

32 33 
Owen and by Snowden and Chamberlain . Consequently, tension of 

individual 
_warp 

thread increases substantially during the weaving cycle 

and some of the stresses imposed may remain in the yarn. There is some 

separate information on the effect of weft tension on cloth structure 

34 
in a comprehensive study by Lawes . Detailed information on this 

subject of stresses on yarn will be considered in Chapter 2. 

1.4.2 Dimensional changes of woven cloth 

1.1.4.2.1 Contraction 

It has been shown in a previous section (S. 1.4.1) that during 

yarn and cloth manufacturing, the structure is generally strained and, 

therefore, is out of its stable configuration. In other words, in all 

states other than the-stable one, the cloth can possess a higher internal 

energy, and during subsequent processing and use, the stresses can. relax 

and the cloth tend towards the structure with a minimum internal energy. 

These changes in internal energy of fibre assemblies from higher to 

35 

lower values have been referred to as relaxation . Relaxation shrinkage 

can be brought about by treating the fabric with water or steam, which 

act as disturbing forces by breaking the chemical bonds in the molecules 

of fibres 35 
, and then drying the fabric without constraints. This latter 

process causes the bonds to be re-made and the molecules to be rearranged 

but not to their previous state. 



The strain set in the fabric, however, may not be completely 

relaxed by one wetting or steaming treatment, although most of the 

relaxation does occur; repeated wetting and drying treatments seem 

to be necessary to ensure maximum relaxation and this is called 

"progressive shrinkage". 

It is worth noting here that fabric shrinkage is not only 

attributed to the release of strains imparted to the cloth 
36 

, but also 

depends on another phenomenon called 
37 "Swelling shrinkage" which is 

caused by wetting and drying of the fibres and yarns. Its magnitude 

depends on fibre type, the construction of the yarn and cloth, e. g. 

yarn twist and fabric cover factor. 

After wetting and/or steaming treatments, i. e. "Static relaxation", 

a further shrinkage called "dynamic relaxation" occurs from applying 

agitation in washing and/or tumbling treatments. This has been called 

"consolidation shrinkage" and is normally observed for fabrics other 

than wool, and for wool at early stages of washing when no felting of 

the fabric is observed. 

"Felting shrinkage". is peculiar to wool and some similar but less 

common animal fibres which resemble wool in physical structure. It is 

brought about by rubbing or mechanical agitation of fibres under moist 

or wet and preferably heated conditions. 

1.4.2.2 Expansion 

The dimensions of wool fabrics can change in a reversible way 

when their regain is altered. The phenomenon contributing to these 

39 

changes has been termed "Hygral Expansion". 

Hygral expansion occurs whether or not a fabric shows any kind of 

irreversible dimensional change, such as relaxation shrinkage, at the 

same time. The magnitude of hygral expansion is sometimes quite large, 



and depending on the crimp in the fabric construction, moisture 
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content and the finishing treatment such as setting, can range 
40,41 

from 2-12%. Hygral expansion is important enough to be considered 

in the finishing and clothing industries, particularly in relaxation 

shrinkage measurements. To avoid the effect of hygral expansion on 

relaxation shrinkage measurements, it is important to allow the fabric 

to return to its original regain before measurements are made. 

1.4.3 Changes in cloth dimensions during finishing 

Cloth dimensions change very considerably during finishing processes. 

The main finishing processes are briefly dealt with below with respect to 

their effect on fabric dimensions. 

1.4.3.1 Scouring and dyeing 

Conventional water scouring gives a relaxation effect which 

releases strains built up in the fibres, yarns and fabric during the 

manufacturing processes. In piece dyeing, cloth is irmersed in a dye 

bath containing liquor, which can be near boiling, for about one hour. 

In both processes, cloth is normally in rope form and reasonably free 

from excessive tensions, so that it is reasonable to assume that during 

scouring and dyeing the mechanical agitation helps relaxation but some 

degree of tension may be present. 

1.4.3.2 Tentering 

-The object of the tentering process is to dry the cloth in a 

stretched width form and remove its creases. To do this, tension is 

applied across the width and to some extent along the length of the cloth. 

As the moisture content of the cloth drops considerably, the fabric becomes 
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temporarily set in its new dimensions. 

Much of the set induced in tentering will be released by higher 

temperatures used during subsequent processes, e. g. steam pressing 

(S. 1.4.3.5), or wetting out in the case of cohesive set, and therefore 

excessive tensions applied during tentering may cause further relaxation 

5 

shrinkage of the clothý 

1.4.3.3 Brushing, cropping, steaming, rotary pressing 

In all these processes the cloth, to the nature of the mechanism 

of the machinery used is usually extended warpways, and any fabric exten- 

sion is temporarily set into the cloth in the presence of steam arid heat; 

this tends to increase the lengthways relaxation shrinkage of the cloth. 

The width of the cloth, however, is reduced but can increase slightly 

with fabric relaxation as shown in Fig. (1.24). 

1.4.3.4 London shrinkage 

In London shrinking the cloth is damped or wetted, usually by 

folding with a cotton cloth that has been wet out with water, and left 

in this condition for'a few hours and then it ishung loosely over rods 

and allowed to dry slowly, without tension. The processes may be repeated. 

London shrinking removes some of the temporary set, which has been 

already induced in the fabric, and double London shrinking is rather more 

effective. It should be noted, however, that hanging the cloth over rods 

can extend it unevenly along its length, due to its own weight, particularly 

for one which is readily extensible, and this can introduce some inherent 

shrinkage of the cloth. 
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1.4.3.5 Steam pressing (11offman press) 

In a pressing cycle, when the steam is applied, the moisture 

content of the cloth increases, giving an increase in its dimensions 

due to hygral expansion. If the press is locked at this stage, the cloth 

cannot expand because it is held firmly by the plates of the press. 
I 

Consequently, the cloth is temporarily set by steam to a size which 

is smaller than that corresponding to dimensions which would be achieved 

at the higher regain of the press. In the next part of the pressing 

cycle, the lid is lifted and vacuum is applied resulting in cloth 

shrinkage due to its regain reduction. In each pressing cycle, this 

process is repeated and, therefore, the cloth shrinks more and more 

until it reaches an equilibrium by resisting further shrinkage, which 

depends on the fabric construction. Thus by steaming in a locked 

Hoffman press, a press shrinkage much larger than the reversible 

shrinkage occurs, and this has been regarded 
42 ' 43 

as a special type of 

shrinkage. 

As the cloth is-only set by a mild steaming treatment in the locked 

press, the set can readily be released by wýLter soaking or steaming and 

cloth dimensions will return to their original values. 

1.4.4 Stabilization of fabric dimensions 

In making up garments, the cloth receives a number of pressings 

usually with a Hoffman type press, or sometimes with a damp cloth and iron. 

These operations will bring about relaxation shrinkage and consequently, 

although the material in the finished garment may shrink somewhat less 

than the material in the piece form which it was made, the made-up 

fabrics are still capable of shrinkage due to relaxation of the remaining 

strains. It is, therefore, the responsibility of the finisher to stabilise 
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the cloth to steam pressing by minimising relaxation shrinkage using 

certain treatments at the end of the finishing routine. The problem 

can be dealt with in the following ways: 

i) At the end of the finishifig processes the cloth may be treated 

to release all the relaxation shrinkage from it, i. e. to bring its 
t 

residual shrinkage to the minimum possible, by repeated conventional 

wetting and/or steaming followed by drying treatments. 

ii) At the eiýd of the finishing processes the cloth may be 

permanently set to make its dimensions stable to steam pressing. 

A considerable amount of work has been done to explain the 

chemical and physical mechanism of permanent setting, a summary of 

46 
which has been presented by Farnworth and Delmenico 

In practice, setting, to different extents, can be done either 

by treating the fabric with steam and/or hot water, i. e. blowing, 

decatising and crabbing processes respectively, or by using some 

chemical agents such as Urea-bisulphite in the process which is- 

called chemical setting. In the case of synthetic thermoplastic 

fibres, however, setting of cloth dimensions can be done by applying 

"heat setting" methods. 

1.4.4.1 Blowingand Decatizing 

In blowing, the cloth is wound at full width and under warpway 

tension onto a perforated roller, generally interleaved with a smooth 

surfaced cotton wrapper, and subjected to steam which is blown through 

the fabric from inside the roller. Alternatively, in decatizing, the 

roll is put in an autoclave and treated with steam under pressure. 
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1.5 Sunnary 

The effect of stresses, acting on fibres, yarns and fabric 

during the manufacturing and finishing processes and their subsequent 

relaxation, are the main factors influencing any fabric dimensional 

changes. It should be noted, however, that fabrics are structures 

formed as a result of forces and their formation is only possible under 

the effects of certain forces. These forces determine the appearance 

and properties of'the fabric as well as the load on the loom. 

The technology and machinery which would insure fabric processing 

without tension is not developed yet. It can be supposed, however, that 

there can be analysis of yarn tension influence on the fabrics and 

control of the variations in yarn tension during processing. This can 

help in solving the problems dealing with technical and economical 

conditions of fabric production. 

1.6 The aims of the present thesis 

Yarn tension can be one of the important factors affecting the 

dimensions of a woven fabric. Control of ýhe variations in yarn 

tension during preparation and weaving is therefore necessary if the 

subsequent required control over piece dimensions is to be maintained. 

The objects of this investigation were: 

i) to study the effect of changes in yarn, tension during the beaming 

processes and in weaving, on the 

a) more precise aspect of length measurement, 

b) uniformity of cloth width along the length 

ii) to assess whether the use of the WIRA/Poole fully positive warp 

control device gives'more effective control of precise fabric 

dimensions than the liattersley semi-positive device. 
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iii) to derive mathematical formulae to examine the importance of 

the factors governing the pick-spacing and use this to study 

M the causes of variation of the weft density across the width 

(ii) the effect of free length warp and fabric on pick-spacing 

achieved during weaving. Established mathematical analysis of 

the factors governing pick-spacing together with computer techniques 

were used. 

iv) to develop a contInuous autographic width measuring device. 

C- 
The full details of the exper: ijdental and analytical procedure 

used for Mck; kVk3g these aims will be set out in chapters 4 and 6 

respectively. 

/ 



li APTER 

1. EVIEW0FPREViousRESEARCH 

-S 



61. 

CHAPTER 2 

REVIEW OF PREVIOUS RESEARCH 

The commercial production of woven cloth must be involved in 

attaining a reasonable accuracy in width and length of the finished 

fabric. Although a producer or designer of cloth is concerned primarily 

with appearance, colouring, feel or handle, finish, weight and cost, yet 

in all cases the question of these two dimensional parameters arises. 

There are important economic considerations which have to be given to 

the question of dimensional control and these will be discussed later. 

There are differences in the changes that occur in length and width 

during processing and these depend upon the structural particulars of 

the cloth and the physical or chemical treatment which may be given to 

the fibre, yarn or fabric. 

An attempt is made in this chapter to review previous research 

work which'deals with these main factors affecting the dimensions of 

woven fabric and some economic aspects. This is set out below under 

five main headings: - 

M physical properties of yarn, 

(ii) implications of tension as it occurs at the various stages 

during the manufacture of cloth, 

(iii) dimensions and pmperties of woven fabric, 

(iv) dimensional stability of woven cloth, 

and (v) economical aspects of fabric dimension. 

2.1 Physical Properties of Yarn 

During warping, winding and weaving, the yarn undergoes many 

stresses, causing subsequent damage and changes in its physical 

properties. These stresses may be either of a static or of a dynamic 
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nature. If the external forces are small and applied only for a short- 

length of time, the yarn may return almost immediately to its original 

dimensions upon removal of these forces. The extent to which recovery 

from a given amount of stretching takes place differs from one type of 

yarn to another and this plays a major part in determining their 

processing characteristics. The yarn may be subject to high and non- 

uniform tensions that-cause large and non-uniform strains. If the 

latter are not relieved before the yarns are woven into a fabric, they 

can manifest themselves in many undesirable forms in subsequent processing 

steps, resulting in non-uniform fabric dimensions. Textile materials 

possess some inherent properties, listed below, which cause problems 

in controlling warp and weft spacings. 

2.1.1 stics for different yarns 

The range of fibrous materials for the'textile industry is being 

continuously extended by the development of new types of man-made fibres. 

The technological and service properties of these new fibres, however, 

do not always meet the requirements of the manufacturer. Certain com- 

binations of differeni fibres, for example a mixture of natural and man- 

made types, can make it possible to 11 neutralise their individual unfavourable 

properties and attain the required end result in the quality standards of, 

the finished article. Research worlý 
8 

shows that there is a specific 

relationship between the properties of the yarn and component fibres, 

depending on their relative percentages. They observed that generally 

the strength of the blended yarns were considerably lower than one might 

expect from the strength of the component fibres. This decrease in 

strength arises from the difference in extension of the two fibres. 

The load-extension curves for wool and terylene yarns (F. 2.1) show that 

at any given load, wool yarn has a higher extension than terylene and 

also the stre, ngt, h and extension of the bl'ended yarns increases and 



63. 

E 

0 
-a 

N 

. 

Extension 

Fig. 2.1 Load-extension curves: for 2136ts 
Terylene, A, 7ool yarns to breaking point. 

0/ Torviene 0/- Wool 



64. 

decreases respectively as the terylene content in the blend increases. 

The modulus is the average force exerted by a yarn for a unit 

extension and is thus a measure of resistance to stretching and it 

increased'as the terylefie content was increased. 

2.1.1.1', 'Elastic recovery 

Elastic recovery of stretched fibres or yarns is their capacity 

to return to their original length when extended and then released. 

If elongation is recoverable immediately, this corresponds to perfect 

elasticity, whilst recovery after a longer time is caýled delayed 

recovery, there is some which remains permanently set. The actual or 

relative values of these components of total elongation are different 

in various fibres and are influenced by the stress or strain applied 

and also by time, temperature, humidity, etc. Delayed recovery frequently 

causes 'relaxation shrinkages' in woollen fabrics, creating problems in 

tailoring of garments3 The kind of permanent set discussed above is 

generally undesirable in textile materials but fortunately it can be 

partly recovered by increasing temperature, humidity and by using 

chemical agents, but this can affect dimensional stability through 

shrinkage of the material. Permanent set imparted in the fabric by 

some finishing treatments cannot be easily released by a subsequent 

treatment with steam or boiling water. 

2.1.2 Effect of mechanical action, water and heat 

There is a complex relationship between water and the mechanical 

properties of fibres and yarns. The structural changes taking place 

in the cloth itself disguise. to a large degree the changes occurring 

in the physical properties of the yarn of which it is constituted. 
1 

If 

tension it applied to a woollen yarn it will extend to a certain length 
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and this will increase when the experiment is repeated under water. 

If the yarn is dried while extended, it will retain the extension as 
52 

cohesive set . Spun polyester yarns have the same behaviour as wool 

yarn but they only react this way in hot water at temperatures above 7eC. 

The set imparted will be relaxed in water above the temperature above 

which the increased extension took place. 

2.1.3 Instantaneous and timedependent effects 

Since yarn is an elastic-plastic material, its deformation depends 

on the magnitude of the tensile force and the time of its action. 

Similarly, the recovery from stretch depends in addition on the amount 

and direction of the forces and the time of loading. When a constant 

load is applied to a specimen for a period of time, the specimen will 

extend rapidiy as an instantaneous effect and then less rapidly which 

is the time dependent effect. On the removal of load the material will 

show thýs. p s, ame characteristics. Time effects can be demonstrated by 

applying a load on the fibre or yarn and holding it at a certain exten- 

sion. The tension built up, in the fibre will decay_with time when the 

load is removed. A similar result is obtained if the yarn is given a 

certain extension; its tension first increases and then decreases as 

long as it is held extended. As the tension falls, a cohesive set 
53 952 

builds up in the y- aýn and this can be seen when the tension is released 

(F. 2.2). The important point about cohesive set is that it is removed 

by immersing the fabric in cold or hot water. 

2.2 Implication of Tension as it Occurs at the Various Stages During 

the Manufacture of Cloth 

Every spinner and weaver is aiiare that the tension to which the 

fibres or yarns are subjected when passing through his machines is of 
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significance for the quality-of the goods produced. The relation 

between tension and elongation, and between elongation and elasticity 

have been classified in research papers which all arrive at the conclusion 

that the thread tension must be checked and controlled by objective, 

measurements during processing. Researchý 6 
shows that the effect of 

tension acting during the manufacturing processes is the main factor 

influencing fabric dimensional changes. The technology and machinery 

for fabric processing which would ensure uniform tension is not Yet 

fully. developed. It is thus necessary to control tension as it occurs 

at the many points during complete processing of textile materials. 

The method and precision of controlling the tension vary from process to 

process. When fibres are being processed, for example, in drawing, 

combing and spinning, they are extended by the applied tension so 

that yarns go forward into further processing with latent tension present 

in the materials. There will also be additional strain imposed all along 

the processing sequence. 

2.2.1 Yarn preparation for weaving 

i 
In preparatory processes, such as winding, warping and beaming, 

tension is applied to the yarn and depending on the time that the package 

beam is stored and the regain of the yarn, much of the extension may 

become set. Consequently, this may have some effects on warp and weft 

stress/strain relationship during weaving and therefore could produce some 

unexpected differences in dimensions and appearance of finished cloth. 

2.2.1.1 Winding 

The main reason for applying and controlling yarn tension'during 

winding is to build a, stable package of required density. A good deal of 

latitude is usually possible in the -Cension applied to coarse and medium 
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count yarns during winding, but the tension applied to fine yarns and 

to filament yarn is more critical. With smooth filament materials, 

excessive tension will overstretch the yarn, and insufficient tension 

will lead to premature sloughing-off, especially from a pirn-during 

weaving. 

The most widely used form of tensioning devices are those on which 

the yarn passes over convex surfaces. The tension is, then increased in 

lie 54 
accordance with the well kn6wn Amanton's law, T, =T2e. Onikov derives 

equations, showing the forces acting on a thread during winding, the object 

of the theoretical study being to ascertain the principal on which the 

tensioning device should be based. 

; The most common tensioning devices in use are the post, gate, 

. 
57 

spring loaded disc, dead weight disc and whorl type. One review, deals 

with most, of the tensioning devices that have been used in the wool 

industry and contains very useful observations on their advantages, 

disadvant ges. and limitations. The tensions of yarns leaving ordinary 
.9 

non-compensating post, or disc, tension units generally vary more widely 

than: the input tension, changesýcausing them. Some compensating tension 

devices give'level output, if used correctly, others only partially-,. 

compensate for tension input variation. 
- -I 

2.2.1.1.1 Factors affecting the winding tension 

I ,, During pirn winding the most important variables affecting 

yarn tension at. the moment of being wound on to the package are initial 

iension, and yarn-speed. ý,, Variation of the former arises, due to the method 

of yarn withdrawal-from, the supply: package, whether by unrolling or by 

55 
overend ballooning,. the, latter being, the more important . lf the shape 

of the yarn-, balloon changes slowly, and the yarn is fine, the tension 

fluctuations, on withdrawal will be slight., but for coarser yarns withdrawn 
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overend from cop built packages, the effect of yarn mass and air resis- 

tance on the rapidly changing balloon shape is appreciable and tension 

fluctation may. cause serious problems in winding. 

The frictional characteristics of yarns when sliding over stationary 

surface may be affected by several factors such as surface material, yarn 

speed, initial tension, radius of arc of contact. The effect of these - 

and other quantities on the coefficient of friction of nylon yarns has 

been investigate(? 8. Frictional forces may affect yarn tension in two 

distinct ways, the effect being termed "additive" and "multiplicative" 

(F. 2.3) 5 5. In general, the'effect of yarn speed on coefficient of 

friction takes the form shown in Fig. 2.4, the curve usually flattening 

out at a speed of about 200 yards/minute55. Research work5g investigated 

----oTr-the tension variation in cone and cheese winding by the cathode ray 

oscillograph tensiometer shows that there are considerable differences 

in the range and pattern-of tension fluctuation from one type of package 

to anothýr, from one machine to another and as the package increases in 

diameter. In the paper it was emphasised that the control of'-tension 

. -during winding on present day machine is far from perfect and much more 

could be done in the way of introducing a new method of compensating for 

differences in yarn speed, size of packages, etc., as well as better and 

more reliable tension devices. 

2.2.1.2 Warping 

The successful warping of yarn depends to a major degree on 

applying equal and constant tension on eých end of the yarn so that 

smooth beams are produced. Any variation in the average tension will 

affect the density of the beam. If the tension from a set of bobbins 

should be increased progressively as the yarn is withdrawn then there 

will be a variation in density and diameter of the beams wound success- 
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0 ivelY from the same creZ . Since the yarn from these beams may 

eventually be combined in the same fabric, there is a possibility 

that these variations would reduce the quality of the finished product. 

whereas if the tension should vary from end to end in the warp section, 

there would be a variation in density within a beam. Obviously when 

the yarn is withdrawn from the beam to be woven, some of the ends will 

be tighter in the fabiic since these ends are drawn from the ridges 

formed during beam winding. 

2.2.1.2.1 Factors influencing yarn tension in warping 

One of the main factors in warping is to produce a beam of 

warp in which the tension of all warp ends is uniform. The processes 

--of section warping can be considered in two phases, firstly building the 

warp. on the warping mill or swift and secondly beaming-off on the weaver's 

beam. 

Cbanges in warping tension are mainly caused by using unsuitable 

I 
warping equipmentý . The traditional crescent creel, in whiclý yarn is 

drawn offthe side of rotating cheeses, is cbaracterised by appreciable 

changes in warping-tension as the cheese empties. In addition there is 

no control on the yarn when the swift is stopped and the cheeses continue 

to, rotate. It is also frequently necessary to pull back the section 

because there is no detector motion to stop the swift when the ends 

break. With the modern jack creel, and some types of crescent creel, 

the yarn is drawn over the end of a cheese or cone and through a tension 

unit; there are small changes in tension as the packages empty. It has 

been shown6 
5 that a much more regular and uniform tension is imposed on 

, the threads during warping from an overend cone creel, with individual 

thread tensioning devices, onto a solid swift, than from an upright cheese 

creel onto a spaced-lag swift. Poole and Snowden5 9 in their experiment on 



the tension variations during warping and beaming arrived at the 

following conclusions: - 

a) More uniform tension is obtained in warping by feeding the 

yarn overend than by feeding by unrolling. 

b) A solid drum would be better than the more commonly used which 

has spars. The spars cause fluctuations in tension in both warping and 

beaming. 

c) As with wound packages, tension differences produced in a warp 

may be temporarily set as it lies on the drum or on the beam, particularly 

the latter and this may have some effects on warp tension during weaving 

or may produce differences in appearance of the warp threads in the 

finished cloth. 

A paper by Williams 62 
on the control of tension in warping surveys 

the merits of warping from cone compared with that from cheese and of 

the solid swift compared with a spaced-lag swift. It also describes a 

method qf.. controlling the tension of the warp as it is being wound from 

the swift ýn to the-beam. The tension gauge he refers to is fitted to 

the Hattersley warping machine. Another paper by Williams 63 
refers to 

tests showing the variation of tension in threads coming off cheeses on 

an upright creel and caning through the tensioning apparatus of the Holt 

creel, and he suggests the correct tension to apply, when beaming off 

warps of various counts and setts. Since publication of the article 

referred to just above, recent improvements in warping machinery to secure 

accurate control of tension, not only of the individual. threads but also 

of the warp itself as it-is wound on to the weaver's beam, has been claimed 

64 
using a direct warping machine 

During warping, each end receives individual treatment by one or.. 

more of the numerous available yarn tensioning devices and the non- 

uniformity of tension, which begins during unwinding from bobbins, is 
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increased by these yarn-tensioners and yarn guide elemenis. Dyer 

et al! 
0, investigated the merits of each of the common'types of 

tensioning devices and suggested that the tension variations may be 

almost completely eliminated by the use of properly desiined comp , ensating 

devices. 

2.2.2 Weaving 

Fabric planning involves the determination of the'relation between 

the parameters needed for the construction of the fabric and those for the 

processing on the loom; for the latter two important ones are the warp 

and weft tension. The influence of the Warp tension on the structure of 

the fabric has usually been investigated separately from weft and 

consbqubritly a-section of the-review ahead will'be'in two I 'main parts 

(i) warp, and (ii) weft tension. It must beappreciated, however, t hat 
11 

in fact the two tensions together have a simultaneous effect on fabric 

being prqcessed. 

2.2.2.1 Warp tension 

During the weaving cycle, the warp thread is exposed to various 

degrees of stress mainly as a result of the sequence of operations within 

the cycle. The importance of the tension in the warp threads'during 

weaving is well recognised and various adjustments which are actually 

resorted to are dictated by questions of expediency rather'than a clear 

understanding of the unde'rlying'principles'. . Hollstein 67 , put forward" 

suggestions based'on wide experience for I calculating - the correct te . nsion 

of the warp thread during weaving. " He said'that proper tension for 

individual yarns is primarily' a func-tion 'of the breaking strength of the 

warp yarn used and is normally of the order of 3.5 to 7% of it. 
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Hesso 68 
on the other hand discussed the several problems involved 

in selecting the correct warp tension in weaving. He suggested that 

the breaking conditions on each loom, which are clearly related to the 

warp tension, should be included in the theoretical calculation of warp 

tension for a particular cloth. The author came to the conclusion that 

so many factors are involved that it is impossible to forecast the 

correct tension. 

The importance of maintaining a constant warp thread tension during 

weaving and the effect of low and excessively high tension were discussed 

by rriedricl! 9. The tension of the warp should be chosen more in accor- 

dance with the law of formation of the fabric, i. e. after the formation 

of shed and the shape of the fabric's edge. He also pointed out that 

there is no sense in selecting the tension in accordance with the tensile 

strength of the thread, since a certain tension of the warp is necessary 

for the formation of the fabric, i. e. the envelopment of warp and weft. 

Hqneggerls paper 
70 

regarding developments in Swiss looms for woollen 

and worstýd fabrics described some of his research on tension-during 

weaving of worsted and-cotton warps. He gaye diagrams of mean warp 

tension during the weaving cycle to illustrate that the beat-up-force 

for a certain fabric (cotton) density is constant and independent of the 

warp tension. If the warp tension is low, the tension in the fabric at 

the moment of beat-up will be reduced to zero, whilst a high peak load 

stresses the warp. If the warp tension is high the additional peak load 

on the warp is smaller, as a larger part of the beat-up force is absorbed 

by the, initial tension of the warp, which is only partly reduced in the 

fabric in front of the reed at the moment of beat-up. The pressure, however 

exerted by the reed on the last weft thread is practically equal in both 

cases. 
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The tension of the warp yarns on a running loom differs essentially 

from their tension when the loom is stood still. Ruckdesche, 74 has an 

interesting contribution to make in this respect in what he describes as 

the tension conditions in running yarns. He refers to static (while the 

loom stands still) and dynamic (in a running loom) tensions and, after 

indicating how complicated the conditions to be clarified are, he dis- 

cusses the components of such tensions in the process of weaving. 

Finally, he suggested how to tackle the problems which arise in tension 

control during weaving. 

Static tension is applied to the warp for two verY obvious reasons: - 

(1) to obtain a clear shed for the passage of the shuttle as it 

crosses the race to insert the weft between the warp threads, 

(2) to resist. the action of the reed as it moves to beat-up the 

weft, i. e., to force it against the cloth already woven. 

Long experience and a certain-amount of intuition make it possible 

for weavebs to find'the necessary static tension. Interesting experiments 
67 

referred to previously, on this subject have b9en conducted by Hollste n 
71 

Snowden has tried to determine the static-tension necessary for obtaining 

a defined number of picks on the basis of-the optimum oscillations of the 

weight levers. Svyatenko 75 has presented a mathematical analysis leading 

to the formula for calculating warp tension during loom operation. The 

formula established the relationship between the parameters of the loom 

setting and those of the let-off motion. It was applied to a Sulzer 

loom and may be used to determine optimum operating conditions for the 

warp let-off motion when weaving a wide r4nge of fabrics. 

2.2.2.1.1 Application 

The main condition for successful weaving, i. e. uniform yarn 

delivery and control of average warp tension depend in a large measure on 
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the performance of the warp let-off mechanism with its regulating 

motions, such as, the moving back rest. 

There are many types of let-off motions available and E. J. Poole 76 

has described them and given a short history of the development of-the 

various let-off motions which have been designed and successfully 

introduced. 

The motion may be divided roughly into. two types - negative and 

beam drive. The latter is referred to as 'positive' by one writer 
79 

, 

but, 'semi-positive' is the term applied by Hanton 78 
, and lautomatict 

by the various loom makers. Poole 76 
refers to them as 'controlled'. 

7 
Hanton a 

and Foster" have. dealt with these types of various let-off 

motions. They used the fundamental, vector diagram analysis of various 

__----forces -and- -their resultant acting on, the back rail, and ultimately 

obtained the warp tension arising from, the forces. 

All motions work intermittently releasing a small amount-of warp 

at each. pick or when needed. A, full automatic positive let-off-motion, 

known as t he W. I. R. A. /Poole device, developed by Poole 76 is neither 

negative nor beam-drive, but feeds in the warp through fluted rubber 
27 

cushion delivery rollers. Dj. -Poole has described and reviewed its. ý., 

short history of development and has also made a study of tension 

variations on it and the HattersleY loom.., 

Theoretical and experimental-investigations on various types of 

let-off motions have been cýrried out. The advantages and disadvantages 

of the various motions were determined and in some cases methods of 

improving them were involved, as for instance, in the case of the 

planetary warp regulator for, which a cam drive for the back rest system 

has been, designýed 86 
. The moving back restlIsYstem of the planetary warp 

regulator on power looms performs a, cycýlic oscillation during the weaving 

process. The angle, of deflection and the motion time of the movable back- 



rest system vary continuously as the depletion of the warp beam 

progresses. Erokhin86 investigated the effect of this oscillation 

on warp tension during the processing of cotton fabrics in a loom 

fitted with the modified arrangement (F. 2.5) of the movable back-rest 

and with that of the existing design of the planetary warp regulator. 

The cyclic variation of warp tension during weaving was found to 

correspond with that of the back-rest and the warp tension was more even 

with a smaller end breakage rate with the new development. 

Erokhin8 7 has also studied the influence of the cyclic oscillati 
. 
on 

of the back-rest on the nature of the changes in the cyclic fluctuation 

of the warp tension using a worm type regulator of conventional and 

modified design. The design and performance of the movable system of 

the modified worm type warp let-off motion (F. 2.6) are similar to that 

of the modified planetary warp regulator86 (F. 2.5). The back-rest of 

the former is similarly not connected with the slay sword pin and 

oscillatd. s with the variation of the warp tension during the beat-up 

and shedding period. He found that the cyclic oscillation of' the back 

rest on looms equipped with a worm type warp let-off motion was not co- 

ordinated with the changes in the warp tension. - The modification 'of the 

back-rest system made it possible to reduce and equalise the warp tension 

and consequently the end breakage rate fell by about a third. 

Another useful paperge described the effects of let-off motions 

of the worm and planetary types on the fatigue resistance of the warp 

yarn. Samples of yarn were taken from three zones (bdam to drop wires, 

drop wires to fell, and from the cloth) ýLt intervals during weaving and 

these were measured for fatigue resistance on a cyclic tester. The 

results indicated that the fa tigue resistance of the yarn alters in 

different wayý according to the type of let-off motion. The worm type 

provides the better processing condition for the yarn in weaving. The 
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fatigue characteristics of yarn-is its endurance, or ability to 

sustain repeated deformation without breaking and the author 

considered this as a basis for this assessment of the types of let-off 

motions. 

Fostere 9 
analysed the design and performance of the different let- 

off'motions to, assess the long term changes in warp tension, such as 

occur from beginning to*end of a warp beam of 300 yards warp. He con- 

cluded that the long term variation of warp tension was associated with 

the design of the mechanism and cannot be reduced by normal adjustment. 

The behaviour of the let-off motions for the long term variation of warp 

tension was of the same form as that predicted by the author analytically 

except in the case of Northrop Bartlett motion. In the latter the*long 

term test showed two or three-sudden jumps in the tension during the 

weaving of-the 300'yards. warp. ' 

A report by D. I. Poole and Snowden 59 described the control 'of 
wa'rp 

and tension during weaving with W. I. R. A. /Poole roller and ordinary 

Hattersley let-off motions. They found that #e former was only slightly 

better in the way it cont-rols warp tension-during weaving with a fairly 

loose cloth structure. ' The record of warp tension during weaving of firmer 

structures showed that the'range of tension variation was I greater with 

the roller type than with the other and was greater, for 2/2 ýwill than' 

for plain weave. The degree of control exercised in delivering warp by the 

roller let-off motion with a fixed rail was better than the Hattersley 

let-off motion: These two let-off motions will be described fully in a 

later section. ' 

2.2.2.1.2 Measurement, 

The measurement of warp tension, its influence during weaving 

on the properties of the resulting fabric and the assessment of the role 
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of warp tension in the process of cloth formation have achieved the 

attention of many researgh workers. 

Stein 73 
is reported to have pioneered the dynamic measurement of 

warp tension by using a method in which the tension varied the capacitance. 

He measured the tension in front of and behind the back rest and showed 

that there was no significant change in the tensions of the two segments. 

Since then various methods for measuring static or dynamic warp 

tension have been usod. 

Snowden and Chamberlain 33 
constructed a tensiometer for measuring 

the static tension of a single warp thread. In their apparatus, the 

tension of the yarn, which passes tbrough a fork of the tensiometer, 

acts against the rotation of this fork, a rotation imparted by a spindle 

over a spring. The amount by which the fork can turn gives the tension 

of the yarn, with the help of an indicator which is in one piece with the 

%, spindle. Measurement of tension was made across the width of a warp in 

a Dobcross loom with the shed open and the crank at the back centre. 

The result showed a considerable variation in tension from one thread 

to another across the width and also there were differences between the 

average thread tension of the top and the bottom shed line. 

Chamberlain and Snowden 33 have also constructed an apparatus in 

which the changes in the dynamic tension of a warp yarn, passing through. 

a system of three pulleys, cause the deflection of a small spring. This 

deflection brings about changes in the capacitance of a capacitor, which 

are transformed into changes in the current and recorded by a Cathode Ray 

Oscilloscope. They made the study on tension fluctuations in cotton sized 

warp and woven on plain and 2/2 twill weaves. The main features in the 

tens ion variation associated with each pick cycle that there was a fall 

or rise in tension as the shed changes, the fall occurring when the thread 

under test-changes position and the rise when it remains raised or lowered 



during a pick cycle in which other threads are changing position. 

They also observed a pronounced tension maximum at beat-up which is 

followed by a tension minimum; in general, the maximum and minimum were 

related in the inverse sense, a high maximum being followed by a low 

minimum and conversely. 

Owen 32 in the study of warp tension variation in single end of 

the plain weave on a running loom made use of an optical method. This 

involved the use of a three pulley measuring device - two fixed and the 

centre one supported by a flat sensitive spring working on a cantilever 

principle - to register the recordings optically. He found that the 

tension during the two pick shedding cycle varied from 5.5 gms to 14 gms. 

Zilahia 2, 
made a study of dynamic warp tension with the help of a 

three-roller measuring device and a device with a resistance wire. He 

found a progressive increase in warp tension arising at the instant of 

beat-up in the various regions between: - 

(i). back rest and warp stop motion; it was about 13% higher than 

that of týe warp beam and back rest, 

(ii) warp stop motion and heald shaft; it was about 40% higher than 

between back rest and warp stop motion, 

and (iii) heald shaft and reed, about 16% higher than the previous region. 

Zilahi 77 
also carried out experiments on dynamic warp tension with- 

the help of three rollers mounted on ball bearings and adjustable, being 

mounted in between the back rest and warp beam. He carried out the 

experiments on the cotton sized warp on a Hungarian loom fitted with a 

back rail consisting of two iron tubes in ball bearings, dividing rods 

and double lease rods. The warp tensions in front of and behind the 

back rest were almost equal, and this is attributed to the back rail 

being supported on ball bearings. The use of lease rods produced an 
I- 

irregular tension diagram due to crossing of the threads, whereas no 
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lease rods produced a symmetrical and normal tension diagram, the lease 

rod section being described as an unstable zone. The device could not 

be used in other parts of the warp due to shed formation. A quasi-static 

measurement in the individual parts of the loom was therefore carried out 

which confirmed the results obtained by Zilahig I. 

Sakamoto and Kamogawa8 5 
established a technique of measuring warp 

tension and letting off length per pick in a loom fitted with negative 

and positive let-off motions and at various diameters of the beam. The 

warp tension of the whole warp sheet has been measured with the aid of 

the feeding roller which guides and regulates the warp. This roller is 

suspended from a mild-steel ring through a hall bearing. This ring takes 

the place of the springs used in previous methods using three rollers 

and strain instead of movement is measured. The strain of the ring was 

measured with strain gauges and a strain meter and an electro-magnetic 

oscillograph. The calibration was done by means of a spring balance 

before and after the experiments. 

In ihe negative let-off motion they found that the deviation of 

the values of the mean warp, tension from the mean value of tension is 

t9.1% to -5.4% whereas in the-case of positive let-off it was tl. 6% to 

-3.7%. Also in the later case the variation in warp tension and letting- 

off length in the whole beam diameter were kept within an extremely 

limited range. 

The variation of the ! qarp tension with the decrease in the build 

diameter on the loom beam was investigated by Bukulin8 3 
using a strain 

gauge apparatus. The cyclic variation of tension of 60 warp yarns, 

distributed evenly among the h. ealds was recorded at the middle and at a 

distance of 1 cm from each selvedge by a special strain gauge apparatus. 

The tension measurements were checked under static and dynamic conditions 

with the modified TONG-2 instrument and were measured between back rest 

and the droppers until the beam was depleted. He concluded that the 
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warp let-off motion of the AT-120-5 loom fails to maintain the tension 

of tbe. warp yarn across the fabric uniformly during the operating cycle 

of the loom and in the course of unwinding from the beam. The tension 

of the yarns in the front row of healds was 25-30% lower than that in 

the back healds. 

Speranskaya and Goritskil9o studied the magnitude and character 

of the variation of the warp tension with the decrease in the diameter 

of the warp build on the beam on a STB-2-330 loom. They threw light on 

to what extent the let-off mechanism on the STB version of the Sulzer 

loom met the requirements of the automatic regulation of a constant warp 

tension during the consumption of the warp from the beam. The tension 

of twenty warp yarns was recorded on an MPO-2 type loop oscillograph at 

the midpoint of the left and right warp beams, use being made of a small 

beam with resistance gauges mounted aý a distance of 10 cm from the back- 

rest. The analysis of the results showed that the warp tension on the 

STB-2-330. -. Aoom increased with the depletion of the warp beam. The tension 

on the right hand warp sheet is larger than on the left hand sheet at any 

diameter of the warp build on the beam and in all operating phases of the 

loom. The warp tension was at a minimum at the instant of the shed 

change and after the beat-up, and at a maximum at the beat-up and when 

shed-opening was at a maximum. They stated that the warp let-off motion 

of STB-2-330 loom failed to maintain a constant tension of the warp sheet 

during the consumption of the yarn from the warp beam and also failed to 

maintain identical levels for the tensions of the left hand and right hand 

warp sheet. Consequently, there was an increase in the end breakage rate 

with the depletion of the warp beam i. e. by a fact or of 2.24 and 3.3 on 

the left and right warp sheet respectively* 
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2.2.2.1.3 Factors affecting and control of warp tension 

The magnitude and nature of the variation of warp tension 

depends on the loom parameters and the construction of the fabric being 

processed. 

The processes of shedding, beating-up, warp let-off from the loom 

beam and the oscillation of the back-rest give rise to cycle variation 

in the tension of the warp sheet during weaving. 

In practical weaving, the amount of fabric take-up per weft insertion 

generally remains constant but the warp tension varies. Foster" has shown 

in his research on let-off motions that varying tensions are imposed during 

weaving by the constant changing of the position of the back-rail, or even 

through the actions of the motion itself. It has been found possible to 

eliminate. the long term tension variation associated with the changes in 

the warp sheet angle at the back-rail by introducing an extra back rail 

placed in a convenient position between warp beam and the normal back rail. 

He also-sliowed that lack of lubrication and attention to worn parts may 

give rise to variations in the let-off rate and warp tension. " 

Gordeev 92 has dealt with the precision of the action of friction 

brakes for warp beams. He stated that an oscillating back rest of special 

construction can set up conditions for the cyclic variation in the warp 

tension which would promote an increase in the precision of the let-off 

motion. 

Belyaev 93 
analysed the action of the warp let-off motion of an 

AT-500-5M loom with reference to cyclic variation in the warp tension. 

He found that cyclic tension of the warp yarn varied with the timing of 

the action of the moving system of the oscillating back rest of the let-off 

motion in relation to the phase of the shedding process. It was shown that 

the cyclic warp tension can be considerably decreased by synchronizing the 
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action of the moving back rest system and rocker motion of the warp 

let-off with that of the shedding motion. The suggested modification 

of the transmission of motion to warp let-off makes it possible to select 

the optimum set of conditions for the back rest motion for different 

fabrics. 

The shed geometry also affects the peak warp tension. Belyaev 

and Sakharov 94 
suggested 

*that the warp tension conditions in the zone 

of cloth formation depend on the shed configuration, more particularly 

on the angles of inflection of the looming plan line in the healds and 

on the angle of inclination of the healds towards the back rest. They 

found that the tension due to shedding decreases sharply with a symmetric 

back shed, whilst the tension at beat-up remained almost constant for 

-ýýth -asymmetric back shed as 
-well. 

Singl? 5 
observed that the mean dynamic tension in warp, due to 

and during shedding, is less when there is a uniform shed on either side 

of the heýalds (F. 2.7) than when it is non-uniform either in the conven- 

tional back or front zone (F. 2.7). * This has led to a new concept of 

periodic shed configuration in the front zone in dense plain weaving, 

wherein a difference in the shed tension during the operation of b'eat-up 

is essential. The new principle implies A formation of a uniform shed, 

in either the weaving zone, during shedding and dwell periods, and a 

formation of non-uniform shed, only in the front zone, during the important 

and effective period of beat-up operation. The new principle of periodic 

shed configuration in the front zone, besides giving a thorough provision 

for the different shed tensions during beat-up, reduces the mean dynamic 

tension of warp due to and during shedding by 7 gm when the initial 

static tension in warp was 45 gm per thread. 

Kuznetsov 96 has also proved theoretically, how exactly, irrespective 

of the warp and weft density in the cloth, the warp yarn tension during 
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beat-up is reduced with an increase in the ratio of tensions in the 

two layers of the shed. 

Snowden9 7 
stated that the earlier timing of the shed change on 

an open-shed dobby gives a greater beat-up pick tension with the same 

nominal warp tension. The reason is because the friction on the warp 

is increased since the weft is carried forward to the beat-up between 

crossed threads for agreater distance. 

Foster" stated that a large cyclic tension variation is created 

by the action of the heald shaft and by beat-up, and it is these tension 

peaks above the mean value which are responsible for warp breaks. The 

cyclic tension variation plays no useful part in the weaving process and 

any reduction in the size of this variation is advantageous. He discussed 

also the use of a full width temple designed to eliminate the warp tension 

peak occurring at beat-up with subsequent reduction in warp breaks. He 

suggested that many of the warp tension variations can be eliminated by 

designing let-off motions correctly. 

1ý 
I 

2.2.2.2 Weft unwinding tension 

It is essential in the weaving process to maintain a fairly 

strict control over the magnitude of the tension of both the warp and weft 

yarns. Variations in the tensions of either warp or weft threads can and 

do produce faults in the fabric. A comprehensive study by Lawes 3.4 
showed 

that the tension exerted on the weft during weaving has a considerable 

influence on the quality and structure of the woven fabric. 
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2.2.2.2.1 Measurements 

Measurements of weft unwinding tension from pirns in shuttles 

by using the Uster and Shirley mill type meter have become a matter of 

routine testing in many mills and laboratories. These instruments are 

capable of measuring the running tension and its variation from a full 

to anempty pirn when the shuttle is away. from the loom. However, much 

greater problems of effecting tension measurements arise when the measured 

quantity is unwinding tension of the weft while the shuttle is in transit 

through the shed. Especially does this difficulty arise when the loom is 

of a conventional type with a wooden shuttle and when the weft is laid 

virtually continuously between the warp sheet. In weaving where the weft 

trail extends away from the selvedge of the cloth, that is in shuttleless 

loom such as the Sulzer or Rapier weaving machine, the measurements present 

'S 

fewer difficulties. Any standard tension measuring technique which is used 

for measuring the single warp tension can successfully be employed for this 

Purpose, .. This measurement has been carried out by Sahilliogie82 in an 

investigation concerned with the relation between the warp and weft 

tension and cloth cover on the Sulzer weaving machine whereas Kendal 99 

carried out investigation on the tension fluctuation on the Somet Rapier 

loom with different type and size of weft supply packages. There has 

been some experimental work concerned with the measurement of weft 

unwinding tensions in conventional shuttle looms. 

Both Townsend 100 
and 

dreenwood 
and Vaughan 202 

confined their 

attentions to single traverses of the shuttle; the results obtained are 

of considerable interest but the main interest still lies in the measure- 

ment of the variation in tension when the loom is running continously. 

The result obtained by Greenwood and Vaughan is described by ref4vonce-;; - 

t%o Figure 2.8 which shows an ideal form of trace relati. ng unwinding 

týnsion and the angular rotation of the crank-shaft. At the start of the 
I 
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shuttle movement the tension will be very low since the shuttle has to 

travel some distýnce into the shed to take up the length of the yarn 

which was lying between the near selvedge and the shuttle eye. During 

this phase there will be no change in the weft tension as there is no- 

unwinding from the pirn. This is shown by the portion OA in Figure 2. B. 

Then unwinding starts and this is accomplished by a sharp rise in the 

tension shown by the portion AB. The weft tension then fluctuates near 

the maximum value as the weft is unwound in quick succession from the nose 

and shoulder of the pirn during the free flight of the shuttle. The 

average value of the weft tension during this period of free flight of 

the shuttle is termed the "Running tension". Eventually the shuttle 

makes contact with the swell and the tension in the weft starts to fail 

and this continues until the shuttle is at rest in the shuttle box. It 

is not always quite clear whether the tension'is still falling when the 

shed is closed on the weft. The tension in the weft just before the 

crossin& of the shed is called the "Retained Tension", and this-is 

presumably of vital importance in determining the weft way quality of the 

cloth. 

The running tension presumably is a function of the shuttle speed, 

the count of yarn, the design of the pirn and the internal fittings of the 

shuttle, while the retained tension is likely to be a function of the 

running tension, the effectiveness of the checking mechanism, the position 

of the closed shed in the loom cycle, and to some extent on the stress- 

strain properties of the material in the yarn. 

The apparatus designed by Townsend 100 
consisted'of a small cantilever 

unit carrying a pair of wire resistance strain gauges. The unit was placed 

close to the selvedge at the fell of the cloth and was positioned so that 

the path of yarn from the unit to the other box lay clear of the warp 

threads. The yarn from the shuttle. was fastened to a small wire stirrup 
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and the shuttle was placed on the same side of the loom as the canti- 

lever unit. While the shuttle was in transit across the loom the 

tension exerted by the weft created strain in the cantilever, causibg 

changes in the resistance of the strain gauges. These were on a bridge 

circuit and were observed and recorded by an oscilloscope and camera. 

The apparatus designed by Greenwood and Vaughan 101 for their 

I experiments*was almost identical with that of Townsend 100 
except that 

the cantilever unit with wire resistance strain gauges was replaced by 

a Rochelle salt crystal in the form of a thin plate mounted on three 

corners on a solid brass block. The yarn was attached 'to the fourth 

corner with a thin metal strip at right angles to the plane of the 

crystal (F. 2.9 Forces applied to the yarn bent the crystal generating 

electrical charges on the two faces. These were then amplified and 
I 
measured on a bridge circuit and recorded with an oscilloscope and 

camera. 

Townsend 100 
and Greenwood and Vaughan 201 determined the running 

and retained tension on a single traverse where Redozubova 102 
and De 103 

used methods where continuous records on successive picks were made. 

Redozubova 102 
measured the running and retained tension of the weft 

continuously on a loom using leaf springs as a cantilever unit with wire 

resistance strain gauges bonded on its sides. The leaf springs, were 

provided with the equivalent of an eye at their free ends. During the 

shuttle flight through the shed the weft was caught temporarily in the 

eye and reproduced the strain on it on the cantilever. * Tension changes 

were assessed by changes in the resistance of the strain gauges. 

Redozubova. confined his investigation to studying the relationship 

between the weft breaks and the weft tension at the time of the break. 

He found a difference between the number of breaks for two directions 

of the movement of the shuttle and attempts were made to correlate these 
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with the non-symmetrical position of the shuttle eye on the two sides 

of the loom. 

The method used by De 203 
was to insert a device, somewhat similar 

to a selvedge hook, situated just outside the edge of the cloth. The 

weft, during the passage of the shuttle, was caught by the hook, which 

had attached to it a wire strain gauge. There were two of these hooks, 

one on each side of the cloth. Movement of the reed was used to detach 

the weft from the hook after the shuttle had come to rest in the 

shuttle box remote from any particular hook. 

Townsend 200 in his experiment on weft tension in worsted weaving 

used 2/28's Botany wool and arrived at the following conclusions: - 

(a) The unwinding tension is highest at the end of the pirn 

than when the pirn is full. 

(b) The relation betwe-en the running tension and retained tension 

is found to depend on the type of the shuttle eye being used. 

The timing of the loom cycle will influence the extent to 

which cloih faults are produced as a change in the running ten, sion of 

the weft. In the early setting the tension oý the weft when it is 

trapped by the warp will be subsequently different from its running 

tension. 

The cloth Greenwood and Vaughan 102 investigated was an Acetate 

Taffeta with 140 denier Acetate as the weft yarn. They concluded that 

for their particular cloth the retained tension should not fall below 

4 gms. or rise above 8 gms., that is, it must lie within the range of 

0.03 to 0.06 gms. per denier. They also found that a running tension 

between 10 - 30 gms. would yield satisfactory results, but a lower 

running tension would be appropriately accompanied by early setting of 

the closed shed and the higher running tension would be matched by a 

late setting of the closed shed. 
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De 103 
measured the weft tension continuously on a conventional 

loom for both directions of the shuttle flight and found: - 

(a) There is a difference in the values of the running tension 

for the two directions of the shuttle flight, independent of the 

material of the yarn. This occurs as a result of the asymmetric 

position of the shuttle eye, the different shuttle speeds in the two 

directions of movement of the shuttle and the initial pull on the 

different lengths of the weft yarn. 

(b) The running tension has been found to have a marked influence 

on the retained tension. The relation between the running and retained 

tension is a linear one. 

2.2.2.2.2 Factors affecting and control of weft tension 

The tension of weft withdrawn from the shuttle is affected by 

various elements. 

FoqXer 105 demonstrated that the tension in the weft is greatest when 

it is being unwound from the nose of the pirn, that is the siriýller 

diameter$ and least when the weft is being withdrawn from the shoulder 

of the pirn. Since this process in normal weaving is executed in rapid 

sticcession, a repetitive tension cycle is set up. However, this is not 

a tension oscillation of fixed frequency owing to the slight variation 

from place to place in the pirn of the length of yarn from the nose of the 

pirn through the shoulder and back again to the nose. 

The behaviour of the weft can be described by the running tension 

and the retained tension. Consistent control and uniformity of both 

running and retained tensions are therefore thought to be the prerequisite 

of perfect weaving for they are both responsible for better selvedges and 
34 

the structure of the cloth 



95. 

Thomas 205 
, using a method where the shuttle was away from the loom 

and stationary, found: - 

(a) The actual tension in the weft before it is trapped by the 

warp shed will depend not only on the unwinding speed but also on the 

time in the'loom cycle at which the closed shed occurs. The rate at 

which the tension falls must depend, to some extent, on the efficiency 
.', ýIIýII 

of the checking mechanism. 

(b) Provided, for a particular loom, the position of the closed 

shed is not altered and the checking of the shuttle remains the same, 

then it is reasonable to suppose that any variation in the weft tension at 

trapping is of crucial importance and reflects to a large extent on the 
1 -11 drýý I, i -., - 

fabric appearance., 

(c) The. magnitude of the tension when the shuttle is in free flight 

across the loom is determined by the nature of. weft, the internal fittings 

of the shuttle and the speed at which the shuttle is moving. 

(d), The rise in tension towards the end of the pirn is due to the 

licking of'. the pirn by the yarn. When the yarn starts unwinding from the 
, '. ' 'or - -.. "ýý .1 '- 

full pirn the balloon is away from the bare. pirn but as the unwinding 

proceeds the balloon lengthens and there is some. licking of the yarn 

round the pirn at the end of the balloon. As unwinding proceeds further, 

the licking extends over a greater length of the bare pirn and this is 

mainly responsible for the rise in tension. 

(e) It has been found that to reduce this rise in tension it is 

necessary to ensure that the internal shape of the shuttle should be a 

close,;,. it round the nose of the full pirn, but in order to allow for a 

possible misalignment of the pirns in the shuttle lambswool or nylon 
I ". ". - t, -, ,ý 

fur should be used. 

I The results of the experiments"by De 103 revealed that both the 

initial and running tension of the weft in the count range of 12's to 

60's are inversely proportional to the yarn count on the cotton system 
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or directly proportional to the yarn count in the tex units. Both 

the final and initial tensions increase with the increase of shuttle 

eye pressure but the ratio of the initial to the final tension increases 

with the increase of the shuttle eye pressure and decreases with the yarn 

count. This gives a more uniform running tension for the coarser yarns 

at higher shuttle eye plate pressure. 

The position of the closed shed in the loom cycle has some effect 

on the running tension. As the position of the closed shed approaches 

the front centre the running tension tends to assume lower values. 

This reduction is more apparent with coarser yarn. 

The initial and final values of the retained tension increase 

with an increase in yarn count in tex or in denier units. The retained 

tension also increases with the increase in'shuttle eye plate pressure 

and also as the unwinding proceeds giving a higher value when unwinding 

from the base of the pirn. When the position of the closed shed approaches 

the front centre position, the value of the retained tension decreases. 

The position of the closed shed and the running tension are by far the 

most important factors deciding the retained tension for any count of 

yarn. 

2.3 Theories of Cloth Formation 

The need to beat the newly inserted pick of weft to a position 

close to the previous pick is common to all weaving processes. The beat- 

up force or resistance to beat-up is an important parameter in weaving. 

It often determines the maximum tension in the warp, and, by its 

influence on the fell movement, it influences the abrasion of warp threads. 

It may also provoke oscillations of the back rail, cause bending of the 

sley, and where back-lash is present in the mechanism, influence slightly 

the forward position of the reed. 
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2.3.1 Review of theories-and experimental approaches to weaving resistance, 

Three distinct theories have been put forward to account for variations 

in the intensity of the beat-up with the cloth fell position (F. 2.10A). 

The velocity theory 
79 

relates to the fact that the reed velocity 

decreases as the reed approaches its front position. This means that 

N 
the kinetic energy of the sley at the impact of the reed with advance 

of cloth fell is higher and hence the intensity of the beat-up depends 

on the cloth fell distance. The contact theory 206 
suggested that the 

intensity of beat-up depends on the length of the period of contact 

between the reed and the cloth fell. This period in turn depends on the 

cloth fell distance i. e. the advanced fell has a greater contact period 

with the reed. 
47 

Greenwood was the first to attempt formulation of this complex 
I 

relationship. He proposed the 'excess tension' theory in which he 

suggested that the beat-up force R is the excess of warp tension T, 

over fabric t, i. e. 
.1 ension T2 

R=TI-t2.1 
2 

T2, 

This excess can be created only by a displacement of cloth fell during 

beat-up and-this displacement in. turn depends on the cloth fell diptance. 

Assuming that yarns and fabric follow Hooke's law, equation 2.1 can be 

rewritten as: - 

(S -. 
ý)(E +E2.2 2/ 2) 

where', cloth-fe'l'l, distance 

Sý pick spacing, 

EE2= elastic modulus of warp and cloth respectively 

L13, L2= free lengths of the yarn and fabric respectively. 

He did not derive an expression for the beat-up force as a function of 

the pick-spacing but rather assumed an 'inverse distancý equation' to 
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Fabric Yarn 

(a) 

C. F. Reed 

A 

Ll 
(b) 

Reed 

L-L 
x 

C. r 
Reed 

F. C. R. Front centre position of the reed 

C. F., - The cloth fell position is the position of the centre of the 

axis of the last pick it occupies immediately before its advance 

under the impact of the beat-up.. 

LI - The cloth fell distance is the instantaneous perpendicular 

distance between the cloth fell and front position of the reed.. 

L' - Cloth fell distance during beat-up. 
X 

Fig. 2.10A The cloth fell position 

(a) at closed shed 

(b) at open shed' 

(c) during the beat-up 

(d) the reed at the front centre position 



correlate the coefficient of the weaving resistance k, pick spacing S 

and diameter of yarns D, as 

R-k2.3 
S-D 

This equation-is merely the simplest expression which causes R to 

increase as S decreases and R to become very large as S tends to 

equal D. 

From equation (2.1) and (2.3), 

i! = 

k/ (EI /ý + E2 /ý2 )ts2.4 

S-D 

Thus, the weaving resistance R, pick spacing S and the cloth fell 

distance L are related to each other. Greenwood has shown that 

equations (2.1), (2.2) and (2.3) are reasonably true for both the stable 

and unstable weaving condition. 

The general form of the cloth fell equation under bumping 

condition is 

k/(S - D) - To 

El /t 
I-. 

+S2.5 

where T. = basic warp tension. 

Equations(2.4) and (2.5) refer to non-bumping and bumping conditions 

respectively. 

He stated that, under bumping conditions, the elastic modulus of 

the fabric and its free length become unimportant, whereas the warp 

tension acquires an additional importance. Under normal weaving conditions, 

the pick spacing is always equal to the rate of take-up P, and to find 

the correct cloth fell displacement L for a given pick spacing, one needs 

only to substitute P for S in the above equations. 

Stein 73 
, considering the static equilibrium at the fell and the 

components of warp and fabric tensions in. the plane of the fabric, 
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I 

suggested two configurations of pick spacing: M at the i4stant of the 

beat-up (F. 2.10-a), and (ii) immediately after beat-up (F. 2.10-b). He 

stated that these disturbances in pick spacing and weave angles are checked 

within a few picks due to friction and the rate of increase and decrease 

in the weave angle in this phenomenon is a measure of Yarn friction. 

It is apparent, that this phenomenon is more marked with increase 

in sett but it is ult*lmately masked as bumping conditions set in. 

Normal variations in pick spacing and irregularities in spun yarns also 

make a precist study of this problem difficult. 

Chlen Jui-Lung 
107 

ý208 $109 
considered the movement of a pick at 

the beat-up cycle to be similar to the mechanical relaxation oscillations 

constituting two distinct movements, i. e. together with and relative-to 

the warp threads. He states that: - 

Beat-up resistance = Elastic resistance + Static or Dynamic Friction 

Thus in a beat-up cycle, the beat-up resistance is more or less depending 

upon whý#er the movement of a pick is together with (Static friction) or 

relative to (Dynamic friction) the warp threads with the former, the beat- 

up resistance rises sharply with increase in warp tension and hence the 

relative displacement of the pick takes place. This reverses the. cycle, 

because the dynamic friction comes into play and the warp tension drops., 

Thus, the cycle repeats again. He concluded that, due to very high frequency 

of these oscillations of signal of very low magnitude and due to general 

vibrations of the loom, the beat-up forces traces-recorded do not show any 

relative movement of the pick against the warp. 

He stated that the force of frictidn between the warp and the weft 

is a function of normal pressures, angle of contact and coefficient of 

friction between the two. The beat-up force is equal to this frictional 

force and elastic resistance of threads. However, the latter plays a more 
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important part than the former. The beat-up force at any instant is 

utilised in pushing the previous picks which get displaced, along with 

the new incoming pick. He related the beat-up force with various weaves 

and stated that under similar conditions of weaving the beat-up force is 

proportional to the coefficient of equivalent weft density which is the 

ratio of the maximum weft sett for a plain weave fabric to that of the 

weave under consideration. Taking into consideration the various factors 

during weaving, he concluded, 

P- P1 
ct 

(S 
2± 

S5 COSO] (S2 S7 )L 

0t 
2.6 

where, P is the resistance to the beat-up (g/thread) 

P11 is the friction force between the reed and pick,, and the warp 

yarns at the beginning of the beat-up (g/thread) 

S2 is the displacement of , the pick together with the warp yarns 

during the beat-up period (mm) 

S is the extension or reduction in the length of the warp yarns 5 

in the portion between the fell and th e healds caused by the 

opening or closing of the shed during the beat-up period (mm) 

S6 is the sliding of the warp yarns in the heald eyes of the 

deflection of the heald mail over the depth of the loom during 

the beat-up period (mm) 

S7 is the forward or backward displacement of the sley during the 

beat-up period (mm) 

CO is the coefficient of elasticity of the warp (g/mm per metre) 

Ct is the coefficient of elasticity of the cloth (g/mm-per metre) 

LO is the working length of the warp (m) 

Lt is the working length of the cloth (m) 

He recorded the warp and fabric tensions with an oscilloscope and concluded 

that these are highest in the region of the fell due to friction at healds, 



effect of temples, and contraction of the fabric. 

Horn 210 
established an empirical relation between tension at 

beat-up and wool fabric density from the result of dynamic tensions 

recorded on Schwabe , Ruti and Sulzer looms. The correlation Y=P. e Px 

presented by Fig. 2.11 shows that beat-up pressure IYI (at the moment 

of beat-up per metre reed width) with increasing value of IXI (percentage 

of fabric density according to Brierley (section 1.2.2.2.4)) rises 

rapidly, particularly with a high value of x. The value of the constants 

P and p which were determined by the author using Prony's method were 

61.46 and 0.05024 respectively. 

A good deal of detail is being added to the basic accounts of this 

process given earlier by Greenwood, Stein and others. 

II Backman' analysed by assuming Amonton's law of yarn to yarn friction 

to extend the theory for the relationship between beat-up force and loom 

and fabric parameters. He established an equation for weaving resistance 

resulting. from the movement of warp thread during beat-up of the form: - 

G cosa/2 II/ 2'(a + B) 
c 

[c-osot/2 

cfI 

CKI e 

cosV2 2.7 
kkCG 

cosB/2 Ul 2 (a +a) + 
1ý , ýcosa/2 K 

where, P= weaving resistance 

CK, CG= spring constant of warp and fabric 

fk= movement of warp following beat-up 

a, a= interlacing angle and shed angle 

- -v = coefficient of yarn on yýrn friction 

Jederan 222 
considered that during the movement of the weft, beat-up 

is characterised by an increase in warp tension and decrease in cloth 

tension as a result of the constructional resistance of the cloth and the 

frictional resistance. He stated that at beat-up, yarn tension and 
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Fig. 2.11 The correlation of tension ty, (at the moment of 
beat-up per metre reed width) and cloth density 
'Xt for the three types of looms. 
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resistance to beat-up are, in principle, determined by the Constant 

of yarn and fabric elasticity, apart from the basic warp_+47'ýý40n<Po) 

and the coefficient of fabric structure (P), where, 

e 
ll(ao+Al) 

and a= 
cosao 

cosA, 

Assuming the cloth forms a coherent elastic assembly on the loom with 

two springs, C. and C 
23' 

the warp and the fabric respectively, he 

established an equation for weaving resistance (B) of the form 

,P0. 

(CIO +A 
1) 

2.8 
CjL .+c2. 

U((X +A, ) 

where, C= Cl +C 
22 

is the spring constant 

v= coefficient friction 

Q0. . 
.1A1 

shed and warp crossing angle respectively. 

26 
Badve expanded and modified Greenwood'-s theory to account for 

various shed timings and possible shift of the fell due to the shedding 

and the oscillation of the back rail. Assuming the warp and the fabric 

behave as two springs, of different characteristics, arranged in series, 

he established an equation for beat-up force (R) of the form: - 

(x - xl)ý 

L 

[EI E2 

=N- XI) L Cos e, + L IL 21 

where W represents the total fell displacement towards the breast 

2.9 

beam and (xI) represents the displacement of the fell due to shedding, 

oscillation of the back rail and the let-off, during the beat-up period 

but not produced by its direct contact with the reed and he termed it 

'Fictitious fell movement'. When the increase in path length of the 
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warp fabric system due to take-up and let-off are small as compared 

to that due to the shed formation (Y) and the displacement of back 

rail (Z) and cosO = 1, the value xI can be represented as, 

EI /LICOSO .i 
xt =- (Y + Z) 2.10 

2 
E /L cos 0tEL 

11 2/ 2 

where, E1, E2= elastic moduli of the warp and the fabric 

LI, L2= free lengths of the warp and the fabric 

0= half shed angle. 

Thus'(x - xI) represents the actual reed and cloth fell interferenc,: 

and hence the actual elongation of the warp and fabric during the beat-tip, 

and equation 2.9 states beat-up force is the sum of the changes in warp 

and fabric tensions arising from the disturbance of the fell arising from 

the position (fictitious) which it would have had, if the reed were not 

pressing on it, other parameters being unchanged. 

Plate and Hepworth 
124 

established the relation between the beat-up 

force and spacing between the new pick and the last pick in the cloth 

fell. The weaving model chosen was one in which the picks are represented 

by rigid non-compressible cylindrical rods and the warp by non-compressible 

filaments of finite flexural rigidity, a friction law of the form: 

ce 2.11 

being applied where 

F is the frictional drag 

W is the normal load, and 

c and n are the frictional constants. 

They derived two distinct theoretical treatments relating beat-up force 

(B) to the pick spacing (P) at a constant fabric tension (U) when (i) there 

is beat-up with distributed contact between the warp and the new pick 

and (ii) warp touches the new pick at only one point- (F. 2.12, a, b). In both 
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cases, the final tension (P 
F 

), the beat-up force (B). and fabric 

tension (U) are related by the equation: - 

B=PF cosy -U2.12 

where y is the half shed angle. 

This assumption is the equivalent of Greenwood and Cowhig's 'excess 

47 
tension' theory 

In the conclusion to their paper, they stress that the beat-up 

force was calculated onlY as a function of the spacing between the new 

pick being beaten in and the last pick in the cloth fell. If picks slip 

back in the warp after beat-up (and this they undoubtedly do in close 

. 
setts, particularly if early shedding is not arranged), then the final 

pick spacing in the fabric will be greater than the minimum pick spacing 

at beat-up, and the beat-up force for a required pick spacing in the 

fabric will, therefore, be considerably greater than it would be if no 

picks slipped back in the warp. . In a following paper 
225 they discussed 

the effect of this movement of picks in the cloth fell and the effects 

of 
I 
varying several yarn and loom parameters. They stated thaý the 

magnitude of P depends only on parameters such as the fabric tension, 

pick diameter, friction and yarn rigidity, but is independent of P2* 

Furthermore if P2>PI, the final pick spacing in the fabric, then P2 

is directly related to PI but independent of P3 etc. It also follows 

that P, > P2 > P3 > ... Pf (F. 2.13). 

2.3.1.1 Summary and discussion 

Theoretical and experimental results of Stein 
73 

, Plate 
214 115 

Greenwood 
47 

, Chlen Jui-Lung 
107-109 

etc. show that weaving resistance is 

a function of fabric structure, in terms of weft linear density and of 

final warp thread angle in the fabric, for a defined warp sett. 

Plate discussed cases where the contact between the weft and warp 

was distributed (more than one contact point) or at a point (only one 
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contact point). The most important part of Plate's work is the 

procedure to work out the value of the warp thread angle at the moment 

of beat-up; introducing the phenomenon of discontinuity in the relation 

between the weaving resistance and final pick spacing. The discontinuity 

appears at the place where the number of picks which would slip back is 

changed. Plate's procedure to work out the warp thread angle at the 

moment of beat-up, deals only with warp thread angles at the intersection. 

He did not take into account those picks which are not intersected by 

the warp threads. Moreover, the procedure, to estimate the war p stretch 

at-the moment of beat-up, involves only warp thread angle. Plate 

described the weaving resistance in terms of fabric structure and warp 

or fabric tension at the moment of beat-up without taking into account 

warp and fabric elasticity. 

Ito used a similar procedure to that of Plate, but simplified it 

by neglecting warp flexual rigidity, weft elasticity, assuming weft as 

rigid rod, and accepting the simpler and more familiar Amnonton'-s law 

of. friction. He used his own model together with Greenwood's-equation 

to define warp and fabric tension at the moment of beat-up;. estimating 

the warp stretch in fabric direction at the moment of beat-up. Results-. 

obtained by Ito of the weaving resistance had a similar relation with 

final warp thread angle as those of Plate, i. e. the weaving resistance 

is a function of the warp thread angle in the fabric at the moment of 

beat-up. If the warp thread angle changes, its value alters, with 

sudden changes (discontinuities) in terms of the final warp tIL-ead 

angle in the fabric or pick spacing; similarly so does the weaving 

43 resistance. 

Some of the workers concerned themselves with the development of 

beat-up force, the basic requirement for which bad already been poýnted 

out by Greenwood. Greenwood clearly indicated the dependence of the 

cloth fell distance and in turn the warp stretch at the moment of beat-up 
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on the elastic properties of a given fabric. And, in terms of Greenwood's 

definition, the value of basic warp tension varies with cloth fell 

distance. 

Greenwoodts theory, as well as his approach to define fabric and 

warp tension at the moment of beat-up, was used by other workers; among 

122 26 
these were Jederan , Badve and Baclman 

The weaving resistance has also been the subject of research carried 

out by Chlen Jui-Lung. According to his equation, the resistance to 

beat-up rises continuously with final average pick spacing in the fabric. 

It is not quite true-because as was shown later by Plate and Ito, the 

warp thread angle at the moment of beat-up does not increase continuously 

as a function of final pick spacing. The continuity is shown only in the 

rýegion of the unchanged number of picks which would slip back. 

More analytical and experimental approaches to the phenomenon of 
160-263 

weaving resistance have been made by Galuszynski He investigated 

the effect of weft elasticity, warp tension, coefficient of friction yarn 

against yarn, yarn against heald eye 
262 

and different weaves with the 

use of Greenwood's equations and Ito's procýdure. He found very close 

agreement between the theoretical and experimental findings, maximum dis- 

crepancy between the models and experiment was about 15%. He did not 

consider 2/2 twill weave. 

It appears to the writer that the effects on the fabric geometry 

and dynamics of fabric forma7tion of M different let-off mechanisms 

(ii) the beaming process and (iii) weft unwinding tension, have not been 

fully assessed. Moreover the 2/2 twill has been investigated only by 

e experiment 
107-209 

without introducing a theoretical model. 

2.3.2 Measurements of beat-u2 force and cloth fell distance 

The method of measuring the beat-up force, cloth fell distance under 

dynamic conditions of weaving and also of displaying and recording these 

simultaneously and continuously by the different research workers is 
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Fig. Z-13 Forces acting on a warp yarn localized contact with 
pick Iq ditributed contact with pick II and III. This condition can 
only occure if pl> p2 and pI and p represent the final equilibrium 
Position of pickg I and II in -the far&ic after the reed has recedod. 

ILI 
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Greenwood and Vaughan 116 
measured the beat-up force by means of 

a resistance strain gauge fixed on the lower balk bar of the reed. 

The gauge was fixed at the centre of the reed and the lower balk bar 

N. 

with the gauge on it was cemented in the containing groove in the sley, 

leaving a free section near the strain gauge. The strain produced in 

ihis section of the bar under the impact of the beat-up causes a change 

in the electrical resistance of the strain gauge. This resistance was 

measured by means of a D. C. Wheatstone bridge. The out of balance voltage 

of the bridge was fed to the double beam oscilloscope via a pre-amplifier 

(F. 2.14). In order to obtain the position of the reed, they connected the 

sley to the shaft of a 10K ohm potentiometer by a chain kept taut by a 

spring. This method was used by Butler and Cowhig 117 in their study of 

-loom--timing. 
The D. C. output from the potentiometer was fed to one beam 

of the oscilloscope and a continuous record of the sley motion by the side 

of the beat-up force was taken. The calibration of the unit was made by 

shifting the sley in the beat-up region. The strain gauge signal was 

calibrated by using an electronic tensiometer. To measure the'cloth fell 

position, Greenwood_and Vaughan 201 
projecte4 its images along with that 

of a pointer fixed on the breast beam and adjusted to the foremost-position 

of the reed. The distance between the two on the screen was measured 

immediately after the loom was stopped with the cranks at back centre and 

healds fully open. The obvious limitations of this method are that the 

measurements were under static conditions with the healds fully open 

while the beat-up was in a partly open shed, the work being on a silk 

loom. They applied a shedding correction by the shift in the fell when 

40 the healds were closed. This was done on a static loom by rotating the 

shedding tappets. 

Badve 26 
also measured the beat-up force with an electrical resistance 

strain gauge but the sley position indication for the measurements of the 
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cloth fell distance was achieved with a capacity gauge. 

He mounted the strain gauge wires in the grooves cut on the edge of 

the wires of an all metal reed. He displayed both the sley position and 
0 

the beat-up force on a D. C. oscilloscope. The former was in the form of 

a D. C. signal from the proximity meter and the latter as a modulation of 

a, 3 kc/s carrier signal from the strain gauge apparatus. 

Twin parallel 'live' plates, of a variable capacity gauge, were 

mounted in a vertical plane on the breast beam facing the earth plate 

on the sley (F. 2.15). The circuit of a capacity bridge, to convert the 

capacity changes into corresponding voltage variation, Fielden's proximity 

meter, was used to indicate the sley position. 

An electrical correction for the fell displacement due to shedding 

and back rail oscillation during the beat-up was obtained by using a 

potentiometer ýet-up. The signal from the potentiometer unit indicating 

the fictitious fell position was added to in series with the sley signal 

for (x - x') signal or disconnected at the battery to indicate-only 

signal. 

He recorded on an oscilloscope f ilm a signal, indicating the beat-up 

force and obtained from a strain-gauge calibrated reed-wire along with a 

signal representing sley position or cloth fell interference. From these 

displays he measured the beat-up force, cloth fell displacement and cloth 

fell interference. 

A graphical method of calculating the beat-up force, using the cloth 

fell interference and the basic tension values on appropriate grapbs, was 

also suggested to account for the initial non-linear behaviour of the load 

A 
elongation curves. of the yarn and fabric. 

Nyubikovalle measured the beat-up force, the warp tension at the 

back rest, thd cloth tension at the breast beam and recorded the displace- 

ment of the cloth fell as a result of shedding and beat-up. The warp and 
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the fabric tensions and the beat-up force were measured by means of 

resistance strain gauges, a four-channel amplifier and an oscillograph. 

The beat-up force was determined from the reed pressure on the 

cloth fell by means of special strain gauge bars. The cyclic displace- 

ment of the cloth fell was recorded by optical means with an autographic 

instrument and mirror pick-up. 

These parameters were recorded for four different looming-in 

tensions and for fabric with different weft densities, other looming-in 

conditions remaining the same. 

2.3.3 Factors affecting beat-up force, cloth fell dis2lacement and the 

pick spacing 
126 

The results of the experiments by Greenwood and Vaughan revealed 

that warp tension has a small but significant effect on weaving resis- 

tance. For a given warp and weft material, the weaving resistance was 

virtually unaffected by changes in weft denier and pick spacing. as long 

as the weft cover factor remained constant. The cloth fell position under 

non bumping conditions and the elastic modulus of thefabric are mainly 

related to the weft cover factor. They also stated that, under non bumping 

conditions the applied beat-up force is virtually independent of warp 

tension, provided the cloth fell position remains the same. With regard' 

to the problem of making the cloth fell position less critical in its 

effect on pick spacing, the behaviour of the take-up motion and the warp 

beam during beat-up may be important. They also stated that a given 

force applied in beat-up will cause virtually the same pick spacing 

40 irrespective of the nature and the amount of fabric between the cloth 

fell and take-up roller, provided of course that the same warp and weft 

are used. They suggested that the positive take-up motion is only a 

means of controlling the cloth fell position, and that the latter 



determines pick spacing mainly because it determines the force of 

beat-up. 

Variation in the cloth fell position is the most common cause of 

irregular pick spacing and this displacement can oc=r with defective 

let-off or take-up motions or during loom stoppages. Greenwood and 

McLoughlin 229 
proposed a negative beat-up mechanism to prevent these 

'defects by projecting the sley with a constant predetermined energy, 

when from theory, a pick spacing independent of fell position would be 

expected. A machine built to test this principle has been found better 

than the conventional loom with regard to the more serious kind of 

starting places that occur with continuous filament yarns. The sley is 

projected by a spring, the fell position is allowed to vary over a small 

range, no warp-protection motion is needed, and the shuttle boxes are 

stationary. 

117. 

Continuing the studies on'the causes of irregularity of pick spacing, 

Greenwood and Vaughan 120 investigated the effect of weft yarn irregularity 

oxi pick spacing and'weft cover factor and concluded that long-period count 

variations in the weft yarn cause variations in pick spacing which to some 

extent compensate for the effect of yarn irregularity on the weft cover 

factor. The main causes of irregular pick spacing with regular yarns are 

loom defects leading to a variation in the fell position. With regular 

yarns, the uniformity of cover factor is dependent only on the uniformity 

of pick spacing. The variations in pick spacing are mainly due to the 

inability of the cloth fell to adjust itself quickly to a change in 

weft count. They suggested that in designing looms for the weaving of 

le. 
very irregular weft yarn, it is often thought to use a negative take-up 

motion to ensure a uniform density of the fabric. A reasonably uniform 

density fabric can be achieved with a positive take-up motion provided 



that the relation between the cloth fell position and beat-up force is 

such that a given change in the f ell position causes only a small change 

in the beat-up force. 

Badve 26 described the part played by the various operations in 

. 
t. 

the process of the cloth formation and concluded that the pick spacing 

near the fell together with the shed angle at the beat-up, which is a 

N 

fictitious position by an amount which has been termed as the Tell 

Iýterferencel. This changes the warp and the cloth tensions'ty amounts 

.-- -----which -are- dependent on their elastic properties and on the magnitude of 

the basic tension. The magnitude of the beat-up force is, thus, a 

function of the shed timing, determines to what extent the beaten-up 

pick slips back relative to the warp. This slippage together with the 

amount of cloth taken-up per pick largely determines the 'Initial Fell 

Position'. The 'Initial Warp Tension' is set by the weight lever. The 

shed timing and the resultant oscillations of the back rail determine 

the cyclic disturbances from the initial fell position and the initial 

warp tension. These disturbances determine the 'Fictitious Fell 

Position' and the 'Basic Warp Tension'. The advance of the reed during 

beat-up produces a further disiurbance shifting the fell from its 

0 

function of the fell interference, the basic tension and the elastic 

properties of the materials. The beat-up force, together with the shed 

angle at the instant of beat-up, determines either the pick spacing, if 

there is no slipping back of the pick, or alternatively the pick spacing 

achieved further back into the cloth and hence the total amount of pick 

slippage back in the warp, which completes the whole cycle of operation 

of the cloth formation. 

This relationship between the shed and the pick spacing is a 

function of effective coefficient of friction between the yarns. This 

itself probably is a function of the yarn tension. Therefore, with low 
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warp tension, warp crimp is higher which must be deformed during the 

beat-up if the closer pick spacing is to be achieved. This is an 

extension of Stein's 73 
observation (F. 2.10) on the pick spacing. 

He related the warp weave angles at the fell at the instant of and 

immediately after beat-up with the forces developed because of pressure, 

that try to displace the pick in either direction. Thus, if the shed is 

not crossed behind the pick as in the late shed, with the pressure of 

the reed removed, the picks slip at varying rates, back in the warp. 

These picks must be beaten-in again or in fact several times, before 

they settle in at their proper position in the fabric. Obviously, the 

smaller the shed angle at the beat-up, the more this is likely to occur 

and also likely to be more pronounced for pick spacings which are low 

for a given shed angle. This is again a contradiction to Greenwood's 

conclusion on the'pick slippage. He considered that the pick, once 

1ý beaten-in remains in its position and is shifted bodilY along with the 

cloth because of the take-up. However, all these facts are rather 

difficult to establish empirically. 
33 

Chamberlain and Snowden refer to fell displacement or tcreept to 

develop 'bumping' conditions when the load on the weight lever, i. e. the 

means of applying warp tension, is not sufficient to weave the cloth sett 

arranged in the terms of the change wheel in the cloth take-up motion. - 

The fell is creeping and is, therefore, attempting to develop the higher 

beat-up peak tension requirell to insert the required number of picks per 

inch. In another paper 
126 

, discussing some factors influencing the number 

of warp thread breakages in weaving, Snowden gave a table that indicated 

0 that provided the minimum weight-lever loading was arranged to avoid undue 

bumping conditions, the increase of warp tension to the beat-tip peak was 

approximately constant with the increase of weight-lever loading, or 

static warp tension, beyond the minimum. 
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Nyubikova and Gordeev 121 describe the variation of beat-up force 

during the weaving of a 1/4 twill, a five-shaft satin, and a plain weave 

fabric. They arrived at the conclusion that the beat-up force increases 

f as the weft density increases and as the frequency of warp and weft 

crossing increases, i. e. as the weave interlacing is more frequent. 

The'reasons they suggested were that the beat-up process consists of 

an interaction, of the forces of friction between the warp and weft yarns 

combined with the mutual deformation of the yarns of the two systems by 

bending and flattening. The deformation by bending and flattening of the 

yarns of the two systems is more marked in plain fabrics than in sateen 

and twill weaves since the number of yarn interlacings is larger in the 

former. It is evident that in plain weave fabrics the beat-up force is 

influenced by the flattening of the yarns of both systems, which 

increases with the looming-in tension, so that the resistance to beat-up 

also increases. In the case of-sateen and twill weaves the beat-up force 

is probably influenced by the force of friction between the twO--systems 

rather than by yarn deformation by flattening. -The coefficient of friction 

between the warp and weft yarn decreases with an increase in the looming-in 

tension. The weft yarn slides more easily along the warp when the latter 

is taut so that the reed pressure required for placing the pick against 

the cloth fell is smaller. 

Nyubikovalla suggested the movement of the pick along the warp yarns 

at beat-up is facilitated only when the back-rest is raised to a position 

5mm above the breast-beam level. He also stated that a decrease in the 

warp tension causes a considerably larger decrease in the beat-up force 

0 
in fabrics of higher' weft density than in low-density fabrics. Variations 

of the warp tension produce only a negligible change in the beat-up force 

for fabrics with low weft density. 
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Gordeev 222 
stated that the process of beating-up the pick 

is closely associated with the phenomenon of the displacement 

of the fell of the cloth, i. e. the beat-up strips. The principle factors 

influencing the width of the beat-up strip are the beat-up force, the 

additional deformation of the warp and fabric during beat-up, the 

magnitude of the coefficient of stiffness of the warp and fabric in the 

gaiting of the loom and on the ratio between these two coefficients. 

Parfenov 223 
stated that the selection of the beat-up angle (w) 

Q. 

i. e. the angle fomed by the plane of the cloth and the plan of the 

reed at the instant when the reed is in contact with the fell of the 

cloth, should be bastd on the tension of the two parts of the warp 

sheet forming the shed. To decrease the resistance of the fell of the 

/ cloth to the insertion of the pick the beat-up forcemust not coincide 

with the direction of the cloth i. e. w0 90 0 (F. 2.16). 

Resistance to beat-up will decrease if there is a difference in 

the tension of the top and bottom shed and the beat-up force causes the 

pick to slide along the tauter threads line of the shed, the warp ends 

--of the other being deflected slightly. The experiments on a-loom using 

------Aifferppý-beat7pp, 
angles for a plain weave fabric showed that the width 

of the loom state cloth d6creases as the angle decreases from 900 to 860 

but again it increases to a higfier value when the angle decreases*to 740. 

Efremov 224 discusses the movement of cloth fell during shedding, 

derives equations relating to the co-ordinates of the fell with the 

tension of the weft yarn. he considered the influence of such factors 

as the number and position of the heald shafts, the type of weave, warp 

and fabric ptiffness, initial warp tension, coefficient of friction between 

41, 
warp, fabric and loom components, and the diameter of the winding on the 

warp beam and concluded that, 

(a) the position of the fell varies during shedding according to the 

looming-in parameters, the number and disposition of the heald shafts, - 
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the type of weave, the coefficient offriction of the warp yarns and 

cloth on the guide elements, and the radius of the yarn build on the 

warp beam. - 

(b) the various weft yarns in the weave repeat are beaten up into the 

cloth under different conditions. Obviously, here he is suggesting the 

effect of weave, and hence, which heald shafts are raised and which 

lowered, and 
I 

(c) the beat-up conditions of the weft yarn vary with the decrease in 

the diame-Cer of-the yarn build on the warp beam. 

Belyaev 125 investigated the possibilities of reducing the movement 

of the cloth fell and concluded that this movement can be reduced by 

shortening the free length of cloth in loom and this can be achieved by 

the use of a full width temple causing warp take-up to be uniform across 

the whole width. The effect of shortening the cloth becomes much greater 

when the warp tension variation'due to shedding is equalized correctly. 

Observations on the performance of the loom showed that the fell movement 

and warp tension at beat-up are reduced and under these condiiions weft 

skewing decreased and the cover factor of the cloth improved. The cloth 

fell remained horizontal along its entire width, -the fell movement was 

stable and conditions for shuttle flight through the shed were improved. 

Efremov 124 formulated this problem in his theoretical studies and stated 

that if the temple does not cover the whole width or is entirely absent, 

the cloth fell will lie along a curve. 

0 

2.4 Factors Affecting the Dimdnsion of Woven Fabric during the 

Manufacture of Cloth 

The dimensions of cloth pieces in production are generally predicted 

on the basis oý past experience, or, when a completely new structure is 

being produced, they are established by trial. Unexpected variations in 
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processing often do occur, however, causing changes from predicted 

dimensions. These variations could have originated during different 

processing stages by variations in treatment to the fibre throughout 

.. yarn and fabric manufacture, either physical or chemical in nature. 

This section, therefore deals with the research work on cloth 

manufacture with reference to the factors which may cause length and 

width variations. 
I.. 

2.4.1 Yarn processing and storage 

Work was, carried out some years ago by Lawes and Townsend 31 
at the 

Wool Industries Research Association on the effects on cloth shrinkage of 

the storage of tops and rovings. In this work, yarns were spun from the 

same batch of wool, to the same nominal count, under similar conditions 

and then processed into finished fabric. The wool was divided into three 

lots for spinning, the first lot was stored in top and roving forms, the 

second in top, roving, cone and beam forms, while the third lot-was 

prýocessed through to the finished fabric without any break in"the 

processing sequence. Attempts were made to-finish the cloth to the same 

dimensions irrespective of their storage history. This meant that a cloth 

with a smaller natural relaxed width would be stretched more to bring it 

to width and this would appear as a greater shrinkage when the cloths were 

tested for relaxation. 

It was found that, wh; 
'n fully relaxed, the pieces manufactured from 

0 

the wool which was stored during spinning were both narrower and shorter 

than those made from the unstored yarns, although the actual unrelaxed 

finished dimensions were little different. However, these pieces in 

which the yarn was also stored on cone and beam showed little difference 

from those in'which the wool was stored in top and roving form only. It 

was also shown that the storing of tops and roving probably caused a higher 
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temporary set in the resulting yarns which lead to a greater shrinkage 

in finishing when this set was released. 

It follows that any attempt made in finishing to counter shrinkage 

caused by this increased temporary set in the yarn would only result in 

an increased shrinkage in making-up when the strains put into the cloth 

to hold it to a width would be released. If no attempt is made to correct 

the cloth dimensions in finishing, the storage of tops, roving or yarn 

would have little or no effect on the residual relaxation slu, inkage of 

the finished cloth. 

2.4.2 Preparation for weaving I 

The two main operations in this stage of processing are pirn winding 

and beaming and, it is possible that tensions imposed on the yarn during 

these processes can cause differences in cloth width. Foster 105 in his 

paper concluded that the unwinding tensions of pirns was not influenced 

by the original winding tension, contrary to fairly common opinion'that 

thý winding tension was transmitted in some way to the yarn as it unwinds 

---------during weaving. He suggested that a possible source of this opinion above 

may be different contractions in cloth width which were associated with 

difference in winding tension and he states that this effect was brought 

about by the release of a stretch which was temporarily set in the yarn, 

the winding tension determining the degree of stretch and so the extent 

of the width contraction. 

Lawes and Townsend, as outlined in section 2.4.1, found that the 

storing of cones and beams, allowing temporary set to take place, made 
e 

little difference in finished cloth width from that of a cloth which had 

been manufactured from similar yarn which had not been stored. There had 

of course, been storage for the two lots of wool in top and roving form 

which had introduced a degree of temporary set into the fibre. Their 
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paper does not include a comparison for yarns stored and unstored made 

from fibres which had not been previously stored in top and roving form. 

2.4.3 Weaving 

Snowden 72 
observed the decrease in fabric width from that at the 

fell to that at the take-up roller is greater with increased tension of 

warp but picks per inch are not appreciably affected. On removal from 

the loom the relaxation of the fabric was such that the difference in 

width between fabrics woven at high and low warp tension was not so marked, 

and on de-sizing the difference is only slightly evident. He stated that 

relaxation to produce greater width, grey compared with loom state, in 

fabrics woven at higher tension is accompanied by a decrease in the 

fabric length, is shown by the increase of picks per inch in the grey 

fabrics woven with low to high warp tension. There was increase of picks 

per inch in the fabrics woven a: t high warp tension compared with fabrics 

woven at low warp tension when they were de-sized. 

-1- Poole 76 
suggested that the difference found between piece lengths 

-from tbe-same-loom or between the similar loom weaving the same clotlý may 

be due to difference in degree of stretch imposed on the various warp, 

these eventually causing variations in relaxation of the cloth. 

Seth9 I studied the contraction of cloth on the loom from the fell 

0. 

to cloth roller and concluded that the reduction in width of the cloth 

from the warp width in reed increases with the fineness of the weft yarn. 

The average weft crimp values were found to be minimum at the centre 

whereas the crimp at the right hand side of the cloth was slightly greater 

than that at the left hand side. The presence of the minimum amount of 

crimp at the centre of the weft thread may be due to the greater cross-wise 

contraction near the selvedge that at the centre of the cloth. He suggested 

that due to the difference in the values of the retained tension for the two 
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11 

directions of the shuttle flight or the geometry of a pick during 

beat-up may be the factors which have some influence on the difference 

of crimp at the two sides. 

Nordhammar showed, experimentally how the warp modular length 

(S. 2.6.2) of a fabric changed with stress. The effect of a change in 

warp tension, AT 
W 

was (AL 
a 

/L 
a 

VAT 
W=0.2% 

g. 'f. where the tension was 

that applied on single cotton thread and La was the warp modular length; 

this means that differences in warp tension will result in cloths of 

different specifications. 

He also commented that the weft modular length cannot be controlled 

in the loom as easily as the warp modular length. His measurements on 

weft modular length led him to conclude that it was mostly dependent upon 

the width of the warp in the reed and remained reasonably constant for 

any given fabric. The effect of warp tension on weft modular length was 

ten times less than that on warp modular length i. e. (AL 
a 

/% )/ATw -: 0.02% g. f. ' 

The yarn tension in the shuttle, T., was also found to have a comparatively 

small effect on weft modular lengthr (AL,, /L, )/AT, = -0.03% gýf. 

This figure, in an experiment for worsted weaving, was found to be -0.08% 

g. f., indicating that'wool yarn is more sensitive to small tension than 

cotton yarn. He stated that "the amount of warp yarn which goes into the 

fabric for any individual pick depends on the stress and geometrical 

conditions at the moment of beat-up and cannot be controlled instantaneously 

but the average conditions are a function of the loom settings. The primary 

variable is the amount of take-up of the cloth and next to this comes warp 

tension". 

$1 He also showed that one of the effects of increasing the warp modular 

length was to increase the distance between the warp threads for a given 

fabric. His experimental results showed that for an allowance of cloth 

width variation in the order of 1%, no more than 6% variation in warp 
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modular length should occur. He suggested that if the warp modular 

length could be suitably controlled in weaving, and a tolerance limit 

of ±2% in the warp modular length could make saving in yarn costs. 

The manufacturer would not need to make cloth to as great a width as 

at present in order to avoid falling short of the clothiers required 

width. From the experiment relating to warp modular length and warp 

thread spacing, he showed that it was possible to predict the number of 

warp threads necessary to give a required finished width for a fabric 

of known finished warp modular length and warp thread spacing. 

Basu 127 
and Noormahmoodi 22 have expanded the concept of modular 

length W, and thread spacing (P), proposed by Nordhammar to a greater 

extent by establishing general mathematical relationships connecting p 

and L, the effects of some important fabric and yarn specification, on 

the above two parameters. 'Fabrics were woven from a combination of 

three different worsted yarn counts, which could be considered as fine, 

medium and coarse, on a Hattersley standard loom with a positive let-off 

motion. A few basic twills as well as plain weave were woven-with a wide 

range of warp and weft cover. The sample fabrics were examined in Dry, Wet 

and Tumble state condition. The main conclusion. arising from, their study 

was: - 

1. There are very accurate linear relationships between various sets of 

related weft thread spacings (p. ) and the warp modular length (L 
Ca 

) values, 

where each set is for a wide range of weft cover. These sets also include 

fabrics which were woven in highly difficult weaving conditions i. e. 

severely jammed condition and yet almost perfect linearity still exists. 

.4 
-1: 2. The weave structure used had little effect upon the gradient, K, ot 

the line; P. = KLC 
a. 

3., As the weft/warp yarn thickness ratio (yarn balance) decreased then 

K increased. A reduction in warp cover did not change K except to some 



4 

small extent when the cover was well below what would be reasonably 

considered as normal for the fabric structure being used. 

4. Relaxation decreased K but only up to a certain minimum which was 

reached after about 1 hour of tumble drying. After this point K remained 

almost constant. 

The investigation showed that one very important parameter which 

controls fabric dimensions is yarninodular length. As weft yarn modular 

length has been shown to be almost constant with specified reed widtjý, 

it could be concluded that in order to predict accurately the dimensions 

of woven structure then warp modular length L. should be carefully 

controlled. The main finding of the investigation that p. KL 
C. 

may also 

give added reason to say that it is the reliability of warp control (let- 

off) and not so much fabric control (take-up) on the loom, that determines 

how well woven fabrics dimensions are. 

In practical weaving, the amount of take-up generally remains 

so 
constant but the warp tensions vary. Foster has shown in his research 

on-let-off motion that varying tensions are imposed in weaving-by the 

constant changing of the position of the bacý rail, or even through the 

actions of the motions themselves.. 

34 
Lawe s investigated the effect of changes in weft tension on the 

structure Ff the cloth and stated that the property most obviously 

affected by the weft tension is the cloth width, and the closely associated 

in e. p. i. or end spacing, The cloth width and the end spacing are determi ed 

more directly by the tension in the weft at the instant of trapping by the 

warp threads i. e. the retained tension than they are by the running tension 

of the weft. Changes in the retained tension led to changes in the width Lq 

of the cloth of the order of 0.03 to 0.04 percent per grame change in the 

retained tension. The changes can be reduced by increasing the level of 

the retained tension, but the improvement obtainable in practice is small 
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because of the accompanying increase in the running tension which will 

ultimately spoil the edge of the cloth. The changes in the width are 

largely caused by the changes in extension of the weft at the instant 

of shed cross. Uniformity of running, and thereby of retained tensions$ 

throughout the weaving processes is claimed to improve the uniformity of 

cloth width. 

Morriston' 28 discussed practical causes of cloth width variation 

from the weaver's view point. The weaving of cotton and synthetic yarns 

was the main consideration but the points made are obviously also applicable 

to worsted weaving. 

Morriston observed variation in grey cloth width of up to one inch 

occurred within lots of pieces. He noted especially that width variation 

also occurred within the same piece and, that width variation was not 

confined to certain fabrics, weaves or fibres. He said that the amount 

of variation was more in some weaves than others. He also observed an 

effect on cloth widths from changing humidity. He stated that the various 

manufacturing defects which could cause variations in cloth width were: - 

M Worn temple roller and incorrectly fitted temple caps failed to draw 

or hold out the selvedges properly. 

(ii) Variation in shuttle tensioning: - slack tensions cause wider cloth. 

(iii) Covering of the take-up drum: - the smoother the covering, the more 

chance there is of narrowing cloth and the smaller the drum diameter, the 

greater the narrowing. 

(iv) Slippage during take-up causes a tighter weave and hence narrowing 

cloth. 

0 (v) Variation in warp-tension: - greater tension causing narrower cloth. 

Damaged pirns: - small nicks and cracks snub the yarn giving tight 

picks resulting. in narrowing of cloth width and uneven selvedge for part 

of the piece. 
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Although little'data was given by Morriston to support his 

arguments, his article shows the large number of weaving factors which 

cap effect grey piece width during manufacture. If one assumes, however, 

that the loom mechanism and pirns are all in good order, then this 

leaves changes in warp and weft tension as the possible cause of width 

variation. 

Bayes 229 investigated the variability of piece length in woven 

cotton cloth under mill conditions and noted that the looms did not 

weave at constant warp tensions and suggested that some of the variations 

in length must be caused by the setting and action of the let-off motions 

on different looms. He analysed, statistically, the lengths of a large 

number of pieces and attempted to show to what extent the variation 

observed could be attributed to recognisable mechanical defects, particularly 

in the sizing frame. -He found that: - 

(i) The grey piece lengths'became less variable if they were stored. 

(ii) - Piece lengths were more uniform after finishing, but not constant. 

(Iii) The first length of warp which was sized for a beam, i. e. the last 

length to be woven, was on average 0-. 54% longer than the others, 

resulting in longer pieces, because of backlash in the mechanical 

length marking system of the sizing frame at the starting up of 

warping. This latter cause did not, however, account for the total 

amount of variation in piece length. 

2.5 TýeceWidth and Len7-th Variation in Relation to the Clothing Industries 

414 The cost of"cloth wastage from variations in width and length of 

worsted piece and its effect on the clothing industry was discussed by 

Pogsonl. The. investigation included the frequency with which textile 

manufacturers failed to meet specified dimension, the economic effects 

of these variations, in terms of productivity and cloth utilization, the 
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probable causes and means of reducing these variations. Observations 

were made at three large multiple tailoring organisations, and 

sampling took place on about a fifth of the turn-out of about a 

million pieces a year by the worsted industry for apparel use. 

The distribution of the differences between measured and specified 

minimum width (see sectionl-1) is shown in Fig. (2.17). The figure he 

found was that comparatively few pieces have a minimum width below that 

specified but the minimum widths measured exceed those specified by up 

to 3 inches or more. As many as 13% of the pieces have minimum widths 

of 11' inches and above greater than the specified. 

The variation in width along the piece length from the measured 

minimum to the measured maximum was found to be up to two inches, 

average half an inch. He found from the autographic measurement (F. 2.18) 

of finished width that even though pieces are of the same cloth type 

the nature of the width variation down the length changed between pieces. 

It has been suggested that the design and operation of some preparatory 

weaving and finishing machinery may need some investigation ili"this 

--respect, 

The clothiers did not always fully utilise-the extra cloth width. 

The minimum piece width was the only width which could be used as a safe 

basis for garment cutting. His observations showed that one clothier 

appeared to take advantage of only 10% of the extra cloth which was 

available. Another, however, used 80% of it because they had an 

autographic width recording device to tell accurately what the width was 

along the length. 

0 
He showed that saving could be made if inore perfect control was 

possible. On the basis of 11.15p a linear yard he calculated that 

variation in width along the piece length meant that cloth amounting 

to about 1460,000 went into the rag bag as almost valueless waste per annum. 
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He also suggested that large savings are possible, on an annual 

output basis, when only I inch reduction in excess is achieved. The 

average difference in width above that specified was 1.13 inches in 

the typical sample pieces observed and if this could be reduced to one 

or half an inch then cloth savings of 1150,000 and 1780,000 respectively 

are possible. 

On the length variation a large range of finished piece lengths 

were observed, ranging from 50 to 85 yards as against the normally 

accepted 65 to 75 yards range (F. 2.19). About 24 manufacturers had 

been questioned and this showed that the warp piece length varied, 

seventeen using 80 yards, some used 75 yards, three decided to use 

100 yards but some of the 24 used more than one warp length. These 

differences could account for-some of the variation between piece 

lengths. A calculation had been made of saving which might be made 

by increasing piece lengths. It was estimated that if the length 

was increased by only 5 yards there was a potential saving in handling 

cost on the clothing side of about 122,500 a year, and if the length 

went-up- to 100 yards the potential saving could be 1135,000. 

He also calculated that industry would save 8.5 pence per 100 

yards of cloth cut up by using 100 yard pieces in conjunction with their 

'modern' ready-made cutting system and then this would mean a 125,000 

reduction in processing costs. 

The invoiced length recorded by the manufacturer was checked by 

the clothiers on their measuring device. It appeared that the manufacturers 

understated the piece length by about 7 inches on average, the give away 
4q 

figure being about 1250,000. He suggested that control of piece width and 

much greater accuracy of measurement was achieved by the use of an auto- 

graphic width recording device. 
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It should be emphasized that the recommendations 38 

concerning visible faults in cloth destined for use in garment 

manufacturing stated "the tolerance provided for in the text of 

the present draft indicates the limits within which the fault 

does not give rise to any allowance". The tolerance for width 

and length recommended by the International Wool Textile Organisation 

are: - 

(i) No tolerance is specified for any width less than the 

minimum ordered. 

(ii) On the length of each delivered piece a tolerance of -5% 

to +10% is allowed by comparison with the length specified in the 

contract. The tolerance is not applicable to sample pieces. 

(iii) A tolerance of ±5% is allowed per order, with a maximum of 

the equivalent-of half a piece. 

I 

N, 
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2.6 Geometry and Dimensional Stability of Woven Cloth 

Previous research on woven structure is set out in the following 

sections under two main headings: - 

M Fabric geometry, and 

(ii) Dimensional stability, 

where the problems of weavability are examined and suggested models for 

woven fabrics are considered. Ellis and Munden 48 
considered that there 

is a need for thý fundamental knowledge which can help to explain the 

behaviour of fabrics during processing and in end use. They also 

suggested that the technological problems such as control in processing, 

prediction of dimensions and properties can be more readily solved with 

the more rational approach based on research findings. Newer raw 

materials and fabric produced from them need more comprehensive attention 

if the finer tolerances now being demanded are to be achieved. The 

statement in the conclusion of Olofsson's paper 
236 

will amplify the 

above points, 'By analysis of the model, it is possible to disiinguish 

the separate importance of fibre properties, weave construction (yarn 

parameters, thread spacing, modular length, etc. ) and finishing 

(by washing, setting, special chemical treatment, etc. ) on the final 

fabric properties'. In another paper 
153 

, model studies of relationships 

between geometry, fine structure and mechanical properties of worsted 

fabrics, he stated in the introduction that, 'It is quite apparent that 

structure and mechanical properties of textile fabrics are closely 

related'. 

a 

2.6.1 Fabric geometEy 

There has been a considerable amount of investigation carried out 

on woven structure and some of the more important aspects are set out 
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below in four headings: 

(i) Weavability Problems. 

(ii) Purely Geometrical models. 

(iii) Models in which the physical properties of thread have been 

considered. 

(iv) Modular length, the primary factor determining the dimensions 

of the woven fabric. 

2.6.1.1 Weavability problems 

Cloth setting has been studied by various workers and the early 

investigation examined afresh the existing empirical formula and 

suggested improvements for them. 

Early investigators 1 01 la 12 1B involved in the study of cloth 

setting were mýrely concerned with the derivation of some empirical 

formulae from which, knowing the yarn count the maximum weavable threads 

per inch could be obtained. Some of these yarn diameter and cloth 

setting theories, as they were called, were considered in section 1.2.2.2.4. 

It should be appreciated that they are influenced by the loom and weaving 

conditions and only give a. basic and approximate sett. 

Some of the recent workerS6,8,23,24,144,145-147 
. however, studied 

the problem more-critically and were able to suggest new methods for finding 

the maximum number of weavable threads per inch. 

Love 244 
provides some weavability graphs for twill and sateen weaves 

by using Peirce's geometry of'the plain weave 
5. 

He obtained an average yarn diameter for one set of threads from the 

assumption that:! - 

M The yarn compression*in a fabric woven to maximum tightness produces 

a change in the shape of the yarn section but does not affect the 

fibre packing density and; 
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(ii) Complete flattening takes place in that half of the yarn which 

contacts a neighbouring yarn under a single float, i. e. the 

original semicircle of the yarn half-section becomes a rectangle 

after compression. 

Using these assumptions, Love obtained an average diameter for threads in 

the repeat of different weaves. 

As an example, in Fig. (2.20) which is a warp cross-section of a 

3/1 twill weave, the average diameter of the four warP threads shown in 

one repeat of the structure is: 

+88 
ýt Hd. 

) 
t Ld t 

[2d 
t4=0.893d 2 

(12 

482t 
4] 

Using the average warp and weft diameters, he showed curves relating warp 

and weft cover factors at given ratios of weft to warp yarn diameters 

(yarn balance). Fig. (2.20). 

Dicksone and later Hamilton 145 
attempted to assess the validity of 

Love's theoretical weavability graphs in practical weaving of different 

kinds of fibre types. They both concluded that weavability limits 

_---------attainable in 
-normal weaving practice generally fell considerably short 

of Love's theoretical values based on fabric geometry. There were also 

differences between the three-4-harness weaves which indicated that certain 

structure characteristics were not accounted for in assuming no change in 

thread packing density beneath weave floats. There is experimental data 

which shows that packing density does change 
7 

and there is micrographic 

data 6 
on fabric cross-section to show that woven yarn shapes are very 

different from what Love assumed. 
0 

Snowden 13S24 has carried out a considerable study on maximum 

setting theories and gave useful data for determining the maximum picks 

per inch. He stated that fabric geometry such as that given by Peirce 
5 

147 246 
Hamilton and Alford can only be used as a guide by cloth designers 
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and it does not provide an accurate picture of threads as they actually 

are in woven fabrics, particularly at the fell of the cloth during 

weaving which is the important position from the point of view of 

weavability. The cross-sectional microphotographs from Gray's researcjý 

shows that the actual picture of the threads in cloth near the fell are 
7 

55 far away from idealised cross-sectional diagrams . After summarising 

the cloth setting theories commonly used, Snowden suggested that setts 

of woven structures should be determined as the product of the weave 

values and the sett for a plain weave, the limit of the latter depending 

on the type of loom, the warp tension, the shed timing and the position 

of the back rest. The weave values and unbalanced sett and count relation- 

ship were given and their practical applications were discussed. 

2.6.1.2 Models for woven structure 

A number of different mathematical models have been suggested to 

explain the configuration of the threads in a cloth. These models can 

be divided into two main groups: "1" 

Models in which the yarn takes up simple and purely geometrical 

shape in the fabric by assuming that the threads have no elastic 

properties, i. e. the yarns are rigid enough not to be affected by 

the internal stresses of woven fabrics, and; 

(ii) Models in which the yarn's physical and mechanical properties such 

as stiffness, as well as the internal and external forces acting 

upon the yarn and their release due to relaxation, have been taken 

into account. 
a 

2.6.1.2.1 Purely geometrical models 

The geometrical approach by Peirce and Kemp to the geometry of 

the plain weave, followed by the related work of Hamilton who examined 

weaves other than plain, will be considered in this section. 
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2.6.1.2.1.1 Peirce's flexible thread model 

Peirce 5 
was the first to study cloth geometry in any detail. 

He gave detailed mathematical analysis, assuming a thread to be completely 

flexible so that it has no bending stiffness yet rigid enough to give no 

distortion when subjected to the internal stresses of the woven fabric. 

These assumptions gave circular cross-sections of the arn and the yarn y 

path made of a circular arc where crossing yarns are in contact and between 

these circular portions the yarns are assumed to be straight as in Fig. (2.21). 
i 

Peirce derived seven equations from this configuration using the 

eleven variables, taking D, the sum of the two diameters as a scale unit: 
L 

CJL =I-1 (2.13) P2 

p2 (LI - DO 
I cose 

I- 
+ DsinO 

I 

h- DO sinO t D(l - cOsO, ) 

DdI+d2hI+h2 

(2.14) 

(2.15) 

Each of the first three equations is duplicated with subscript 1 instead 

of 2 and vice-versa. 

The parameter 0, which is very difficult to measure, makes it 

inconvehient to use the above equations, Peirce thus gave tables and 

details of a mechanical device to facilitate their solution. By assuming 

that 0 is small and P2=L, he suggested the following approximations: 

4/3 P /C- 
21 

FC = 0.550 (radian) 

4 

or e (degrees) = 104rC 

4h 
which has later been changed to 

(2.16) 

(2.17) 

(2.17 
. 1) 

0 (degrees) = 106FC (2.17.2) 
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Fig. 2.21 Peirce's Plexible thread model. 

41 
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The assumption that threads are circular is rarely valid in 

practice, i. e. distortion does occur to a yarn section in the woven 

state; Peirce realised this and modified his model so that the threads 

have elliptic cross-sections with an area of 7rab 
, where a and b are 4 

major and minor axes respectively. He further assumed that after flat- 

tening, the specific volume of the yarn remained the same so that the 

area of cross-section could be taken as: 

7rab 
- 

7rd 
2 

44 

Peirce obtained from this equation a distortion factor e= VIE-/a, with 

which to multiply the undistorted yarn diameter and obtain a more 

realistic reduced diameter b where b= ed. A more realistic and practical 

use of his geometrical model_could be made with this reduced diameter: 

the introduction of elliptic functions, however, would have complicated 

the mathematics so much that the practical usefulness of his model would 

have been restricted. 

I LI, 

------2.6.1.2.1.2 Kemp's "Race-Track" yarn cross-section theory 

Kemp 7 
suggested an easier mathematical way, than that'of 

using elliptical functions, ' by allowing for yarn flattening by means of a 

special yarn cross-section. This had a rectangle with a semi-circle at 

each end (Fig. (2.22)) and the shape was termed the "race-track" cross- 

section and used as a basis for an extension of Peirce's theory to a more 

general case of non circular threads. 

A 
The horizontal and vertical diameters of the threads are denoted by 

a and b respectively; the scale unit B is equal to the sum of the 

vertical diameters. 

+b2=h, +h 
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Fig. 2.22 Kemp's race-track thread model, 
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In the race-track section the part between A and B is identical 

to Peirce's diagram for circular section. Peirce's formulae and tables 

of functions may, therefore, be used for this part of the cross-section. 

The equations below are the relationships between the variables PI, L', 

C' of the circular thread and structural parameters P, L and C of the 

race-track section: 

PI=p-(a2b 
21 2 2) 

L (a2 - 
b2 

(2 " 19) 

(2.20) 

C' = (L' P2')/P2' = Cl p2 /1 P2 
- (a2 -b (2.21) 

1 IL 2)1 

Similarly, for PI I and I LI C2* 
15 2 

Thus, if the term (a -b). is known, PI, L,, can be easily calculated 2222, 
C, 

from the structural particular P2, LI and C1; similarly a knowledge of 

(a b) is required for the calculation of Pt, L' and, C21. Using the 12 

approximation h =4/3 P; /C-, equation (2.16), from the circular thread 2 

theory, and equations (2.18), (2.19), (2.21), the following relationship 

*I I'll is obtained: 

I+b2= 
4/3v'CIP 2 

[P 
2- 

(a2 -b2+ 4/3v4C 2PI 
[P 

3- 
(a 

I-bI 
)r (2.22) 

Kemp defined the thread flatteni ng coefficient as e= 
11 

and not e 
a 

as with Peirce, and took d as the diameter of the circular thread of 

equal area to his race-track section, so that it can easily he shown that: 

4 'l 
+L 

L- 
7r e 

41 and 

(2.23) 

a-b=d e)/el/[-i 
e+ df (e) say, (2.24) 

e ?r 
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Then, equation (2.22) can be more conveniently written as: 

4 ---PIL [ P, d2 f (e., cp f(e +4 
. 
rC 

2 
ý1 P2 [2- d2 

2)]3 

Combining equations (2.23) and (2.25) 

d+d2 

e, )F 
4e2 + 
ir 

/Tl 
+ 

7r lFe 

11 11 

2 

(2.25) 1 

This equation contains the unknowns d,, d 
29- e1 and e2. Kemp assumed that 

dI and d2 could be accurately estimated from weft and warp counts so that 

in special cases i. e. e. =. e2 or eI (or e2)=1; the two variables e. and 

e2 could be reduced to one and the equation solved for e. He also 

suggested that, in such cases, a graphical method of solving the equation 

for e may be adopted. 
I 

b+b=I v/C P [P -df (e ) I' +Lf- 
123122223 

VC2p2[pl 

To obtain the value of d, from the yarn count, a value for yarn 

specific volume v must be assumed and Kemp stressed how the values of e 

obtained were critically dependent on the value assumed for v. 

2.6.1.2.1.3 Hamilton's general system of woven fabric geometry 

The race-track theory was applied more widely by Hamilton 245 
9 

4 

who used it for weaves other than plain. He also described a direct 

method of measuring the major and minor yarn diameters under a range of 

248 

compressions'along the two axes . The apparatus used for this measure- 

ment is called the Bocking Yarn Geometer, Fig. (2.23), and the use of it 

allows the direct measurement of effective yarn diameter to be made 

without a knowledge of yarn specific volume. 
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Yarn from Yarn from 

tension feed tension feed 

Traversing pulley 
Y r'ýtatinary 

(traversed in step with coil build-up) pulley 

Winding angle (0) Tan-' (OX10Y) 12 ft. 
12 In. 

0 

0', 'X Coil build-up X 0, 
C9,1. 

L, 

...... Winding spindle 'Winding spindle 
Traverse lag (OX) 

Present method (I! ) Original method 

71-1-11,777 11T. ' 

(i) Normal winding (ii) High winding tension and large 

conditions winding angle 

Fig. 2,23 Bockinc yarn Geometer, a direct method of measuring 

-the major and minor yarn diameter. 
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For weaves other than plain, Hamilton considered two types of 

thread spacings p, and pI, the former being the distance between threads 

separated by weave intersection and the latter the distance between 

threads lying together beneath weave floats. He considered p, >pf and 

assumed pf to vary within a weave repeat and p, to be a constant given by: 

nf 
pr Pf 

P, 
nr 

(2.26) 

i 

where nf and n, are the number of float units and weave units respectively 

and p is the space occupied by weave repeat as a whole. These parameters r 

are shown in Figs. (2.24) and (2.25) for plain and twill weaves, respectively, 

and p, can easily be determined if they are known. 

Hamilton considered the-various geometrical forms (i. e. different 

setts and weaves) as regards pf values and concluded with the following 

summary: 

41 

2/ 2 twill low sett fabrics Pf >a 

2/2 twill medium sett fabrics pf=a 

2/2 twill high sett . Pf =a 

3/1 twill pf=a-O. lb 

2/2 matt pf=a-0.215b 

He also looked at the question of limiting geometry and concluded that 

the reasonable condition is where p, is a minimum at YrB7"---h-r + (a - b) 

and pf = a. At closer settings than this, thread distortion must occur 

and limiting geometry is not appropriate. 

For the jammed condition: - 

P, 
F2 

- 
h2 + (a -. b) (2.27) 

and for the partial geometry of the intersection unit: - 

pit =p- (a - b), i. e. equation (2.19) 
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and from equation (2.27) 

ý/B2 - 

Hence, as B=hI+h2 then: - 

(p 1 
=P21 1 pt 

B2B2 

Equation (2.29) can be used, for the jammed condition, to calculate 

the maximum number of picks per inch that can be woven into a cloth 

(2.28) 

(2.29) 

given the ends per inch and major and minor Yarn diameters, or vice versa, 

if the picks per inch are given then the ends per inch can be calculated. 

From equation (2.29) Hamilton computed curves for calculating the 

maximum fabric cover factors given yarn balance (R) and fabric balance 

(so as shown in Fig. (2-26). - 

11 Hamilton'then dealt with the measurement of fabric tightness (T 
f) 

in terms of the partial. intersection geometry by expressing fabric cover 

factor (KI + KI ) as a percentage of the corresponding limiting value i1 12 

obtained from Fig. (2.26). 

(KIIIL + K, 1 actual 
T- 

12 
x 100 (2.30) 

K+K' 
12 

liMit, 

He suggested finally that this parameter may be used to compare the tight- 

ness of fabrics with different weaves on a quantitative basis. This was 

considered to be a useful practical application since several important 

fabric properties depend upon structural tightness. 

2.6.1.3 Models in whichthe Rhysical properties of the threads have 

been considered 

In this section the work of Peirce and olofsson will be considered, 

the former assumed only internal stresses acting upon the threads in the 

system and the latter studied the case where additional small-order 

horizontal stresses are also applied. 
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2.6.1.3.1 Peirce's elastic thread model 

In Peirce's 5 
elastic thread model the configuration of the 

yarn in the fabric is determined only in terms of yarn flexural rigidity, 

m, assumed to be constant at all points, and a vertical force, 2V, 

acting at the point of contact between the two threads in the system 

(F. 2-27), the curvature at any point is assumed to be proportional to 

the bending moment at that point, because the yarns are supposed to be 

thin and perfectly elastic. 

In this figure, a point on the yarn axis has the co-ordinates 

(x, y) if the point of inflection, 0, is taken as origin. The distance 

along the yarn axis from 0 is S and the angle of the yarn axis with the 

horizontal i, and i=6 at 0. The radius of curvature at any point is 

Rc. The shape of the yarn axis will then be given by the equation: - 

Vx =m 
di 1 (2.31) 
ds R 

c 

By writing ds = 
dx 

, equation (2.31) becomes: 
cosi 

mcosi di =- Vx. dx 

and integrating: 

(2.31a) 

V2 
sx sinO - sini (2.32) 

Hence the horizontal displacement of any point from the origin, 0, is 

given by, 

Xv (sinO sini) (2.33) 

f 

Similarly, by taking dy = ds sini, and integrating with respect to y 

404 and s respectively, the vertical displacement and the length of the 

yarn axis from 0 is given by: 
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Fig. 2.27 Peirce's Elastic thread model* 

4 
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X. 
i ir 

2 dx 
22 Kýsin2xdx 

1 

ZI-- K2 s in2 x10 

'0 dx jx, y 

2-+ 
2f 

'x 0 
vfl - Ký sin2 xdx (2.34) 

X-0 
v*'l -Ks in 

X-0 

and 

i. X. xl dx 
S= 

/av 2 dx 
-- 

1 
(2.35) 

.0 
vfl - K2sin7-x 

X-o 
A- K2 s in2 x 

1- 

these equations can be written as 

A 
RF - 2E - F(X) t 2EWI (2.36) 

and 

S EL [F - FWJ (2.37) 
A-vn 

where r and F(x) are the complete and incomplete elliptic integrals of 

the first kind, and E and E(x) are the complete and incomplete elliptic 

integrals of the second kind. Their modulus is, 

i 
sinj§ and sin x sin 

'+- 
24k 

L2 
'H41 

The parameters at the apex, A, where x 
L, 

y 
h, 

SL and i 
222 

are of special interest. 

Hence, from equation (2.33) 

/ý8VE sinO (2.38) 

From equations (2.36) and (2.3b) 

h=r- 2E - r(x) + 2E(X) (2.39) 
p r2 s -in 0 
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From equations (2.37) and (2.38) 

E=F-FW (2.40) 
p r2-sinO 

and from equations (2.39) and (2.40) 

h=F- 2E - F(x) + 2E(x) 
LF- F(x) 

The equations (2.39) and (2.40) are in terms of 0 only, which is 

difficult to measure directly. Therefore, Peirce again suggested the 

use of approximations which were given in Section 2.6.1.2.1.1, i. e. 

equations (2.16) and (2.17). 

In the absence of tension and pressure, Peirce considered that 

the vertical forces in warp and weft threads must balance, i. e. VI=V2 

whence the balance is given Ny: 

sine 
p2 

p 
(2.42) 

sinO 2= 

Fl- .I 

Since 0 is proportional to rC, this equation can be expressed in the 

following form which, is suitable for fabric analysis: 

4' V- cp M2 
12 

M2 

1]2 

(2.. 43) 
c21.1,1 

] 

1_ 

As already mentioned, point contact is assumed for elastic thread models. 

It is clearly obvious, however, that most yarns would flatten when woven, 

and thus have a contact length rather than a point at the cross-over 

10 region. Peirce 5, Grosberg 151 
and Park3L 52 have attempted to add further 

information to the analysis to make it more realistic. The last 

examined inter-yarn pressure distribution, using Hertz's relationship 

for two isotropic bodies pressed together. ror yarn bent around a straight 

yarn, the elliptical contact region has the force distributed over it and 
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the pressure distribution is given by: 

V(X, Y) 
3V x2- Y2 

(2.44) 
4r 22 r. rb 

The ellipse is taken for dimensions x and y, axes in the thread 

directions, with or 

and minor diameters 
rb 

Between limits 
a 

igin at the ellipse centre. The ellipse's semi-major 

r. and rb are in x and y directions respectively. 

integration for y in the equation above 

2 
3V 

v (X) =1 8r 
r 

21 
(2.45) 

if r is v 
where S' is inter-yarn contact length, then the equation for 2 

V is obtained (2.46) as for the case of a uniform force distribution so 

that 

8m sinO rst 
V=-1i. (2.46) 

2 0.35 p -P 

[P) 

and this is similar to that of Grosberg. 

2.6.1.3.2 Olofsson's 'general model of a fabric as a geometric 

mechanical structure' 
253 

Olofsson considered a perfectly elastic thread which was 

acted upon by horizontal and vertical forces P and 2Q (Fig. 2.28) at the 

apex. He found that the shape of the elastica is only dependent on the 

weave angle 0 and the ratio of the two forces Q/P = tana. The dependence 

on Q/P, for a given weave angle was found not to be very significant and, 

therefore, Olofsson suggested the following simplified equations when 

Q/P 0 could be taken to apply for all values of Q/P: 

L F(x) 
F 2E(x) ': -FF(-x) (2.47) 
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I..... 

Fig, 2 ! A28 OlOffson's goneral. model of a fabrio 

41 
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and 

h 2x (2.48) 
p 2ETZ - F(x) 

where x= sinO /2 and F(x) and E(x) are the complete elliptic 
MM 

integrals of the first and second kind of the following forms 

respectively 

ir 

F 
dý 

T 

Vfl - X2 
0 sin 

Tr 
F 

xý siiFý-# 

Olofsson also assumed that the curvature at any point on the yarn axis 

in the release state, i. e. outside the fabric 
dO 

r is related to the dS 
r d6o 

curvature in the stressed state, i. e. inside the fabric dS 
0 

Thus he introduced a proportionality constant (1 + R) by the 

following relationship and called it 'form factor'. 

dO de 
r (1 + R) 0 (2.52) 

dS 
r 

dSO 

The mathematical derivation of this 'form factor' will be considered in 

detail in Section 2.6.2.2.7. 

Olofsson obtained equations (2.47) and (2.48) from: 

2F Y)F 
B 

4FR sin(0/2) 
B 

P= 
2(2E - T)FR 

B 

(2.49) 

t 

where B =- 
jp-2 -+Q2 

and EI is the yarn's bending stiffness. EbIb 
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2.6.1.4 Summary and discussion 

The previously described models, which consider the configuration 

of the yarn in the fabric have been revised and to some extent analysed. 

There are differences between purely geometrical models, such as 

Peirce's flexible thread and Kemp's 'race-track' models, and the elastic 

thread models of Peirce and Olofsson. In these latter the threads can 

undergo appreciable bending because of their elasticity whereas in the 

fo rmqrthe threads are perfectly flexible. 

Peirce in his elastic thread model considered the fabric when no 

external force is applied to it but Olofsson has dealt with the fabric 

when it is under low stress external forces parallel and normal to the 

cloth plan at the warp and weft cross-over points. The latter has also 

suggested how set has to be considered with the fabric as an elastica 

because textile materials do not always have fixed properties and has 

introduced the term form factor. 

In order to investigate the validity of mathematical models in 
A 49 254 

predicting the various geometrical parameters. in actual fabrics Ellis ' 

---. -has measured-a, -b, P,, h, L, t and 6 for sonie square'and non-square plain 

fabrics with different cover fa ctors and at different states of relaxation. 

These measurements were compared with values obtained from two models 

suggested by Peirce and the twin arc model. He found that changes occur 

in parameters due to the different states of relaxation and cover factor. 

A summary of his main findings is given below: 

i) The parimeters a, b, t, h and 0 generally increased in value, at 

each particular cover factor, as relaxation increased. At each 
0 

state of relaxation their value also increased as cover factor 

decreased, except for e which decreased, and for where there was no 

marked correlation. 
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ii) The value of yarn diameter increased with increase in 

relaxation and decreased with increase in cover factor. 

iii) Peirce's flattening coefficient, e, was not constant but it 

generally decreased with increasing cover factor and increased 

as relaxation increased. The value of e, also, changed 

considerably with the fibre type and yarn twist factor. 

It was also found that the dry relaxed results generally 

supported the elastic thread model with the tumble-relaxed points nearest 

to the 'twin arc' model. The wet-relaxed points tended to be spread 

between the two curves. The overall results showed that Peirce's elastic 

thread gave the best agreement. This could be expected because in this 

model the shape of yarn is determined by some of its physical and mechanical 

properties in the cloth rather than relying solely on some arbitrary 

geometrical shapes. 

I 

a 
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2.6.2 Modular length 

Nordhammar 3 
was probably the first to introduce the concept of 

'modular length' into weaving, expressing it as the average length of yarn 

between two adjacent threads. He stated that modular length is the only 

parameter, besides the quality of yarn and the type of pattern, which 

form a bases for the specification of the woven-fabric and for adjustment 

of the loom. The modular length of woven fabric is analogous to the 

'loop length' of the knitted structure, in so far as it is the average 

length of yarn making up the basic unit of fabric. He pointed out that 

the fabric is not really composed of units of modular length but rather 

of repeated patterns i. e. twills with different modular lengths in a 

repeat. It is more convenient, however, to use modular length because 

it is directly related to the thread spacing by the conventional 

definition of. crimp (= 2.13) and because fabrics with approximately the 
11 

same density but of differentweave have modular lengths of the tame order 

and are thus easier to compare. Modular length is dependent on the 

stress condition of the yarn and for comparisons between fabrics it 

- --should-be- measured in the same stress state. For it to be reproducible 

this should be preferably a relaxed state. 

2.6.2.1 Producing thecorrect modular length 

It is the weaving department's responsibility to ensure that the 

required modular length is obtained as there are no means of correcting 

it in subsequent operations. 

d 
It is true that the fabric width and length can be brought to the 

required specification in the finishing operations but then the crimp 

and the equilibrium dimensions become different from those intended. 

In order to obtain a constant average warp modular length, there 

must be a constant average length of warp fed into the fabric for each 
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pick, so that'a truly positive let-off motion for the warp beam should 

be the best way of achieving this aim. Most loons, however, do not yet 

have this special type of let-off where the yarn itself is gripped 

between feed rollers or held firmly on a rotating friction surface. 

Irl the present thesis, however, a type of truly positive let-off, still 

in the research state, will be used for producing the fabric to assess 

its function of controlling the cloth dimension. 

Nordhammar stated that the amount of warp yarn which goes into the 

fabric for any individual pick depends on the stress and geometrical 

conditions at the moment of beat up and cannot be controlled instantaneously, 

but the average conditions are a function of the loom setting. He also 

stated that the primary variable is the amount of fabric taken up and 

then there is the question of-warp tension. Nordhammar showed the effect 

of warp tension on warp and weft'modular length and weft tension on the 

latter; for a cotton fabric in Fig. (2.29) the warp tension was changed 

between about 20 and 60 gf. per thread. 

.1 Nordhammar suggested that by using a diagram similar to Fig. (2.30) 

the weaver will be helped in choosing propei, weaving conditions for 

the modular length required. The latter will also need to be checked 

and for this he recommended the use of an instrument on the loom (Fig. 

(2.30)) for measuring the modular length. The instrument is rather a 

warp let-off meter than a meter of modular length because no account is 

taken of the stress condition of the yarn. The number of picks is 

registered by an electrical counter which receives counting pulses 

from a battery and a micro-switch. The switch is operated from the 
0 

moving slay of the loom. The influence of varying warp tension is 

reduced by placing the measuring wheel as far as possible from the 

point of let-off of the warp. 
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Fig. 2.30 (a) Schematic drawing showing the arrangement of 

the TEPO warp let-off meter 

(b) principle of wiring diagram 
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2.6.2.2 Measurement of modular length 

The measurement of the modular length involves measuring the 

straight length of a wavy thread which is cut out from between the 

two marker threads or from a known fabric length, and dividing the 

obtained value by the relevant number of thread spacings. 

The procedure for measuring the true or natural straight length 

bf a crimped thread however, can always be a matter of argument and 

poses considerable difficulties. A number of different methods have 

been suggested for measuring the modular length and some of them are 

set out below. 

2.6.2.2.1 B. S. I. method 

The method recommended by the British Standards Institution 

(B. S. I. )4 involves the measurement of the length of yarn specimen on 
N 

the Shirley crimp tester under sufficient tension to straighten out 

the crimp. The B. S. I. method includes a table of recommended tensions, 

wýich vary according to the nature and-linear density of the"y'arn but 

does not take into account the stress state of the fabric and individual 

yarn properties. The formulae for calculating the tension used on the 

crimp tester are . given in Table (2.1) and the relationships are plotted 

in Fig. (2.31). 

An earlier recommendation, given by Pierce 5. 
also relates the 

tension (t ) directly to the count of the yarn, which may be written: 
Y 

t 0.78tex 
y 

0 
This is in close agreement with the B. S. I. recommendation for cotton 

yarns of low linear density, but the differences for tex > 70 are 

considerable. ' 
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Table '2.1 

Yarn Count (tex) Tension (g) 

Cotton 7.0 tex or finer 0.75 tex 

coarser than 7.0 tex 0.2 tex +4 

Woollen and 15 60 tex 0.2 tex +4 
Worsted 

61 300 tex 0.07 tex + 12 

Man-Made All 0.5 tex 
Continuous 
Filaments 



i 
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Fig. 2.31 Recommended tensions for crimp tests. 
(B. S. 2863) 
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2'. 6.2.2.2 Nordhammar's method 

Nordhammar 3 
represented the crimp thread by two cascaded 

springs, one of which is non linear and corresponds to the spring 

effect of the wavy shape of the yarn, the other being approximately 

linear and representing the elastic properties of a straight piece of 

yarn. The load elongation curves for these springs are given in Fig. 

(2.32). With the two springs being loaded simultaneously the elongation 

c, is obtained for the load PI which should thus'be applied to the yarn 

to get its true straightened length. Nordhamýar has stressed this 

difficulty of deciding the correct load, P1, for measuring the true 

length of the yarn. He stated, however'. that this load is unknown if 

no diagram is taken or the linear spring is not really linear and no 

other characteristics of it are known. 

Nordhammpr has described an apparatus (F. 2.33) with which a 

length of yarn straightened under a standard load can be measured 

rapidly. The piece of yarn to be tested is inserted in the clamps A 

and B and the latter is driven by the motor C and the screw D"at a 

speed of-1.5 mm/sec., whilst the former is connected to flat spring E. 

When the motor has been started manually, the yarn is pulled by the 

clamp B and loaded by the spring E. The deviation of the spring is 

small compared with the movement of B, so the rate of extension can be 

considered constant. The apparatus is adjusted in such a way that a 

switch F is operated when the yarn has been loaded. with the desired 

force. The movement of B is registered by. an electric counter G, 

operated by a cam on the motor shaft. When the switch F is operated 

the circuit to the counter is broken and simultaneously the motor is 

reversed and the clamp B goes back to the starting position. The 

apparatus after starting needs no supervision during the run of the 

test. The counter is normally set to zero before a new run is started. 
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The standard deviation of length between consecutive threads of the 

same fabric is about 1 mn when the gauge length is 30 cm. Precautions 

must be taken during the insertion of the thread into the clamps, so 

that the amount of yarn between them can always be related to the 

number of intersecting threads that were in the fabric. 

2.6.2.2.3 Ellis's method 

49 
Ellis initially used a more accurate method which has been 

suggested previously for determining the appropriate tension to remove C2 

crimp from a yarn'is to use the actual experimental load-extension 

characteristic of the crimp yarns being examined, e. g. OBC in Fig. 2.34. 

If the straight line part of the curve is produced back to intersect 

the vertical axis, then the load (F) to give this length (E) is 

\. appropriate for use with the crimp tester. This load caould be 

considered to be the load necessary to remove the woven crimp from the 

yarn without causing any undue yarn extension. For this to apply it 

has to be assumed that the modulus of the yarn was constant from zero 

lo ad up t0 the value -of 
F. 

Ellis, however, showed that the stress strain relationship for a 

yarn was not completely linear, as it was assumed in Fig. (2.34) for 

the line CBD, but that the modulus of the yarn was much lower at the 

initial eýctension. Consequently, the load found for use at the crimý 

tester would in fact extend the straightened yarn by a small percentage 

amount. This was particularly true for lower sett cloths, since when 

4S 
relaxed, there would be little or no load on the woven yarns and they 

would also tend to be bulked and have an even lower initial modulus so 

that the values of modular length measured on the crimp tester would 

exceed their true values in the cloth. 

I 

From the examination of experimental results for cross-sectional 



F 

Load 

Fir,. 
_2#34 

Load exteLion characteristic of*crimp yarn 
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area of the woven threads of the various square sett cloths, made 

identical except for cover, he hoted that the area decreased as the sett 

increased. This was attributed to an increase in tension of the woven 

yarn as sett increased. To verify this, the effect of load on 

uncrimped yarn diameter was investigated by using a crimp tester and 

loading the yarn at different tensions. The result showed clearly that 

cross-sectional area of the yarns decreased as the load on them increased. 

It was then assumed that the area of cross-section of the yarn can be 

used to predict the longitudinal stress on the yarn. By this assumption 

he used the cross-sectional area, which was measured by microscope, to 

predict the yarn stress and hence the degree of extension of that yarn 

compared with its length under zero load. If Lw is the percentage 

extension of the woven yarns in the fabric, and LC is the percentage 

extension of t4e yarn under the crimp tester loading, then the corrected 

value of modular length LW wasfound from the crimp tester value of 

modular length Lc using the following formula: 

loo +L 
LwLc 70--o 

+ 
L- 

-- --The investigation showed that there are two other most important 

variables which should be. cqnsidered if a reliable woven modular length 

is needed, namely the cover factor of the fabric and its state of 

relaxation. In Table (2.2). the correction factor with which to multiply 

LC for a number of plain square weave fabrics woven from wool/courtelle 

fibre together with cloth sett and relaxation, is reproduced from 

Ellis's work 
49 

. The yarn used in the experiment was 160 tex (10.1 Y-S-W-)- 

2.6.2.2.4 The 
. 

projection method of Clulow and Taylor 

In a study on the "Biaxial Stress-Strain Relations in Plain- 

Weave Fabrics", Clulow and Taylor 256 
measured the yarn extension occurring 
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Table 2.2 - The Correction Factor for LC to Lw 

Percentage Correction Factor for L 
Nominal of C 

Cloth Calculated 
Sett Maximum Dry Wet Tumble 

Threads/in I. L. S. 
relaxed relaxed relaxed 

8 34.6 
102.82 101.8 100.0 

'100.0 
. 
102.1 102.1 103.1 109.2 

11 46.3 
102.9 101.24 100.8 104.1 
102.1 102.1 103.1 109.2 

12 52.8 102.86 101.44 102.08 104.8 
102.1 102.1 103.1 109.2 

13 55.6 103.0 101.66 102.44 106.4 
102.1 102.1 103.1 109.2 

15 62.7 102.94 101.72 102.36 106.2 
102.1 102.1 103.1 109.2 

16 68 5 
103.04 101.80 102.72 106.8 

. 102.1 102.1 103.1 109.2 

18 77.0 
.' 

102.96 102.16 103.0 108.1 
102.1 102.1 103.1 109.2 
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4 

during the loading cycle; crimp yarn load-extension curves were 

obtained for the lst and 10th cycles on the Cambridge Textile Extensometer. 

The yarns were cycled under a constant rate of loading approximately 

equal to that applied to the cloth. The initial specimen length was 

20 cm and twenty yarn specimens were tested in each direction in order 

to obtain the average load-extension curve. The yarn load-extension 

curves were obtained with the load on the yarn being expressed as the 

equivalent load on a4 ins. wide cloth specimen (F. 2.35). It was 

assumed that, after the maximum load of the first cycle, the crimp 

remaining in the cloth was negligible. The actual length of yarn was 

found, with increasing load, over half of the first cycle. A thread was 

then frayed from the cloth and placed, under the required tens-ion, 

between two Perspex strips fixed to a glass plate, so that it lay as 

shown in Fig. (2.36). Both ends of the thread were fixed in position 

with adhesive tape. The plate was then placed in a lantern-slide 

projector and the image of the thread was traced on a screen. The 

thread axis EF was also drawn. An opisometer. was used to measure the 

length of the trace (that is, extended yarn'length) and the length of 

the thread axis. 

The following Table (2.3) was given to compare the yarn crimp in 

the unstressed cloth measured by the 'projection method' described above 

and by the Shirley Crimp Tester. 

Table (2.3) 

Projection method (effective crimp) Crimp Tester 

4 
Warp 

Weft 6.6% 

1.8% 

7.4% 

6 
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2.6.2.2.5 Skelton's method 

Skelton 257 has attempted to find the most suitable tension 

to use in the crimp tester for a particular set of conditions. He 

assumed that the yarn behaved under tension as a free assembly of fibres, 

without interactions, and secondly that the twist in the yarn did not 

affect its behaviour to any great extent. The first assumption is only 

justified when chemical or mechanical finishing processes have not given 

rise to inter-fibre adhesions. Skelton claimed that the second assumption 

was also justified for the normal range of twists generally encountered. 

Thus for normal textile yarns having no inter-fibre adhesions, he 

obtained the following tension, pf,., acting on each filament: 

,N12rr 

p (grannes) tf 
xx1.62 x 10 -23 

fI Poi 
r2 j (2.56) 

where E is the tensile modulus of filament and a is its specific gravity. 

Skelton used calculations based on the data from a paper-by Owen 258 

who showed the different values for E/02. 

Fibre 

Polyamide 

Polyvinyl chloride 

Group A Modacrylic 

Cellulose acetate 

Cellulose triacetate 

Wool 

Polypropylene 

Polyester 

Group B Acrylic 

Cotton 

Regenerated cellulose 

E/Cj2 

2.00 x 1010 

3.50 x 10 20 
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The filament, and also the yarn, specific stress is then given by: 

fNt 
f13.24 

X 10-3 (A)' 

f 11 
N 

ty P2 -3 
0 

'5.67 
X 10 (B). 

Where N 
ty 

and N 
tf 

are the yarn and the fibre linear densities in tex 

respectively, and p= -1 where n is the number of crossing threads per 
0n 

centimetre in the fabric. Substituting and rounding off the numerical 

coefficient to the nearest whole number gives: 

(2.57) 

3X 10-3 (A)' 

xnx or 
f12 

Nf 
ty6X 10-3 (B) 

Skelton then gave a table which showed the values of tension 

(2.58) 

Fxpression (= 2.58) together with the crimp values found in measurements 

made at these tensions for a series of fabrics woven from yarn of 32.2 

tex spun from tanguis cotton of mean linear density 0.197 tex. The 

-- -results-are-reproduced. in Table (2.4). 

obtained from the recommended B. S. I. method (T. 2.1) and his modified 

4 

Skelton said that the modified expression yielded a minimum value 

for the tension; if there was evidence of inter-fibre adhesions then 

the tension should be increased accordingly. 

2.6.2.2.6 Kenyon's method 

Kenyon 159 
applied Peirce's theory of cloth geometry 

5 
of the 

plain weave to determine the values of warp and weft crimps, and hence 

modular lengths, without the necessity of detaching the yarns from the 

fabric. He did this by calculating the crimp values from a measurement 

of the cloth thickness and sett, and a knowledge of the minor diameter 

of flattened multifilament yarns in the fabric, measured microscopically. 
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Table 2.4. 

Comparison between tensions applied on the crimp tester 

using B. S. I. and Skelton methods 

Crossing threads Tension (g) Crimp % Tension (g) Crimp 

per centimetre B. S. I. method 
B. S. I. modified modified 
method method method 

16.0 10.4 7.6 9.2 7.4 

21.0 10.4 8.1 15.9 9.1 

24.0 10.4 7.7 20.7 9.4 

27.5 10.4 6.7 27.4 8.9 

Table 
. 
2.5 

Comparison of % error predicting P, using LC and Lw 

40 

I "I I 

% error of predicting P from L 
]Fabric State of 0 

using the equations of the form: 

Reference Rela ti xa on 

PM P f(L ) 
C W 0. 

100% Cotton D. R. 2.14 2.16 

Warp & Weft W. R. 0.49 0.54 

Count R29 Tex T. R. 1.49 1.13 

ion ribre D. R. 1.27 1.28 

Warp & Weft W. R. 0.98 0.67 

Count R139 Text T. R. 2.49 1.87 
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The fabric thickness is given by 5: 

max,,,, 2 
(h 

I+d 1) 

By measuring the cloth thickness (in mils) and d (measured by microscope), 

hl can be found. Since D=d, +d2, D is known, so that h, /D can be 

determined. The sett of the fabric can be measured, so that P2 , and 

hence P2 /D, is detemined. Kenyon applied the values of p2 /D and hI /D 

to a nomogram which was a large-scale model of half of the Peirce Is 

flexible thread model (F. 2e2l), and hence found the values of LI /D and 

thus L For determliring the weft crimp (C ) and hence weft modular 2 

length (L ), Kenyon used the Pierce's approximation of h=p /2-E7 and 221,2 

also the following two relationships: 

hjL +h2dI+d2 

L2PI (C 
2+ 

1) 

1ý 

Kenyon's method for determining yarn crimp and modular length can 

only be used for plain weaves where Peirce's formulae hold, and provided 

that the values of dI and d2 and fabric, thickness can be measured 

icýcurately and preferably microscopically. 

2.6.2.2.7 The relationship between modular length and thread-spacing 

Nordhammar 3 described an experiment in which the same warp was 

woven but the weft yarn and warp modular length were changed. The 

equilibrium state of each fabric was obtained by a standard washing 

procedure for cotton fabrics. Measurements showed that there was a good 

4 correlation between the warp spacing and modular length, so long as the 

cover factor varied between 0.72 to 0.82 according to the Peirce formula 

set out in section 2.6.1.2.1. fie went on to demonstrate the practical use 

of such an experimental relationship by interpolating the warp thread 

spacing from a known warp modular length and, hence, the number of warp 
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threads needed to produce a desired fabric width after washing. 

ElliS4 9 
also showed experimentally that there was a linear 

relationship between warp modular length and weft thread spacing at 

different states of relaxation for square and non-square plain weave 

fabrics woven from cotton, fibre and wool/courtelle blends. The gradients 

of ýhe lines decreased with increased relaxation. He also compared the 

degree of percentage accuracy of prediction of p. from LC and Lw i. e. 

the modular length measured on the crimp tester and the true modular 

length in the fabric respectively. The results of this comparison are 

reproduced in Table (2.5). 

)Z+ 
Basu showed experimentally that there was also a very good 

linearity for the lines relating warp modular length and weft thread 

spacing for some basic weaves other than plain, namely 2/1,2/2,3/1 and 

3/3 twills. He also showed that these weave structures had little 

effect on the gradient of the line for a constant combination of warp 

and weft count and at a particular state of fabric relaxation. - 
His 

experimental results showed that the gradient of the line decreased 

with increasincy weft yarn thickness, other. fabric parameters being 

unchanged. He was not able to find a clear trend for the effect of 

warp yarn thickness and warp setting. The accuracy of predicting p. 

from LC and LW for the fabrics in dry-relaxed state were compared and 

the results are reproduced in Table (2.6). 

The percentage error of predicting Fý (P. E. P. ) was calculated from 

the following formula 

P. E. P. txx 100 
pe 

(2.59] 

where t is the value obtained from the standard t-distribution tables, 

which obviouslY depend on the degree of freedom of the sample population 

and s is the standard deviation about the regression lines. 
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Table 2.6 

Comparison of % error of predicting P. from Lc and LW for 

worsted fabrics 

from L using % error of predicting P 
a 

equations of the form: 

Fabric Reference 

=M p =f (L P 
C 0 O W 

2/60's x 2/28's 
Warp & Weft 

0.44 0.53 Worsted Count 
3/3 Twill 

2/60's x 2/28's 
Warp & Weft 
Worsted Count 0.34 0.21 

2/2 Twill 

1 

le 
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Noormahamoodi 22 
extended the work further by considering the 

effects of different fabric structural parameters on the relationship 

between P and L. Attempts have also been made to establish more 

general equations by introducing multiple regressions of P on La and 

yarn balance, R, so that P could be predicted, in a relaxed fabric, 

from a knowledge of La and woven warp and weft yarn count. 

The accuracy of predicting Pa and Pa from La for fabrics at 

different energy levels were comparedusing multiple regression analysis 

and the results are reproduced in Table (2.7) and (2.8), respectively 

for P and P 
0a 

He stated that these equations may provide a reliable basis for 

forming a rationalised system which could be helpful for further 

studies on dimensional changes occurring in processing and end use. 

The relationships found all point to the need for controlling warp 

modular length if uniformity of fabric dimensions and accuracy in 

predicting them are to be ensured within reasonable limits. 

2.6.2.2.8 Correction for set (form factor); Nordby's method 

In order 
ýo obtain as reliable a value of true modular 

length in the fabric, Lw, as i: 5 reasonably possible, a method of 

correcting modular length measured on the crimp tester L, has been 

suggested by Nordb 44 
. He used Peirce's elastic thread model y 

(S. 2.6.1.3.1) and the phenomenon 'form factor' proposed by 

Olofsson (S. 2.6.1.3.2) which he called 'set', These terms will be 

defined mathematically below. 

I. 0 Fig. 2.27 and Section 2.6.1.3.1show that TA, the average tension 

in the yarn modular length L for a plain weave is given by: - 

2jov 
0 sini ds 

L (2.60 
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Table 2.7 

9 

0 

Comparison of % error of predicting Pa using different analyses** 

Analysis Analys is Analysis 
Weave State of Relaxation (1) (2) (3) 

D. R. 0.97 1.65 3.37 
Plain 

W. R. 0.62 2.23 4.31 
2/30's x 2/60's 

T. R. 0.98 4.18 5.55 

D. R. 0.69 1.72 1.34 
2/2 Twill 

W. R. 0.80 2.60 1.53 
2/30's x 2/60's 

T. R. 3.77 5.11 2.07 

MR. 
I 

0.70 1.25 1.45 
3/3 Twill 

W. R. 0.82 1.39 1.19 
2/30's x 2/60's 

T. R. 0.49 3.18 2.23 

Analysis 1-PUa 
0a 

Analysis 2- Pe Ua 

Analysis 3pbL WR ±ax 10 
4 

aIaI 

where b, b and bI are the gradientsof the line, a is the intercept and 22 

R is the yarn balance, i. e. the ratio of weft to warp yarn thickness. 
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Table 2.8. ' 

Comparison of % error-of predicting Pa using analyses (4) and (5)** 

Weave State of Relaxation 
Analysis 

(4) 
Analysis 

(5) 

D. R. 1.53 2.67 
Plain 

W. R. 1.28 2.84 
2/30's x 2/30's 

T. R. 1.39 3.30 

D. R. 
1 
1 1.03 1.67 

2/2 Twill 
W. R. 1.40 1.89 

2/30's x 2/30's 
T. R. 1.56 2.14 

Analysis (4) Pa=bILa±a 

Pa= bLa + bIR +a 

where b and b are the gradients of the line and a is the intercept 

and R is the yarn balance, i. e. the ratio of weft to warp yarn 

thickness. 

0 
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where 

v 
8m sino ($2.6.1.3.1) 

02 
p 

and m is the flexural rigidity of the yarn. 

As 
ýY- 

= sin. ior fsin! ds = fdy, then from equation (2.31a) and ds 

(2.33) 

dx m cos im cosi 
V, 2m (sinO - sin i) T 

Since dx = 
J7- 

then equation (2.61) becomes 
tan P 

dy cos i di 

v ! 2(sine - sin f) 

as 

sin i di (2.62) dy 
v V 

[vr2(sin6 

-sin ii] 

00 sin i- di 
sin ids 

V 

5vi 

v(2(sinO sin i) 
(2.63) 

Equation (2.63) may be written in a more convenient form using elliptical 

integrals, thus 

0 
sin ids = 

AVE 
[F - 2E - F(x) + 2EWI (2.64) 

For the explation of elliptical integrals, F, E, F(x) and E(x), see 

Section (2.6.1.3.1). 

Also from equation (2.37), 

L= 2S = 2A fr - r(x)i (2.65) 
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R 
set ox set 

0 
Ro 

where R0 and R -are the radii of curvature of the yarns in and out of 

the fabric respectively. 

Set can take values between 0 to 1. Set = 0, means that there 

(2.66) 

has been no decrease in V. the fabric is then said to be completely 

unset. Set = 1, means that v has vanished completely; the fabric is 

then said to be completely set. In practice for most fabrics which are 

not thermoplastic the value of set lies somewhere between 0 and 1. 

or 

T 
A 

2VA [F - 2E - FW + 2E(X)] 

2 
v 

(F - FW 1 

VTf - 
2E - F(X) + 2E(X 

LF- F(X) 

I 

Thus only the measurement of angle 0 is needed to obtain the average 

(2.65a) 

(2.65b) 

tension, T A 

The average tension TA is created by the initial elastic nature 

of the yarn, but since a yarn acquires some degree of 'set' with merely 

the passage of time, then TA should tend to be increasingly reduced. 

Nordby 44 has outlined a method for correcting the average tension so 

that it is reduced to allow for 'set'. The method uses the fact that 

the yarn in the fabric, co, would be partially 'set' when yarn is removed 

from the fabrip. If the crimp remaining, 
_c,, 

is measured then the degree 

of set can be estimated from the following technique: - 

If, as it was assumed by Olofsson 153 the ratio of curvatures at 

any point of the yarn axis in and out of the fabric is a constant, which 

-is 
called-bere Iset' then: 

depending upon the type of processing given to the fabric. 
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44 

The forces in a partly set fabric are given by: 

r0 
VXm11 

where X0= half thread spacing and similarly: - 

1 
V0x0-mK 

0 

Therefore, by combining equations (2.67 and 2.68) 

VLX111 

VO RO 

[TO 

or Rr RO VO 

Hence, from equation (2.66) the value of set is given by: 

V 
set Vr 

0 
1 

d 
Since equation (2.66) then becomes 

di di 

-ds se, -- ds 
0 

(2.67) 

(2.68) 

(2.69) 

(2.69a) 

(2.70) 

Assuming that there is no yarn extension, 

ds 
r= 

dso, and 

di = set x di 
0 and because 0 di 

0 set xe 
r0 

The pressure, 2V,, acting on a partly set fabric may be obtained by 

combining equations (2.38), (2.69a) and (2.71). Then 

(2.71) 
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r 
8m sin0o 

Vr 

PO 

If the assumption rc = 0.550 is taken for yarns in and out of fabric, 

then 

Yfc-i 8m sin0 
vr2 

1 

rco 
PO 

rc 

Hence, th e correction factor to Tý for set, 1 involves the 
Vrc 

10 

measurement of fractional crimp, values in and out of the fabric, 

(2.72) 

(2.73) 

i. e. c. and c. respectively. 

Nordby, then obtained formulae to determine the values of C. and cr 

as below: 

eey 
c= (2.74) 

y 

ce 
0r 

c (2.75) 
r+e 

r 

where e and ey are the fractional extensions of the crimped and straight 

being under the application of the same load Ph which 

_is 
the horizontal force that extends the crimp wave. The extension e, 

was required to take up the slack in the yarn removed from the fabric 

before any load was registered at the tester. This slack was due to 

the increased wave length of the partly set yarn. Fig. (2.37) shows a 

typical curve to explain the terms e, er and eY 

If the average tension along the modular length TA is calculated 

from equation (2.65a) and then corrected for set, as explained above, 

cc 
using the correction factor 1-r from equation (2.69a), then an 

TT 
0, 

average extension ew can be calculated from it using the yarn load- 

extension relationship. If eC is the fractional extension produced by 

the standard load used at the crimp tester, then the corrected value of 
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I, 
CY 

er 

Fig* 2.37 typical Curve''to explain -the -berms a, er ý, nd ey 

Crimped varr, from fabric 
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modular length, Lw, is given by: 

Lw = Lc (1+ ew) /( 1+ec) 

Ellis 49 has attempted to correct LC to Lw experimentally using the 

method outlined in the above section. The results are reproduced 

in Table 2.9. 

Basu 227 has also done some experiments to correct LC to. Lw 

for worsted fabric using the same technique. The measurements 

have been done in dry-relaxed fabric and the results are given 

in Table 2.10. 

it 

0 



194. 

Table 2.9 

Correcting Lc to Lw using Nordby's Method 

Fractional L (X 10 3 )-inches L (x le )-inches]* 
Cover Factor C w 

Fabric 

ref 
Weft Warp 

I 

Fabric D. R. W. R. T. R. D. R. W. R. T. R. 

A 0.08 0.455 0.499 102.0 99.8 99.4 101.0 98.6 97.7 

100% 0.20 0.455 0.564 42.0 41.3 41.2 41.6 40.8 40.5 

Cotton 0.24 0.455 0.586 34.5 34.5 34.4 34.2 34.1 33.9 

R29 0.32 0.455 0.629 26.0 25.7 25.7 25.8 25.4 25.4 

Tex 

1 

0.40 0.455 0.673 21.5 21.2 21.2 21.3 21.0 21.0 

B 0.161 0.555 0.627 109.0 106.0 107.0 108.0 104.0 103.0 

100% 0.196 -0.555 0.642 98.5 99.0 97.7 97.4 97.0 94.7 

Fibre 0.214 0.555 0.650 87.6 87.4 86.3 86.6 86.0 83.9 

R139 0.250 0.555 0.666 71.8 71.3 70.0 71.1 70.4 68.8 

, 
Tex 0.322 10.555 1 0.698 

1 
59.4 59.0 59.3 58.8 58.5 59 5 
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Table 2.10 

Correcting Lc to Lw for Worsted Fabrics 

Sample 
Ref 

Weft thread 
spacing 

(x le ) inch 

Fractional 
Weft Cover 

Factor 

L (X 104) 

C 
in 

L (X 104) 

W 
in 

2/60's warp x 149 . 776 169 168 

2/28's weft 164 . 705 185 183 

3/3 twill 185 . 625 207 205 

80 e. p. i. 205 . 636 229 226 

230 . 503 256 253 

256 . 452 282 278 

2/60's warp x 168 . 688 191 189 

2/28's weft 188 . 615 213 210 

2/2 twill 196 . 590 222 
_219 

,, 80 e. p. i. 229 . 505 258 254 

256 . 452 286 282 

278 . 403 320 315 
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I 

2.6.3 Dimensional Stability of Woven Fabrics 

The dimensional stability of textile fabrics has always been a 

problem for both textile and garment manufacturers. 

Many aspects of dimensional stability of woven fabric have been 

investigated during the past forty years or so 
232-235 

The irreversible dimensional changes, due to such phenomena as 

relaxation and felting 
36 

937 $42 $131 9232 
136 

$237 
and reversible changes 

in dimensions, occurring with changes in regain and known as 'hygral 

expansion' have been examined 
39-415138-140 

a 

The effect of different finishing treatments on fabric dimensions 
43 

S4 
5 

54 
93242 

52 
43 

$16 0 have also been investigated'L2 

In the sections set out below a brief summary of the previous work 

carried out on dimensional stability of woven fabric is given in the 
I 

following order: - 

i) relaxation shrinkage 

ii) mechanism of shrinkage 

11 iii) hygral expansion "I 

iv) dimensional changes during finishing. 

2.6.3.1 Relaxation shrinkage 

It has already been mentioned (S. 1.4.2.1) that relaxation shrinkage 

is an irreversible change in dimensions and can be easily brought about 

by treating the fabric in water or steam followed by drying without any 

constraint. The effect of different variables on the shrinkage resulting 

from (i) water soaking, (ii) steaming, and (iii) steaming and/or water 
0 

soaking has been investigated by several workerS435131-1355142 and their 

main conclusions are sumnarised below under these three headings: - 
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(A) Water Soaking 

M Shrinkage was a linear function of the logarithm of 

the time (F. 2.38). 

(ii) The logarithm of the shrinkage was a linear function 

. 
of the temperature (F. 2.39). 

(iii) Shrinkage increased almost linearly with PH between 

4.6 and 9.0 (F. 2.40). 

(iv) Low temperature repeated wetting and drying cycles gave 

more shrinkage than one long wetting and drying, for the same total 

treatment period. 

(v) The final dimensions of the sample will depend on 

absorption of moisture, i. e. the effect of hygral expansion. 

(vi) The longer the specimen, the higher was its area 

shrinkage. 

(vii) The tighter the fabric the less was its-area shrinkage. 

(B) Steamin& 

(i) The shrinkage increased linearly with the number of 

pressings and after a number of pressings the shrinkage appeared to 

attain a constant value (F. 2.41). 

(ii) The longer the time between pressing the higher was the 

shrinkage. 

(iii) Prolonging. the steaming time had little effect on the 

shrinkage. 

(iv) Suction time had no significant effect on the shrinkage. 

(v) Pressing time also had no significant effect on the 

shrinkage. 

(vi) Increasing the wetness of steam gave increased shrinkage. 

(vii) The load on the press plates seemed to have little effect 

if it gave enough friction between the sample and the press plates to 
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prevent moving the sample. 

(C) Water Soaking End/or Steaming 

MA relatively greater proportion of the total shrinkage 

tended to occur in the first operation, whether it was water soaking 
132 

234 
open steaming or steam pressing 

(ii) Different methods of relaxation gave different levels 

of shrinkage in the following order: - 

(a) soaking in hot water (560C), 

(b) soaking in cold water (26DC), 

(c) open steaming, 

(d) Hoffman steam pressing. 

(iii) Shrinkage in worsteds was generally smaller than those 

of woollens. 

(iv). Warp shrinkage was generally greater than weft shrinkage. 

(v) Soaking in cold water and drying without tension, such 

as London shrinkage, did not alwaysrender a fabric stable to Hoffman 

pressing. 

2.6.3.2 The mechanism of fabric shrinkage 

It was mentioned earlier in section (1.4.2.1) that the main 

reasons for relaxation shrinkage are the application of tensions or 

pressure at some stages in the processing of fibres and yarns'and also in 

the finishing of fabrics, particularly when combined with drying. The 

f abric may be either cohesively or temporarily set to length or width 

different from that of its equilibrium or fully relaxed state. Subsequent 
.0 

applications of water, steam or agitation, in the case of synthetic fibres, 

can then partly or wholly release the set, with a consequent change in 

dimension. 



201. 

Collins 36 
was the first to point out that the release of strains 

previously imposed cannot alone account for the large shrinkages 

exhibited by these fabrics during wetting and drying cycles. He 

expressed the view that the swelling of fibres and yarns which occurs 

when water is absorbed, produces an internal re-arrangement in the 

ya rn's crimp and results in a reduced dimension. In Fig. 2.42 (A) 

represents a lengthwise cross-section of an unfinished cloth which 

when wetted has a considerable increase in yarn diameter (B). The 

diagram shows that an additional length of yarn would be required to 

keep the distance between the weft threads constant, but this is not 

available under normal cpnditions and so the result is a decrease in 

weft thread spacing and the cloth shrinks warp ways (C) and (D). 

Collins did not explain the me-6hanism which causes these increased 

crimps and reduced thread spacings to be retained during subsequent 

drying. It would normally be expected that these changes in crimp and 

thread spacing due to swelling during wetting should reverse due to 

dd-swelling on the subsequent drying. Ced-nas 42 
and Olofsson 136 

suggested, in this respect, that frictional forces prevent movement 

so that'the cloth will keep its shrunken form when it is dried. 

Abbot et a27. studied also the changes that occurred in the stress- 

strain relationship of rayon and acetate fibres in wetting-drying 

cycles of fabrics and concluded that the frictional restraints existing 

within the structure prevent the fibres from regaining completely their 

original configuration. 

Snowden and Wagh 137 
, attempted to explain the non-reversibility 

of fabric dimensions after its intial wetting, and also large shrinkages 

observed in practice with more open fabrics. They used the measurementt 

of yarn diameter in. the fabric, from a previous investigation by Ellis 49 

who showed that a progressive increase in the yarn diameter resulted 
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when going from the loom state to the dry, wet and tumbled relaxed 

conditions. His results showed that there were large increases in 

diameter with the dry-relaxed yarns and they considered, therefore, 

that the phenomenon appeared not to be associated with wetting alone. 

The yarn diameter also increased with a decrease in fabric sett at 

a particular state of relaxation. Their calculations showed that the 

fabric shrinkage was closely related to increases in dry yarn diameter. 

2.6.3.3 The effects of hygral ex2ansion on cloth dimensions 

The dimensions of wool fabrics usually change in a reversible 

way when their regain alters (S. 1.4.2.2) and this phenomenon has been 

termed "hygral expansion 
139 

and studied by several workers 
40 54 1 

$13 8 52 40 

Cednas 
42 

in the paper referred to in section (2.6.3.2) 

observed that the dimensions of the fabric investigated increased with 

the regain of the fabric. She stated that the reversible dimensional 

change, brought about by a change in the moisture content of the cloth 

is dependent on both the construction of the cloth and on the setting 

treatment. The data presented by Cednas showed differences of as much 

as 1.5% between dimensions. at. one regain for absorption and desorption 

conditions. 

Bairdý 38 
observed that when dry wool fibres were wetted, they 

swelled about 16% in diametýr and increased by about 1% in length. 

So, when a fabric was wetted out, this swelling of the fibres caused 

changes in the yarn crimp in the fabric, which in turn led to an 
0 

increase in fabric dimensions. 

239 
Lindberg developed an instrument in which the simultaneous 

changes in moisture regain and dimensions during drying were contin- 

uously recorded directly on a chart. Experimental results showed a 
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linear increase in expansion with increasing regain until a maximum 

increase in dimensions was reached at about 20% regain. After this 

point a slight contraction, followed by no further change in dimensions 

above approximately 35% regain, were observed, in many cases. It was 

suggested that this slight contraction may have been due to a jamming 

of the fabric structure as the fibres continued to swell. 

Bair2 40 
observed that the changes in dimensions with regain are 

reversible and that the change in dimensions from dry to wet can range 

from 2% to 12%. His curves show changes of up to about 5% for a change 

in regain of from 10-20%. It was found that fabrics in which the 

weave crimp was large showed large changes in dimensions and that. 

setting treatments resulted in increased hygral expansion when compared 

with unset cloth. 

In a later paper, Baird 42 
summarised the mechanism and the 

effects of hygral expansion and showed the hygral expansion curves of 

several pairs of fabrics, one in each pair was top-dyed, the other 

piece-dyed. It was found that those which were piece-dyed generally 

-ý--------showed a-greater expansion than the equivalent top-dyed fabric. 

However, each curve also varied with fabric construction, the tighter 

fabrics generally expanded less. 

It is obvious that changes in atmospheric conditions could effect 

the regain of a fabric and its dimensions. Care must, therefore, be 

taken, when measuring fabric dimensions to ensure that the atmospheric 

changes have not affected the result. 

42 

2.6.3.4 'Dimensional changes during finishing 

Much work has been done relating to the effects of various 

42 136 
finishing processes on wool cloths dimensions. CednaS and Olofsson 

investigated the changes in dimensions of set and non-set wool woven 
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f 

cloths. The first paper, the result of work on a gaberdine cloth, shows that 

fabric shrinkage varies during processing in both the setting treatments give 

to the cloth, while Olofsson, in the second paper, interprets Cednas' 

results in the light of setting theory. Cednas has assessed the effect 

of water setting by measuring the changes in dimensions which took place 

in relaxing the fabrics in water at 100 0C for one hour. The main 

conclusions stated in these papers were: - 

that, fabric shrinkage was determined by the degree of set of 

yarn curvature. 

(ii) For the unstrained samples, the final dimensions were almost 

independent of the setting conditions, but for the straining samples the 

final dimensions increased as the temperature and the time of setting 

increased. At lower temperatures, however, strining the samples during 

setting process had little effect on the final dimensions. 

(iii) External constraints or tensions could not remove the 

tendency of the fabric to shrink, and this tendency would remain latent 

until it was activated by a wetting-drying treatment in tensioýnless state 

i. e. a relaxation treatment. 

(iv) Increase in drying temperature slightly increased the shrinkages 

of dimension. The fabric shrinkage in drying was caused by changes in 

set of curvature. 

(v) The shrinkage after setting increased with pH of the setting 

solution, between pH 4.6 and 9.0. 

(vi) The temperature of the cooling bath and the time of treatment 

40 

had little influence on the final dimcknsions. 

Lees and Elsworth 242 investigated the decatizing process with special 

reference to'its influence on the dimensional stability of woven cloth, 

and after the processing the samples were tested for relaxation shrinkage 

by steam pressing and by water soaking at 35-370C and 90-950C. Effect of 
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different variables such as moisture content, steaming time and tension 

applied on the cloth during decatizing were studied and their main 

conclusions are given below: 

(a) Decatizing increased steam pressing shrinkage warp ways, even 

whipn the cloth was processed at low tension. 

(b) Steam pressing shrinkage was not influenced by strains imparted 

in decatizing, differences of up to 10% in length resulted in no significant 

difference in steam pressing shrinkage. 

(c) The effects of tension, time of steaming and moisture content 

of the cloth were reflected quantitatively in the water soaking shrinkage. 

Differences of up to 10% in length, however, gave rise to only a relatively 

small increase in shrinkage. 

(d) Decatizing increased the hygral expansion of the cloth and 

steam pressing shrinkage. 

Lawes and Townsend 45 
showed the changes in width and length that 

some correlation appeared to exist between hygral expansion and the 

0 

occurred during the finishing of a 2/2 twill square sett clotli'woven from 

2/28's yarn spun from 64's quality wool. The data given in this work was 

obtained during experiments to assess the effects of variable factors in 

preparatory and weaving processes on the dimensions of finished pieces. 

Several pieces were woven from yarn spun to nominally the same count 

from rovings which had been stored for different lengths of time so that 

the yarn contained different degrees of cohesive and temporary set; 

several pieces were also woven with different warp and weft tensions. All 

the pieces were subjected to the same dyeing and finishing routine. Fig. 

(1.24) shows the changes in dimensions during finishing processes, and the 

three lines are for the three separate lots of pieces which were manufac- 

tured and the. points give the average measured dimensions. The largest 

reduction in piece dimensions occurred during scouring (Fig. (1.24)) and 
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7 this was caused, as one would expect, by relaxation shrinkage, but it 

was found that 1-2% residual shrinkage was still left in the cloth. 

Dyeing produced no significant changes in dimensions. 

Some pieces in the second and third experiments were crabbed 

before scouring and this was found to give less overall reduction in 

piece length without affecting the final piece width. In tentering,. 

the pieces in these experiments were divided into two batches each 

containing crabbed and uncrabbed pieces which were then tentered, 

the first batch to one inch and the second to three inches above the 

dyed width. This two inches increase in tentered width, however, was 

found to increase the finished width by only 4 inch. 

All the pieces were subjected to the same dry finishing routine 

of cropping, blowing, pressing and steaming in which the piece width 
I 

11 
was reduced and the length increased from that of the tentered state. 

London shrinkage was the final process used, where a reduction in piece 

length and width occurred due to the removal of the strains imposed in 

dry finishing, It was also found that the finished London shrunk 

dimensions were not the same as the scoured*dimensions which are generally 

taken as an indication of the finished cloth width. 

Snowden and Wagh 135 have investigated the effects of loom 

adjustments and fabric construction on the dimensional changes from the 

loom at the reed to grey state and through finishing processes for a set 

of worsted fabrics. The results showed that the changes in width from 

reed to grey cloth were usually less than 10% (most for weft rib, least 

0 
for warp riblabrics). More shrinkage, 9- 24% in area, occurred in 

finishing, or, if including milling, 15 - 40%. Trends were similar for 

160 all fabrics and also with those reported by Lawes and Townsend 
. Warp 

tension, whicý had less effect than expected on shrinkage to the grey state, 

influenced finishing somewhat more. The effect was mainly on length and 

II 
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was found to be greater with the finer warp. Raising the back rest had 

very little effect on shrinkage to the grey state and no significant 

effect to the finished state and timing the shed early had no effect on 

shrinkage to the grey state and appeared to decrease length shrinkage 

in finishing very slightly. 

Pogson I investigated the variation in width at three stages of 

processing, grey, tentered and finished pieces woven in Hattersley 

standard and automatic looms. The result showed that tentering increased 

variability found at grey state for both looms, and a further increase. 

occurred at the finished state for the standard loom (F. 2.43). The 

standard deviation for width along the piece length, v, was taken as the 

measure of this variation and Figs. 2.43a and 2.43b show values of it 

agai. n4t three states of processing. The finished state variation for 

both looms was greater than that at grey state. He suggested from these 

findings that there were probably lengthwise variations 'built into' the 

cloth in weaving and these might have been, to some extent, obscured by 

--------the width ways stresses set up around the fell line by the temples, the 

residual stresses being subsequently removed by the finishing operation. 

He also suggested that tentering, a process which might be expected 

to level out widthways var iation actually increased variation found at 

the grey state and this may indicate that tentering could introduce some' 

additional variation down the length. If this additional variation did 

occur then it should be the kind that would diminish with the relaxation 

in finishing and he found this was true for the automatic loom. The 

difference between finished variation for automatic. and standard looms 

$ 
could have been due to the stopping and starting of the standard loom for 

weft changing thus causing increased variability. 

Tentering reduced grey state variation but there was a further 

greater increase with finishing so that finished variation was greater 
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than grey for both looms. These results showed that the variation 

between average piece widths, which is present at grey state, is only 

apparently reduced by tentering. The increase of variation down the 

length of the piece in going from grey to finished state was twice as 

high for decatizing as for London shrinking. He suggested that some of 

this greater increase might have been caused by the processing itself, 

which involved rolling up of the pieces under tension, subsequently, 

it could have been set into the cloth (T. 2.11). 

The variation between pieces increased twice as much with London 

shrinking as it did for decated fabric i. e.. about 211 as against 116%. 

This was probably due to the decating process 'setting' the pieces and 

thereby causing more of the constraining effect of the weaving and 

tentering process to be retained in the finished cloth than there would 

be with London-shrunk fabric. The latter would tend to relax back again 

to widths having the same extent of 'built in' variation that could have 

been created through processing conditions. The decrease to finished from 

grey width, was, probably for similar reasons, about 8% greater for London 

shrunk fabrics. 

2.6.4 Different concepts for predicting woven fabric dimensions, 

Dimensional changes always occur in cloth as it passes through the 

various processes because of the extensions built up in the fabric 

yarns from processing stresses. Consequently, a release of the extending 

forces must give-contraction in some or all dimensions. Expansion of 

3 
fabrics can occur, 

9with 
changes in moisture content but reduction in 

dimensions is normally the outstanding problem. It is obvious that if 

these changes in dimensions occur then there must be an accurate estimation 

of the necessary initial dimensions at the first stage of processing so 

that the final dimensions will be those desired. There are various 



211. 

techniques for estimating how the initial dimensions of a fabric will 

change in subsequent processing or use. 

2.6.4.1 Use of yarn crimp (c) and fabric shriTLkage factor (F) 

When two yarns are woven together, the unit structure or module 

can be considered to have dimensions pa and pa lengthwise and widthways 

respectively, and the yarn modular lengths La and La lie across and along 

the fabric module. The final dimensions of a fabric can be predicted from 

the straightened length of yarn if crimp functions i. e. 

C-P. and CLI- 
pe 

P& a pe 

are known together with the related fabric shrinkage factors 

P, - P. fl pit - Pa fi 
Fe 

pe and Fa 
P& 

where p. f, and P. f, are the finished dimensions of the woven fabric 

module. Consequently, these finished dimensions of a module, are 

Le (1 -Fa)L" (1 - FO ) 

(1 +C and (1 +C respectively. There is sometimes a single 
a 

factor (s) used 
113 

presumably involving for them F and c so that in this 

case finipheddimensions are given by. L (1 -S and L (1 -S 0aa 

It would seem that with this method, in any necessary analysis of 

fabric structure, it might not be possible to give separate attention to 

the two quite different aspects of fabric structure, namely yarn crimp 

and fabric shrinkage. 

a 
2.6.4.2 Use o 

_geometrical 
concept 

The geometrical mode19 for the prediction of dimensions is based 

on a geometri6al concept of woven structure which are often not physically 

realistic. Nevertheless it can be applied usefully for following the 
I 



212. 

changes that have occurred in cloth dimensions in relaxing. 

Grosberg derived relevant formulae from Peirce's two models (F. T. 

and E. T. models) and gave a set of curves from which he suggested that 

the relaxed specification of the cloth could be obtained. 

It was assumed that the modular length of yarn remained unaltered 

with relaxation, so that: 

L 
ar 

where subscript r denotes that the parameter is relaxed, and from crimp 

definition (S. 2.6.1.2.1): 

P4, (1 + C, )= Pe 
r 

(1 + Car ) (2.76) 

and L=L 
aar 

P& U+ Ce )= P&L(l + Cor (2.77) 

In addition, the total crimp height must remain the same before 

and after relaxation 

h+h=h+h 
&0arar 

and using Peirce's approximation (h = 4/3pFc), 

P. VIT. + P- p- rca 
r+P. r 

rce 
r 

(2.78) 

Furthermore, in a relaxed fabric the force balance at the cross-over 

points must be equal for, the warp and weft thread (S. 2.6.1.3.1), so that 

VV 
ar 

m sine m sine 
a ar 0 or 

22 

Pe 
r 

Pa 
r 

40 

Using equation (2.16) and the formula (2.13), obtained from Peirce's 

geometry 
5, 

equatiorr. (2.76) to (2.79) can be solved in terms of the 

following parameters: 

(2.79) 
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d+dh+h 4/ 3 (p. /T + p. YýT) (2.80) 

p0 rcak + P,. rce 3/4 D= constant 

Substituting for p and cL2 

VrC7 +a VrC7 = 3/4 D 
+ca 

/C- AT 
Assuming ay 

and 
8- 

= X5 
+c +c 

a0 

equation (2.81) can be written as: 

Lay +L0x 3/4ý D (2.82) 

Any cloth which maintains a constant value of L during changes in 

Wre- VrC- 
a dimensions must lie on a straight line'graph connecting and -- 1+C1+C 

VrC- 
This line joins the points on the y-axis where a equals 3/4 D/L to 

1tc 

rc, - 

the points on the x-axis where a equal's 3/4 D/L Using Peirce's 1+c 

approximation sinO = 1.75/c-, equation (2.79) can be written as 

mx1.75/c- mx1.75vrc- a-ar0r 

22 

. Pe 
r 

Pa 
r 

Substituting for p and c=Lp 
p 

m Y/C-- m, rc- 
0aar__0-eT (2.83) 

c 
er 

L0 gl tc 
er 

)2 rc-ýýu +c )2 

.. a0 er ar 1 

)2 
= -- -=. (2.84) 

arC0r 
)2 Rý 
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vlm-- . 
where 

Fig. (2.44) shows a set of graphs of c against c for various values of 
a0. 

the parameter R. These curves will be applicable for all balanced fabrics 

as, shown in the previous equations. 

Using the two points for the specific values-of 3/4 D/L and 3/4 DL/ 
a 

in Fig. (2.44) and joining them it is possible to plot the straight line 

and find out where it intersects the given curves; the corresponding ca and 

c0 values are therefore found by reading them off the c-scale in Fig. (2.44). 

It is then simple to calculate p and p. from the above c and 

Ca values and their respective yarn modular lengths. 

Practical application of the above techniques by Noormahmoodi 22 

showed that the involvement 6-f yarn diameter in this mathematical treatment 

renders its usefulness doubtful to some extent, particularly for wet and 

-tumble relaxed fabrics. This is because the degree of yarn flattening is 

not considered, flattening itself is a variable and changes with fabric 

tightness and state of relaxation. The flattening of yarn diameter, 

effected the theoretical treatment for finding the straight lines connecting 

--3/4 D/L--and 3/4 D/% values on the ly' and IxI respectively. More-significant 
a 

is the considerable change occurring in the yarn cross sectional area with 

tightness of construction and degree of relaxation. The theoretically 

arn flattening, fabric tightness and practical p. values, corrected for Y 

relaxation, using a technique outlined by Ellis and Munden 48 
, were found 

to be generally very close to the experimental results i. e. D= do + do 

a in equation (2.80). 
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2.6.4.3 Suggested 12ethod based on yarn modular length 

When crimp is used for predicting woven fabric dimension, it 

means that thread spacing and modular length are involved. Crimp values 

change considerably with small changes in thread spacing (Appendix A); 

consequently, it may not be easy to estimate reliable values for crimp. 

Furthermore it was shown by Peirce (S. 2.1.3.1) that crimp ratio varies 

inversely with the fourth power of the spacings ratio in a plain weave 

and later study 
230 

showed experimentally that the equation given by 

Peirce was not always reliable. The latter study also showed that pre- 

dicting crimp from equation (2.43) was subjected to comparatively high 

errors. 

It was suggested! 
2, therefore, that by using yarn modular length 

there could be an alternative method for the prediction of woven fabric 

dimensions. This could be preferrable because modular length: - 

i) is unaffected by moderate longitudinal and lateral stresses 

3 
when the fabric has been relaxed in water after weaving 

it ii) is not greatly affected by Olofsson's form factor, -'i. e. set, 

particularly for fabrics with high cover factor (T. 2.9 and T. 2.10); 

iii) is not-influenced significantly by relaxation shrinkage, i. e. 

wet and tumble relaxation treatments cha 
, 
nge modular length by only 0.5 1% 

and 1.5 - 2% respectively (T. 2. 
il) 5; 

iv) can be measured easily using instrumentssuch as those 

described in Section 2.6.2ý2.1. Thesehave been used to measure L. 

at the weaving stages; quality control methods can be developed employing. 

these instruments; 
a 

can be measured accurately at any stage after weaving by 

unroving the fabric and measuring the average length of yarn between 

two consecutive intersecting threads. A load is applied which is 

sufficient to remove the yarn crimp without causing yarn extension 

(S. 2.6.2.2). 
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Table 2.11 

Effect of relaxation treatment on p and L 

Yarn count State of 
L. X 10, 

Yarn 
length pX 10 

4 

0 

PO 

warp x weft relaxation (ins. ) shrinkage (ins. ) reduction 
weave % 

2/60's x 2/60's D. R. 250.0 - 242.0 - 

2/ý Twill W. R. 248.0 0.80 236.0 2.48 

Weave T. R. 246.0 1.60 229.0 5.37 

2/60's x 2/48's D. R. 248.0 - 239.0 - 

2/2 Twill W. R. 246.0 0.81 230.0 2.95 

Weave T. R. 244.0 1.61 224.0 5.49 

2/60's x 2/30's D. R. 251.0 - 237.0 - 

2/2 Twill W. R. 249.0 0.79 230.0 2.95 

Weave T. R. 247.0 1.59 221.0 6.7 -5 
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CHAPTER 3 

THEORETICAL RELATIONSHIP BETWEEN CLOTH CONTRACTION. 

WARP TENSION, WEAVING RESISTANCE AND PICK SPACING 

The theory concerned with pick spacing has been the subject of many 

investigations; our discussion and attention to these has been given in 

Chapter 2. In order to interpret physically the experimental results of 

this. investigation (Zf, Wr, TY) and to explain the effect of free length 

of yarn, LY, and changes of warp ya rn tension during weaving, on the 

fabria geometry, indicated by thread spacings, some theoretical obser- 

vation was necessary as set out. 

The object of this section, in the first instance, is to set-out a 

mathematical relationship involving cloth contraction Zf, warp tension, 

T weaving resistance, Wr, and the fabric element in the form of inter- 

lacing warp thread angle, 6, using established mathematical analysis of 

the theory of weaving resistance 
47 73 9206 31 

24 
9115 52 59 916 0 (the force which 

acts against-the reed during the beat-up). 

Additionally, there is use made of previous. investigation 48 
on fabric 

geometry, where the interlacing warp-thread angle, 6, was related to the weft 

density, P. L9 
in the loom state. The data in this latter investigation 48 

was particularly useful for considering the physical configurations of 

yarns and woven structure; the wide experimental observations gave results 

which appeared to be more close to those for the cloth state between the 

temples. where fabric width is equal to the fabric width in the reed. 

The process of beating up the new pick by the reed is associated 

with simultaneous elongation of warp thread and the contraction of the cloth 

as the. reed moves forward towards its front position. At the. moment of 

beat-up, výhen the reed, pushing the pick, into the cloth fell, reaches the 

front position, the warp tension reaches the maximum level and so does the 



-. 1 

cloth tension decrease to a defined minimum level. This is due to 

the displacement of the amount of fabric by an amount which extends 

from the point wSere thq reed first comes in contact with. the fell of 

the cloth during beating up of a new pick to its extreme forward 

position (F. 3.1). 

3.1 Further Use of the Theory 

To simplify the problem of calculation of weaving resistance, W 

the following assumptions are made: - 

(i) th6 fabric structure parameters are defined for the fabric 

between the temples, i. e. before crimp interchange occurs. 

(ii) the weft threads are extensible, but without rigidity. 

(iii) thread cross-sections are circular with a constant diamator 

. which is not deformed under the active forces. 

Uv) the warp spacing at intersections (taken as the distance 

between projected axes of the warp threads on the symetrical plane of 

the fabric) is constant and equal to the warp spacing of the warp 

threads in the reed. It will be called here "the final or theoretical 

warp spacing", p (F. 3.2b), remaining constant across the fabric. 

(v) the final pick spacing (taken as the distance between the 

projected axis of the weft thread-on the symmetrical plane of-the fabric). 

It will be called "the final or theoretical pick spacing", p0, (F. 3.2a). 

(vi) the final warp thread angle in the fabric is treated as 

constant during the loom cycle. 

(vii) the fabric is under some tension, Tf, in-the warp direction. 

(viii) the straightened weft, before beat-up takes place, is 

lying in the shed parallel to the reed and is under zero tension. 

(ix) each warp end has the same tension in the shed. 

the friction on the back rail, lease rod, heald eye and breast 

beam is very small and is ignored. 
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(xi) the beat-up takes place with the shed open (shed angle is 

2a 0 ), according to the distance between the mail eye and the cloth fell 

being dependent upon the-necessary loom timing. 

(xii) during beat-up no movement of the warp beam or take up roller 

takes place. 

(xiii) the warp yarn and the cloth form a combined elastic assembly 

on the loom and behave as two springs, each with different characteristics. 

(xiv) the fabric structure is not disturbed by the reed and there is 

no slipping back picks. 

(xv) the two picks which have the same warp thread float are in 

contact. 

The pressure on the reed from the fabric as it pushes the fell of 

the cloth at the instant of beat-up is called weaving resistance. This 

force can. be expressed quantitatively as, the difference between-the 

tension on the warp sheet and the fabric at the instant when the reed is 

in its most forward position. During this instantaneous period. of 

beat. -up., the 
- 

tension of the warp yarn increases whereas that of the. 

cloth decreases as a result of the displacement of the length of fabric 

towards the breast beam, measured from the distance between the front reed 

position and the axis of the last pick which occupies its position in 

the fabric, i. e. Z and the simultaneous elongation of the warp yarn, Z 
fY 

Let us discuss the problem of weaving resistance using a model of 

plain weave. 

If no beat-up force is exerted and the healds are level, the warp 

and cloth tension, which'are denoted by T0 and T 
fo respectively, are in 

Y 

balance; 

yo fo 

The force which acts against the reed when a pick is beaten-up, the 

weaving resistance, W 
r, 

has to be overcome by beat-up force, B, (Fig. 3.2a). 



For equilibrium state W B and at the instant of beat-up the following 
r 

relationships hold: - 

= W T Cosa T (3.2) 
r 1 Y 

Tf = TY 
3LCOSO 

(3.3) 

From the capstain equation 

T =T e_'j 
(a+ (3.4) 

Y, Y 

so, 

W = T (Cosa 
- cosO . e-11(a+o)) (3.. 5) 

r Y 

and 

W /T = Cosa - cosO . e_V( a+e) (3.6) 
r Y 

The Wiarp tension, T , at the moment of beat-up is given as Y 

TV+Z. C (3.7) 
Y Y13 YY 

and the fabric tension, Tf, at the moment of beat-up is given as 

TfT 
YB 

Cosa -ZfCf (3.8) 

Dividing equation (3.2) by T gives 
Y 

W; /T Cosa -T /T (3.9) 
f 

'Assuming the fabric contraction (2ý) at the moment of beat-up is 

equal to: 

Z Z /Cosa (3.10) 
f 

From equations (3.6), (3.7), (3.8), (3.9) and (3.10), Z and*Z can be 
f Y 

calculated as 

X. T 
Z yB (3.11) 

f 
C Co, 

2a 
+C C Cosax , 
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X. T 
YB . coscl 

ycy 
Cos 

2a+ 
cf - cycosaX 

4 

ZZ4. 

(3.12) 

On substituting Zf from, (3.11) in (3.7) for TY and simplifying, equation 

(3.13) for T is obtained: 
Y 

T 
y 

T 
YB 

(c 
y 

Cos a+ Cf ) 
(3.13) 

c Cos 
2a+cf-c 

cosax 

Again Wr can be calculated from equations (3.2), (3.7), (3.8), (3.11) 

and (3.10) as: 

XT 
YB 

(c 
y 

Cos 
2a+ 

Cf) 
Wr2 

c Cos a+cc cosaX 
Y, fy 

where cosa - cosO 

(3,14 

The values of a and T 
YB 

are different for both picks, so are the 

výLlues calculated for Zy, Zf, Tf, Ty and Wr. The variation in the value 

of a hence T 
yB 

is due to different height of the shed. 

In this work, the 2/2 twill has been used in the experimental part. 

- --It differs from the plain weave in terms of fabric geometry, because the 

shed is formed by two adjacent warp threads as it can be seen in 

Fig. 3.3. 

When the warp thread floats over more than one pick as happened 

also in similar way for the weft float, the thread is subjected to 

asymmetric pressure which tends to displace its axis locally from the 

plane of its general path. The vertical pressure and displacement also 

vary with the position of the intersection relative to the weave pattern. 

The warp repeat in, this weave consists of four threads with the 

average float equal to two threads in warp and weft direction. This means 

that during one revolution of the main shaft only two of the four warp 

yarns in the repeat participate in the movement, i. e. one descends, the 

other is lifted whilsi the remaining two are in dwell, i. e. one in the 
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at the moment of beat-up of the second pick. 

Fig- 3.3(a) 
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top shed line and the other in the bottom. Thus the beat-up of each 

pick takes place when two warp threads make new intersections and the 

other two do not. The i4eft is also deflected by the two warp yarns at 

the intersection within two revolutions of the main shaft. When a 

flexible thread is subjected to a side thrust, as are the threads at 

every intersection, it deflects until this thrust is balanced by a 

component of its tension. Thus the geometry of the fabric is largely 

influenced by the warp tension. In the picking process the weft yarn is 

inserted straight whilst the warp yarn is crimped to a. maximum. However, 

the warp tension causes the weft-yarn to crimp. The deflection of-weft 

yarn depends on the resultant pressure of the warp on the weft Yarn, the 

warp density and the elasticity of the weft yarn. 

The lateral deflection or distortion of threads in a twill weave 

cause a difference between the spacing at the intersection and'the float. 
I 

Peirce 5 
suggested that a better estimate of geometrical features could be 

made by ni_ýasuring these spacings separately. He, also suggested that for 
I 

weaves other than plain, the possibilities of overriding of threads 

increase as the float length increases and it becomes increasingly easy 

for the threads to be bent side-ways into contact when not separated by an 

intersecting thread. 

Because of the great difficulties in estimating the geometry of 

the fabric of 2/2 twill, the model of the plain weave is used to calculate 

the Z, $Ty and Wr and an approach 
260 

'based on the 2/2 warp face rib is 

used to calculate the value of 0. 

3.1.1 Calculation of T 
yB 

from T 
yo 

The basic warp tension, T (the tension of the warp thread when y 

the thread is open at the GhecLheight, h, at the moment of beat-up but 

262 
without beat-up) can be calculated from the following equations for 

I 
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known values of h, 0, VI, Ey, TY09 cf and L 
Is 

T e- coso =T+ AL c 
YB y () sf 

tana h/L 

LL AL AL 
aSC 

AL 
C=T YO 

Af 
.0 

T 
YB 

=T 
YO 

+EY AL 
f 

/(L 
a+ 

AL 
S 

AL 
f= 

h/sina 
I+ 

ALs L0 AL 
C 

where: .. I.. 

a the actual shed angle of the front part of the thread if shed 

height was, h, as at the moment of beat-up 

the actual shed angle of the back part of the shed 

the coefficient of friction between the warp thread and the heal( 

eye 

T the war tension at closed shed 
YO 

p 

AL the amount of fabric elongation due to the shed opening by, h, 

h actual height of shed opening, measured from the fabric plane 

ALC - the amount of fabric elongation due to the tension at close shed 

- the actual distance between the last beaten-up pick and the heal 

shaft 

LI- La without any tension at closed shed 

ALf the amount of elongation of the warp thread in front part of the 

shed. 

(3.15) 

(3.17) 

(3.18) 

(3.19) 

(3.20) 

Thus from eqtldtions (3.11), (3.13) and (3.14) the fabric contraction, 

Z, the warp tension at beat-up,. T and the weaving resistance, W, can be 
yr 

fr-Und' from the knowledge of basic warp tension, T These equations also YB 
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contain the geometric relation in the form of the interlacing angle, e, 

and the shed angle, a, and the elastic properties of the warp and of the 

fabric in the form of the elastic constant C and C 
yf 

3.1.2 Calculation of the value of 0 

The angle 0 was involved in all the established equations (= 

3.12,3.13 and 3.14) relating (i) cloth contraction, 2ý, and yarn elongation, 

Z, (ii) warp tension at the moment of beat-up, T, and (iii) weaving 
YY 

resistance, W,.. 

It is difficult to measure directly the values of 0 for fabric in 

the loom so that a reliable calculated value which would involve some yarn- 

properties, tension, and the fabric set had to be obtained. It was 

decided to use previous research work on this calculation. 

3.1.2.1 Method - 1, using Peirce's flekible thread model but with no 

allowances for the yarn elasticity and tension 

The research taken was froý four main sources as follows: 

48 
MA previous investigation which showed that the flexible thread 

model of Peirce, was reasonably valid for the loom state fabrics. 

(ii) Dickson's a 
work which gives a correction-to calculate diameters 

by using the densities of the. fibres involved. 

(iii) The work" which showed how to assess an actual yarn 
ýiameter from 

a calculated diameter obtained as explained in (ii) above. 

(iv) 
-A study 

49 
which showed actual flattening coefficients for woven yarn 

diameter. 

More details of these investigations are given in the argument below 

which is used to show how a reliable value of 0 can be calculated. 

Peirce's 5 flexible thread model satisfies 
48 

, to some extent, onlY 

the loom state fabric (I. L. S. ). This study suggested that with I. L. S. 
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fabric, the threads are still under the weaving stress, whereas the 

assiumption in the elastic thread model (E. T. ), is that the external 

tension acting on the thread is zero and the cloth is therefore free to 

relax, so that the elastic properties of the yarn can then extend them- 

selves. Therefore, the yarn configuration and dimensions Of the cloth 

in the loom state can reasonably be predicted by Peirce's flexible thread 

model (S. 2.6.1.2.1.1). 

From this model, Peirce derived the following relationship between 

p and L: - 

(L 
a- 

DO. )cosO 
a+ 

DsinO. 0.21) 

or p (L DO )COSO + DsinO (. 3.22) 

Subscript a refers to warp and e refers to weft thread. 

The above equation can be used to relate p and 0 only when the values, 

of-'moýular length, L, and D, the sum of the two diameters, are known. 

For the values of warp modular length, of the loom state fabric 

the dry relaxed (D. R.. ) fabric was used. 

The other unknown parameter D is the effective combined diameter 

obtained from the sum of the warp and weft yarns in the fabric and in 

this investigation set-out, the same yarn was used in both warp and weft, 

so that, 

D=d+d= 2d or 2d 
aa0a 

It has been shown 
48 

also that in the loom state, the cross-section of 

the yarn is not affected by the tightness of the construction and is of 

similar value to that predicted from the yarn count, using standard 

formulae. The work 
48 

also suggested that an accurate estimation of the 

cross-section of yarn, that they used, in the loom state, could be 

obtained from the standard formula provided that the specific volume of 

1.22 has been used. 
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Dicksona used the assumption, as mentioned earlier (S. 2.6.2), 

that the specific gravity of yarns made from different fibres is 

proportional to the fibre density and then amended Peirce's relationship 

between yarn diameter and count to give the following equation for all 

yarns with different fibres: 

IT x 0.0358 
(3.23) 

4-x N 
9 

where 6C (gW/cm 3) is the density of the cotton fibre and equals 1.5, 

and 6 is the density pf any giv. en fibre, hence, 
9 

0.0438 d 
r6-x N 

(3.23a 

9 

Using this formula, Dickson claimed that the conventional diameter of a 

yarn of -any cotton count, N, composed of any kind of fibre for which 

the fibre density is known, could be more reliably calculated. It should 

be noted that this formula makes no-allowances for any factor other than 

the fibre density, such as, the yarn twist, yarn tension, packing factor, 

fibre thickness, which affect the yarn diameter even when the count remains 

constant. 

It has been shown 
4 '5 

also that the experimental values of diameter 

for I. L. S. were lower than the calculated values obtained from the Dickson 

formula but in more relaxed state the experimental yarn diameter was 

greater. 

Peirce 5 
and later workerS6,7 have all been aware that the normal 

staple fibre yarn is not incompressible, so that, in a woven construction, 

flattenning of the yarn cross-section occurs at the cross-over points in 

the plane at right angles to the fabric plane. 

In order to allow for the flattenning of the yarn, the calculated 

circular diameter, using the formulae from Peirce's work amended by 
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Dickson and using an estimated average fibre density, for the 45/55 

Dacron/wool yarn, was multiplied by a factor, k, to obtain the flattened 

diameter. The factor, R, was calculated from the equation: 

minor axis 
I calculated diameter 

k= Er, /n 

where n= no. of samples. 

Using the previous reSUlt49 for the measured minor axis and the 

corresponding calculated cliameter of the yarn used, the factor k was 

'f6und to be 0.78 (T. 3.1). ' ''-II- 

Therefore the value of D to be used in equation (3.23a) becomes, 

after correction, 

(2d x k) 

where d. is the circular diameter of warp yarn used, taking Dickson's, 

equation. 

I 
In the present experiment, thiýead spacing (PL ) was measured while 

the fabric was in the loom (S. 4.3.2.5). 

Hence, on substituting the values of PL, L 
Ca 

and D in equation (3.21) 

the values of 0 can be caluclated. ConsequentiY, using the calculated 

values of 0 and the measured values of Ty., cy, Cf, V and a, the values 

of Z,, Ty and Wr can be calculated, using equations (3.11), (3.13), (3.14) 

together with equations (3.15) to (3.20) to calculate T 
YB 

from T 
yo . 

3.1.2.2 Method - 2. Using Peirce's flexible thread model and the yarn 

elasticity and tensions considered 

It was also decided, as mentioned in section 3.1.2, to use 

another previous research work 
260 

of 2/2 warp face rib, to calculate the 

values of 0, where the fabric tension in the warp direction and the weft 

elastic modulus were considered in Peirce's equations. The detailed outline 
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Table 3.1 

Measured values of minox; axes and calculated diameter of wool/ 
48 

courtelle yarn, from previous researCh , to obtain flattening 

factor IkI, used to multiply the circular diameter, d, or d0 

(s. 3. L1.2.1) 

Minor axis 
(inches) 

(a) 

Calculated 
diameter (inches) 

W 
r Ib 

Average value 

- 
Er 

I 
of -= Er /7 

n 

. 
0.0183 0.0227 0.81 0.78 

0.01805 0.80 

0.0183 0.81 

0.01725 0.76 

0.0171 0.75 

0.0168 0.74 

0.0177 0.78 

I 



of this method is given below: 

2*3 3. 

The assumptions made in section 3.1.1 for determination of fabric 

contraction (Z 
f) are sti. 11 valid and can be extended by further assuming 

that the following parameters are known: 

d= the warp thread diameter 

d= the weft thread diameter 

P= the final warp spacing 

pe = the final pick spacing 

E= the weft elastic modulus 
0Y 

Tf= the fabric tension in the warp direction, depending on the 

elasticity characteristics of warp thread; at close shed it 

is equal to warp tension T 
YO 

The inter yarn forces make the weft crimp and hence stretch. 

Using Fig. 3.2, a and b, we can , rrite: - 

2T 
ye 

sinO 
0-T Ya 

sinO 
a0 

(3.24) 

Tof can be described as 

Tye EayP. 
P, 

(3.25) 

From Peirce's equations and Fig. 3.2, we can write that 

p- Dsine 
L DO +' (3.26) 

a coso 

Since Tf is known 

TT /cosO (3.27) 
yafa 

From Peirce 

h+hD (3.28) 

ha (pe - DsinO 
a 

)tano 
a+ 

D(l - cosO 
a 

(3.29) 



DsinO )tanO t D(l - cosO (3.30) 

Now, from equations (3.28), (3.29) and (3.30) 

P. f 
tane 

a- 
D/cosO +pa tanO 

a- 
D/cosO 

0+D=0 
(3.31) 

and from equatiorr. (3.24), (3.25), (3.26) and (3.27), 

tanO 
a= 

2E 
ey 

tanO 
a 

(DO 
0 

Cos 06 + P, - DsinO,, - p, cose,, )/(T, 
.pa) 

(3.32) 1 

00 and 0a can be worked out from equations (3.31) and (3.32), hence the 

values of L Le , h. and h but for the present work, the value of 0 

only is required. 
60 

According to Galuszynski' the above equations show that: 

the weft crimp is a function of weft elastic modulus (greater crimp 

for 'smaller modulus) and fabric tension in warp direction, 

(ii), the final warp thread angle, in the fabric depends on: weft elraztic 

modulus (greater modulus, greater 0 fabric, tension in the warp 

direction for the same value of p and p 
*5 

(iii) the assumption of constant 6 
il 

during the loom cycle can cause some 

discussion since 0 depends on T 
a 

Hence, using the calculated values 6a from equation (3.32) and the 

measured values of T 
yo ,cy, c,, p and a, the values of Zf, Ty and Wr can 

also be calculated, using equations (3.11), (3.13) and (3.14). The 

calculated values of Zf, T and Wr, using the two methods of calculating 

the most significant factor, Oj were compared with measured values from 

the weaving of three fabric samples (S. 4.5) in Section 5.1. 
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CHAPTER 4 

INSTRUMENTATION, PREPARATION AND DETAILS OF SAMPLES, 

EXPERIMENTAL PROCEDURE AND PRESENTATION OF RESULTS 

This section is concerned with explaining the experimental 

procedure adopted for obtaining data relating to the three cloths 

produced, namely HLA, HLB and RLB. 

The three fabric samples had the following main differences: 

For the HLA fabrics, the warp beam was warped under controlled condition 

with uniform tension applied to the whole width of warp. A Hattersley 

automatic let-off motion was used for weavifig the fabric samples. 

Another beam was warped with different tensions applied at different 

sections during-sectional warping. The Hattersley automatic and WIRA/Poole 

roller let-off motions were used for the weaving of HLB and RLB fabric 

samples. 

Overall width of the cloth woven for HLA, HLB and RLB fabrics were 

recorded autographically with an autographic width measuring device. The 

latter was developed and the details of this will be discussed. 

The detailed techniques of measuring and recording the weaving 

resistance, cloth contraction and warp tension at beat-up, during weaving 

of the three fabrics will also be discussed. 

The tables-and figures used to present the results will be given an 

additional bracketed fabric reference to that used for the sequence. They 

will have a reference (HLA), (HLB) or (RLB) put after the sequence number 

to indicate whether they are used in relation to and/or obtained from IILA, 

HLB and RLB fabrics, e. g. Table 4.1 (HLA). A common figure or table for 

the three fabrics will have only number according to sequence. 

0 
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In the tables, a full sample reference scheme for the results 

will be used as follows: - 

There will be four items in the full reference number, e. g. 

T 
ya2 

IT 
ya21 

HLA I M. 

The first number refers to the warp tension as defined in Table 4.6 

The second number will refer to the weft unwinding tension obtained 

from the shuttle eye plate pressure as defined in Table 4.7. 

The third number will refer to the fabric sample used. 

The fourth letter refers to the portion in the middle of the fabric 

section as defined in section 4.3.1.4. 

Imperial units will be used throughout for the different parameters 

i 
concernedsince the two important parameters, La and Les were measured 

ln'. thO crimp tester, which was graduated in imperial units. 
In the figures, the values taken from the x or y axii are multi`p-! i-cT---- 

by the figure used before the units e. g. PL(10-4 inch). 

4.1 Loom Particulars 

An 84 inches reed space Hattersley non-automatic weft supply. loom 

50 

was used. A description of the loom is given in the maker'Is pamphlet 

The following mechanical details are important in the context of the 

present work. 

4.1.1 Dimension 

Fig. 4.1 shows the imp'ortant dimensions of the loom used, where ky 

and Lf are the free length of yarn and fabric respectively in the loom. 

The distance from the clothfell to the point on the beam where the yarn 

is just released was taken as ky wbilst kI was measured from the clothfell 

to the point on the take-up roller where the fabric just touched the roller. 

For RLB samples, however, the distance k had to J)e iaken as the 
y 

distance from, the clotlifell to the point on the roller, B, where the yarn 

is released (F. 4.4a). 
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3 

21 

The length of warp from 2 to 1 is taken as 

Mhe length of fabric from 1 -to 3 is taken as 

-F- 

Firz. 4.1 Loorl dimension, Hattersley Standard 
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Values of k and Z, for HLA, RLB and RLB samples, obtained are 
YT 

given in Table 4.1 and were taken during the weaving of fabric samples, 

when the loom was at rest with the crank at back centre with healds 

level. It should be noted that these measurements are likely to change 

slightly when the loom is running and also when there is any change of 

warp tension. These tabulated measurements have been used to obtain warp 

thread extension during beat-up. 

4.1.2 The reed and its support 

An 84 inches wide pitch baulk reed was used throughout the weaving 

of fabric samples. The reed wires, checked for uniform spacing, were 

bound in position by a pitched twine on two wooden strips and kept at 

their top and bottom to prevent them from slipping during beat-up. The 

following are the particulars of the reed used: - 

Overall length = 5.75 inches 

Total number of wires = 1176 

Dents per inch = 14 
- 

Free length = 4.5 inches* 

Air to wire ratio = 65 : 35 

Thickness of reed wire = 0.0277 inch 

Material used = mild steel 

The loom used was a fast reed type, the reed being supported at its lower 

edge in a wooden block carried at a recess (F. 4.2) it the sley and its 

upper edge by a firmly fastened heavy hand rail. Every care was taken to 

fix the reed firmly in the sley, by using packing, so that there was no 

play at the baulks in the top and the bottom supporting grooves. 

I 
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Table 4.1 

The details of the important specifications used for the Hattersley 

standard loom 

Specification 
HLA 

Fabric 
Sample 

HLB 
Fabric 
Sample 

RLB 
Fabric 
Sample 

'l. Reed space available 84 ins. 84 ins. 84 ins. 

2. Reed width used 68 ins. 68 ins. 68 ins. 

3. Free length of yarn (k 75 ins. 75 ins. 66.5 ins. 
Y 

4. Free length of fabric (k ) 21 ins. 21 ins. 21 ins. 
1 

5. Maximim depth of the shed with 5.31 ins. 5.31 ins. 5.31 ins. 
slay back centre (H), 

6. Shed crosses 
126 126 126 

7. Right pick starts and is 263 263 263 

completed 295 295 295 

8. Left pick starts and is 247 257 257 

completed 287 287 287 

9. Shed starts to move 330 330 330 

10. Beat-up 180 180 180 

11. Shedding arrangement 28 lever -as HLA as HLA 

positive fabrics fabrics 
dobby 

8 heald 

shaft 
used 

12. Picking device use Pick at as HLA as HLA 

will fabrics fabrics 

under posi- 

pick tively 

motion driven 

13. Take-up mechanism Hattersley as HLA WIPA/ 

automatic fabrics Poole 

semi- roller 
positive posi- 

tively 
driven 

15. Shuttling arrangement Two as HLA as HLA 

shuttles fabrics fabrics 

of 48 

picks 
each 
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c. 

-*c 
j. 

Slay beam 

0 

Reed and its support 
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4.1.3 Shedding 

A 28 shaft positive double lift open shed dobby with jack levers 

was mounted on the left hand side of the loom used. It was driven from 

the low shaft through a pair of gear wheels, vertical shaft and a pin 

clutch assembly. The dobby also controlled the picking and drop box 

mechanism with an independent pattern chain. 

The settings and timings for shedding, picking and the movement 

of the going part were constant throughout all the experiments because it 

was not necessary to make any adjustments in these respects. 

4.1.4 Let-off Mechanism 

Two types of let-off mechanism were used, the Hattersley semi- 

positive motion, which is normally fitted, and the WIRA/Poole positively 

driven roller type device. 

In the Hattersley let-off motion (F. 4.3), the action of letting off 

the warp is initiated by the going part of the loom (A) which actuates the 

bowl on lever (B) once in every pick cycle. This in turn raiýes the end 

of the teller lever (D) through the stud E, -moving the pawls (G) forward 

to let-off the warp through connector (F) which'is connected to one end 

of the teller lever. The other end of D bears directly, through an 

adjustable set screw (K) bnto the swing lever (H) which supports the 

back-rail. The warp passes over this sensitive oscillating back-rail 

after leaving the beam. The pressure of the warp on the back-rail is 

counter balanced, through a connecting'rod (L) by the movement of a 

weight at the end of the lever (J), fulcrummed at M. 

A suitable weight is used to maintain a predetermined tension on 

the warp. The oscillation of the back-rail due to changes in the fell 

distance will thus be conveyed through the lever system to the ratchet 

pawls (G) which turn the ratchet wheel fýxed on a horizontal shaft (N), 
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Fig. 4.3 Hattersley standered let-off mechanism 
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which drives the beam through a worm and worm wheel arrangement (0). 

Thus any change in fell distance results in a movement of the back-rail 

which is utilised to bring about a speeding up of the beam rotation, 

and thus increase the fell distance. Similar effects will occur in the 

case of any increase in fell distance. 

In the WIRA/Poole roller let-off motion (F. 4.4a), the warp passes 

from the beam through rollers (A) and (B), and then round the back-rail 

and through healds and reed to the cloth fell in the usual way. Each 

fluted metal roller is covered with an elastic oil resistance rubber 

sleeve and these rollers are intergeared throughout their effective length 

so as to provide a positive cushion grip on the yarn. 

The rollers are driven through a train of spur gearing from a worm 

on the extended side shaft (F. 4.4b) from which the take-up is also driven. 

The tension of the warp is controlled by the let-off change wheel 

(F. 4.4b) and, it is claimed that, it remains constant when once determined 

for a particular make of cloth. Consequently similar looms weaving the 

same cloth can be set to have precisely the same warp delivery per pick 

by having the same size of change wheels for warp let-off. 

This let-off motion can be operated either as a fixed or a spring 

controlled back-rail. By turning the spring box housing for the back-rail 

through 180 degrees, the back-rail will be of af ixed kind. The spring 

operated back-rail only was used throughout this work. 

4.1.5. Take-up 

The take-up motion was of a positi, ýe continuous type. The fabric 

has a lap of 180 degrees over the take-up roller covered with fine grade 

metallic filletting to ensure a positive grip over it. The motion of the 

take-up roller is driven through a train of spur gearing from a worm on 

the extended side shaft with a gear constant of 1.0122. 
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batl 'W"11.2 

Muhd 

The length of warp from 1 to 2 is taken as Zy 

Th e length of. fabric from 2 'to 3 is taken , as kf 

Pic. 4.4(a) 

78. 

ý: 
TF 

Pic. 4.4 (b) 

4.4 (a) Loom dimension, WIRA/Poole roller 16t-off mo-chanism Pic 

(b) Driving and gearing arrangement 
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The temples are in the form, of a set of ten rings fitted with 

radiating pins and separated by washers with an additional ring fitted 

with pins to add extra support to the cloth. 

The temples are spring loaded and were adjusted horizontal and 

parallel to the reed. 

4.1.6 Picking 

The picking mechanism was a cone-over pick, 'pick at will', type 

with 4x4 shuttle box arrangement. Two shuttles weighing 214 ozs. each 

were used throughout the investigation. The picking arrangement was 

made in the way which gave 45 picks of required grey yarn then another 45 

picks of coloured yarn, and again in this order. 

The following are the particulars of the shuttle and pirn used: - 

Total length of shuttle = 187 inches 

breadth = 2-1'-6 inches 

height = la inches 

Weight'of empty pirn = 1.2, ozs 

full pirn = 31 ozs. 

The shuttles were fitted with a spring tension eye., 

4.2 Instrumentation 

The subject of this section is to describe the techniques, methods 

and instrumentations used to measure weaving resistance, fabric 

contraction, warp tension and width of cloth. 

The measurements of weaving resistance (W 
r) 

were done with strain 

gauges (S. 4.2.1). The ind'ication of the sley position for the measure- 

ments of displacement of cloth fell to obtain the cloth contraction at 

the moment of beat-up (Z 
f) was achieved with a linear transducer (S. 4.2.3). 
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Using the measuring head of the WIRA warp tension meter, the warp 

tension at the moment of beat-up (T ) and during the loom cycles were 
Y 

recorded (S. 4.2.2). The variation in the cloth width was recorded 

continuously by means of photoelectric cells as the cloth passed through 

the cell (S. 4.2.4). 

4.2.1 Measurement of weaving resistance 

It was decided to measure the weaving resistance by means of 

strain gauges. 

The mounting of the gauges in the reed wire itself 26 has been 

claimed to be rather difficult and laborious. This method of measuring 

the weaving resistance was, therefore, rejected in favour of a probe 

designed in the shape of a letter ILI (r. 4.5), which can easily be fixed 

in a way that constant contact with the wire is obtained. The gauges 

were mounted on the surface of the probe, so the deflection of the reed 

wires due. '. to the weaving resistance produced some deflection of the probe. 

The small grooves cut out at the edge, A, (F. 4.5) and along its 

whole width ensured that the probe was firmly in contact with the reed wires 

(F. 4.5AI The other end, B, of the probe had three'slots for fixing, by 

means of three bolts, the probe onto themetal strip supporting the sley 

beam. A small portion in the centre of the horizontal mandel of the 

wooden beam was chopped off and thethickness of the metal strip at that 

part was reduced for this purpose. 

The force acting on the free end, A, of the probe, in the direction 

of the warp thread, due to the bending of. the reed wire by the weaving 

resistance (Wr), produced a compressive strain, Sc, of the probe. The 

magnitude of 6C depends primarily on the thickness, t, and the width, W, 

of A, so that for compressive strain 6c 
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Wr 

6 

where, F= YourFls modulus of mater-Lal u. sed. 

i) 

Since the strain, 6 mneasurc. (d hy thc, , 
_,. 

iuges, the maximun, 

operatLig strain vol,, -ýe for the 6, , ohta. "lled frum Epeci: ýicdt. i-orl' 

should bc grcatkýr or equal to the strain, 6 or, 

CS 

Thc final dimensions of the, prohe v, cre found by trial and cri, or, 

considering the equations (Lj. 1) and (, 't-. 2). 

The grooves cut on the end, A, of the proll)(- nct only 

the fixing of the strain gauges out of contact with the yai, n, but 

also the mý, gnltude of the strain (= 4.1) for rIeaSUr(-'DICntS hy 

further recluction in thc thickness, t. Tile slot-- at the end, 13, for 

fixing the probe in the strengtheninE plate made it easier to adjust 

it vertically in the reed. The position of the probe in the reed was 

(4.2) 

always below the warp ends and the fell line to avoid damaging the warp 

as well as to avoid unwanted signals. The point of application of the 

weaving resistance on the reed was above the position of the probe. 

It is well known that the bending moment is also a function of the &r1n 

length, so in our case the best vertical position of the probe (out of 

contact with the warp threads) was chosen and kept unchanged during the 

whole experimental work concerned with weaving rosistance. 

I'ig. 11.6 shows the actual position of the in the loom. 

4.2.1.1 Specification ý, f the strain gaugns usc-] and their fixacion 

T 

Instead of using the co rive nt iondl wili, e oi, foil gauges, scmi- 

conductor strain gauges, typ: " "A d 2A-]A--3501 an(! 'I -3A--M, 0N5 worc, use 

-their hi. gh ouLpm- signal wi-th strain. The : C, -jc: torl of a strain 

gauge is defined a-, the fractional res_ýStdjjcc cli:, inp,! ý dividf, d hY 
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the strain change, (Ulk) ýmcl is an index of the btrain Oll: 
C, 

the gauge, of length, L', and res-Istance, lL. the, hfi-ghcr the gaugc 

f, 3clor, th2 more sc--)ciL.! vc, Lu,, q; o and the &. ý,: ý, aler the electrical 

output for recu, -ý. Dig Thr, ý spccilicýiticivý, ýýf the strain gautcs 

used are jlven in Tal, le 14.2. 

A uniforu but ihin layer of Ara)-dito v,, as aýýplicd at the top and 

bottom & the groove on the end, A, ok the probe (F. 4.5), which was 

roughened and cleancd before, and gauges were fixed with a uniform 

pressure. The gauges were kept firmly in position ovor the sarkace 

durin& the 24 hours curing period of the araldite. The terminals of the 

gauges were soldered very close to their bases with the flexible screcpod 

wires used for carrying the signals to the bridge (S. 4.2.1.2). The 

gauges were made moisture free by blowing hot air on them. A protective 

coolng of IN-Jel 1711 was then applied over them. 

4.2.1.2 Electrical set-up for strain moasuremcnt,, -; 

The changes in the electrical resistance of the strain gaugcýs, 

caused by the impact of the reed on the probe, gave out of balance 

voliage from the Wheatstone bridge and the sigral was fed into the 

ultv, a-violet recorder, type S. E. 22005, for recording continuousl Y. 

Two opposite a=s of the bridge (F. 4.7) fornied by the tuý) gauges, 

AI and A 
29 mounted on the probe and the other two arms were formed by the 

two resistances, so the dummy gauges for temperature compensation were not 

required. A variable resistance, RV, was used for balancing the bridge 

circuit. Both Ae gauges, AI and A 
2' are. active, since with a load 

imposed, as shown, (F. 4.7a), gauges AI ard A2 underwent tensile and 

compressive strains respectively and hence Acpeas, the sensitivity due 

to the increase in difference in the voltage between the Wheatstone anns. 
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Table ý 

Tiho specýificýilioil oll semiconductor straiii used 

2A-IA-350J' 
I 

2A-IA-350,11 
(Tensile 

I 
(Compressive) 

Element Sh icon Silicon 

Rpsistance 350Q 3509 

Working curre-9-1, 6mA BmA 

CHUge factor +120 -100 

Klyle of termipation 2 2 

Maximum working 3000 3000 

strain micro strain micro btrain 
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The bridge was supplied from a stabilised power supply, made by 

Messrs Farnel, with a constant voltage of 9 volts, through the voltage 

regulator. The use of a regulated stabilised power supply offers a 

stabilizing influence upon the operation of the Wheatstone bridge for 

strain indication. The amplification of the output from the bridge was 

not necessary. 

The complete electrical straingauge circuit for the measurements 

of weaving resistance is shown in Fig. 11.7. The resistance in the output 

terminal of the bridge was, necessary for the protection of the galvan- 

ometer, sincq the source resistance, R, of 350n (Wheatstone bridge) 
S 

was greater than the damping resistance, Rd, of 2500, of the galvanometer. 

The circuit diagram for the galvanometer damping resistance is shown in 

Fig. 4.8 and the value of R2 is calculated as follows: 

RxR 
s R2-. 11 

RR D 

so R 720SI. 
2 

The tests showed that 35 minutes warm-up were required before 

there were no shifts of the signals. Thus, this'time was used to warm up 

before any_experimental work was carried out. 

4.2.1.3 Calibration of assembly used to measure the weaving resistance 

The Wheatstone bridge, with the strain gauges on the probe, 

was balanced electrically in the normal way with a lOOkQ variable 

'resistance, RV (F. 4.7). 

The calibration procedure was carried out as follows: 

The probe was-fixed. in the stationary loom, with a closed shed, 

the reed in front position and slackened fabric and warp, so no pressure 

was applied to, the reed. Zero level M4 balance Wheatstone bridge) was 
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Fig. 4-7(a) Bending stresses 
P- applied force 

Pig. 4.7 Circuit diagram used to measure weaving resistance 
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R R, 

Rd 

G 

R9 . Golvanomcter Pcsistance 112- Parollel Resistance 

G- Golvonometer Rs . Source Resisitonce 

Rd - Damping Resistonce S- Df. ving Sourct 

. Scries Resistonce 1) - Damping Ratio 

19- Golvanometer Currcnt 

Pic'. 4.8 Galvanometer clamping resistancet cirmit diagram 
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then obtained and was recorded. The WIRA warp tension measuring head 

was put on the warp threads which had the probe with the strain gauges 

in the middle. The cloth fell was put in contact with the reed, without 

any pressure, and zero level from the probe was recorded again. The warp 

tension was next increased, step by step, winding up the warp on the loom 

beam so the cloth fell acted against the reed with a force equal to the 

warp tension. The signals from the strain gauges on the probe were 

recorded and the corresponding warp tension was noted from the WIRA 

warp tensionmeter. The shift of the galvanometer trace from the zero- 

load trace for each small unit of strain due to the increasing or 

decreasing of the warp tension were recorded and noted from the meter. 

Several such readings for loading and unloading were taken to minimise 

the errors. The calibration graph was plotted (F. 4.9) with warp tension 

(oz/thread) and the corresponding displacement of the galvanometer trace 

(inch) from the' zero load line (T. 4.3). The electrical calibration of 

the instrumentation was carried out each time before and after the 

completion of the weaving of HLA, HLB and RLB fabrics. The calibration 

constant, converting the length of the signal to force, for the 

measurements of weavin g resistance, representing the slope (m) and-the 

intercept (c) were calculated and given in Table 4.4 for HLA, HLB and 

RLB fabrics. 

4.2.2 Warp tension 

The warp tension during the loom cycles were autographically 

recorded continuously by using the measuring head of the WIRA warp 

tensionmeter, suitable electrical circuits and Ultraviolet recorder. 

The measuring bead of the WIRA warp tension-meter is a6 in. metallic 

rod with strain gauges fixed on its surface. The warp yarn while passing 
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Table L[. 3 (HLA) 

Calibration of the instrument to measure the cloth contraction (Zf), 

warp tension (T 
y) 

and weaving resistance (W 
F) 

for HLA fabrics 

Linear transducer to 
measure (Z 

f 

WIRA warp tension 
measuring head to 

measure warp 
tension (T 

y 

The probe to 

measure NT) 

Average Actual Average 
Applied 

Average Applied 
length of movement of length of load 

length of load to 

signal transducer signal (ozs. ) signal probe 
(ins. ) arm (ins. ) (ins. ) (ins. ) (ozs. ) 

1 0.039 0.039 0.0985 0.189 0.118 0.77 

2 0.079 0.079 0.217 0.378 0.138 0.877 

3 0.118 0.118 0.433 0.725 0.158 0.984 

4 0.157 0.157 0.788 1.324 0.177 1.092 

5 0.197 0.197 1.143 1.954 0.197 1.199 

6 0.236 0.236 1.320 2.332 0.256 1.521 

7 0.275 0.275 1.596 2.837 0.335 1.950 

8 0.315 0.335 2.049 3.53 0.374 2.164 

9 0.354 0.374 2.423 4.286 0.433 2.486 

10 0.394 0.413 2.778 4.917 0.512 2.915 

11 0.453 0.650 3.665 

12 0.472 0.492 0.749 4.202 

13 0.572 0.531 0.926 5.167 

14 0.551 0.571 

15 0.590 0.610 

16 0.630 0.650 

17 0.669 0.689 

is 0.709 0.728 
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Table 4.3 [(HLB) and (RLB)l 

Calibration of the instrument to measure the cloth contraction (zf), 

warp tension (T 
y) 

and weaving resistance (W 
r) 

for HLB and RLB fabrics 

No. 

Linear transducer to 

measure (Z 
I 

WIRA warp tension 

measuring head to 

measure warp 
tension (T 

y 

The probe to 

measure (Wd 

of 

rows 
Average Actual Average 

Applied 
Average Applied 

length of movement of length of load 
length of load to 

signal transducer signal (ozs. ) signal probe 
(ins. ) arm (ins. ) (ins. ) (ins. ) (ozs. ) 

1 0.039 0.039 0.295 0.756 0.118 1.2145 

2 0.079 0.079 0.453 1.324 0.138 1.403 

3 0.118 0.118 0.650 1.702 0.158 1.561 

4 0.157 0.157 0.788 2.08 0.177 1.719 

5 0.197 0.197 0.965 2.584 0.926 7.733 

6 0.236 0.236 1.044 2.805 0.433 3.777 

7 0.275 0.275 1.182 3.151 0.768 6.467 

8 0.335 0.315 1.379 3.719 0.532 4.568 

9 0.374 0.354 1.576 4.286 0.650 5.517 

10 0.413 0.394 0.355 3.143 

11 0.453 0.433 0.236 2.192 

12 0.492 0.472 0.217 2.036 

13 0.531 0.512 0.295 2.669 

14 0.571 0.551 

15 0.610 0.590 

16 0.650 0.630 

17 0.689 0.669 

18 0.728 0.709 
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. 
Table 4.4. 

The results of the regression analysis of the data obtained. from the 

calibration of different instruments used to measure WT and Zf 

Relationship b etween gradient 
m 

intercept 

C 

correlation 
coefficient 

r 

1. Signal from bridge circuit to 
measure weaving resistance 
(ins. ) and load (tension) in 

oz. /thread 

M for HLA fabrics, 5.44 +0.127-- 0.99 

(ii) for HLB and RLB fabrics 8.03 +0.295 0.99 

2. Signal from bridge to measure 
warp tension (ins. ) and load 

applied, (tension) in oz/thread 

M for HLA fabrics 1.769 -0. '03 0.99 

(ii) for HLB and, RLB fabrics 2.70 -0.01 0.99 

3. Signal from the linear trans- 
ducer (ins. ) and the actual 
movement of transducer arma- 
ture (ins. ) 

M for HLA fabrics 1.04 -0.003 0.99 

(ii) for HLB and RLB fabrics 0.96 +0.003 0.99 



262. 

end of the beam to be deflected. Since the strain gauges were fixed 

on both surfaces of the beam, their electrical resistance increased on 

the-one face while the resistance on the other side decreased due to 

the bending of the beam. The changes in electrical resistance of the 

-ension. The strain gauges being proportional to the applied yarn 4. 

conversion of the resistance changes into a visual recording of warp 

tension was achieved in the similar way as for weaving resistance. 

Four strain gauges, two on the upper and two on the lower surface of the 

beam, were thus connected in the form of a Wheatstone bridge, as shown 

in Fig. 4.10. The out-of-balance voltage from the bridge, caused by 

the warp tension (load), was fed into the Ultraviolet recorder for 

recording continuously. Since the signal from the bridge was weak, 

the out-of balance voltage was fed into the recorder via an operational 

amplifier. The complete electrical circuit used for the measurement of 

warp tension at the moment of beat-up (T 
Y) 

is shown in Fig. 4.10. 

The calibration of the electrical set-up and the indicating unit 

of the WIRA warp tensionmeter for measuring warp tension was 'done in the 

following way. 

The measuring head was electrically connected to the U. V. recorder 

and the WIRA indicating unit. Weights ranging from 10.02 lbs. to 110.23 lbs. 

were suspended successively one after another from the 6 inches metallic 

rod containing the strain gauges. The weights (i. e. the tension of the 

rope holding them) were compared with the related meter readings of 

the indicating unit and the two related sets of values were found to be 

almost identical. At the same time, a trpce of the signal, due to the 

changes in resistance, from these different suspended weights was made 

on the U. V. recorder for the calibration of the warp tension signal from 

the bridge on the chart. Several such readings for loading and unloading 

were taken to minimise the errors. 



O. P Operational Amplifier 
ST Strain gauge 1 ý; 

21 Strain gauge 2 
R Variable resistance 
v 

Rl - Resistance 
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Pig. 4.10 Circuit diagram used to record the characteristics 
of -warp tension 
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Final calibration results are shown in Table 4.3 and Fig. 4.11 

giving a linear relationship between the applied load (tension) in 

oz/thread and the corresponding displacement of the trace (inches) 

from the zero load line. The calibration constants, converting the 

length of the signal to force, for the measurements of warp tension at 

beat-up (T 
y 

), representing the slope W and the intercept were calculated 

and given in Table 4.4, for HLA, HLB and RLB fabrics. 

The warp tension at closed shed (Ty. ), the loom stopped and reed not 

in contact with the fell, was measured by the WIRA warp tensionmeter 

(indicating meter) which shows the average warp tension of the yarn. 

4.2.3 The sley position indication for the measurement of the displacement 

of the cloth fell 

The principi of the D. C. /D. C. linear transducer was considered, 

as to its suitability, to record the movement of the reed during beat-up 

for the measurement of the displacement of the cloth fell during beat-up. 

The D. C. /D. C. linear transducer is a self contained unit which, 

when connected to a D. C. supply, produces a D. C. output signal which is 

proportional to the linear displacement of the transducer armature. 

The transducer (A) was positioned (F. 4.12) horizontally in front 

of the reed (B), above the fell. of the cloth, by mounting the trans- 

ducer in a holder fixed at the end of an ILI shaped bar (c) fixed on 

the crossbar of the loom. A small portion, on the top part, of the reed 

was blocked by a plate (D), so that as the-reed moved towards the front 

position, the plate would push the armatdre inside-0-mthe next return 

journey towards the back position, the armature will move in the 

opposite direction. The results of these armature movements will thus 

produce positive and negative output signals which are proportional to 

the linear movement of the armature core. ' This output signal from the 

k- 4- nn n-F f-. hp qnri ncy 
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I 

transducer was fed to-the U. V. recordei, via a variable resistance, Rv 

(F. 4.13), because the output voltage from the transducer (maximum of 

2V at full stroke) was higher than the source impedence of the galvan- 

ometer. The resistance, R, was also used to control the length of 
V 

the trace on the recording paper a given linear movement of the armature. 

The calibration of the transducer was carried out by placing the 

transducer, as is shown in Fig. 4.14, ' in front of a moveable pointer, 

A. The arrangement allowed the armature to move in and out precisely 

by the graduated disc, B, attached at the. other end. One revolution 

of the disc was equivalent to 3.937 X 10-2 inch linear movement of the 

armature by the pointer. 

With the pointer (A) in contact with the tip of the armature, 

without pushing it inward, the signal from the-transducer was recorded 

and referred to as the zero line. Next, the armature was moved inward 

by one clockwise turn on the disc (B) and the signal was repeated. 

The distance between these'two signals thus represented the actual 

movement of the armature. The experiment was repeated over 0'. '71 inch 

of actual movement of the armature in both positive and negative 

directions and the average over both directions*was*taken for 

calibration.. The results are shown in Table 4.3and Fig. 4.15 giving 

a-linear relationship between the actual displacement of the transducer 

armature and the corresponding distance between the trace and zero 

line. The calibration constants, converting the length of the signal 

to the actual armature displacement, representing the slope (m) and the 

intercept (c) were calculated and are giyen in Table 4.4 for HLA, HLB and 

RLB fabrics. 
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RV - variable resistance 

Fig. 4.13 Circuit diap7am used to record the forivard movement 
of reed during beat-up. 
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N. 2.4 Cloth wid. th measuriLig device 

There are devices produced by textile machincrýv makers which can 

be used for accurate control of cloth wid-Lh during finishing by mcasur-Ing 

the cloth width delivered by the tenter or equivaleni.. machine and 

altering the wRIth of the guidc-s accordingly. Example- Of t'll('Se 

'ahlo width control device for use with terlters and tl-,, e devices are the M 

S. I. R. A. photo-electr-', -c 
device for controlling drying, machines for linen 

fabrics. 
G6 

A ncý-., dev`,. ce -Ec- the wicl-LIh oi- cloth has been dcvelop, ý,, 

which prc\U"ý. iýý,: Dz; ýt collLilluous chýirt ,; I,, Ith variation Iýhc 

length as the piece passes over the edge seeking carriages, as is shown 

in Fig. 4.10. The edge seeking carriage comprises 40 elements of. -' 

photocell arrays, separated by the nominE. 1 clcth width and each on:,, in 

iri ýiný cut-., contact with a selvedge. Each of these : arrL, ý', es 

according to the cloth width, driven by an clect? -ic motoi Sigrals 

obtained from each illuminated cell generates a stai-ýdard curreiýt wh! -ch 

is summed in an operational amplifier to provide a recorder with current 

proportional to cloth width. The manner in which the summiation is made 

is such that up to ý2ý'ý inch sýde ways mov-ument of each selvedge, due to 

all causes other than differences in fabric width, will not affect the 

measurement of the width of the cloth. Fig. 4.16 shows the basic block 

diagrams of the signal processing system of the cloth width measuring 

device. Fig. 4.17 shows the circuit diagram for the recorder ampiifieL' 

and carriage position potentiometer used to ýe', the nominEl width. 

Recording chart calibration procedure is ýs follows: 

After the warming-up period tho edge detectors are set at the 

minimum width position. Using the nornial width control knob, the 

recorder pen is zeroed. Next the edg(, detectnrcý are positioi. ed to 

normal width and the requi. red def 1CICtiOll (Le, ý40 diV *1_1; 1,0111: 1 01! t h(' L 
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are obtained by adjusting the calibrating control knob. The recorder 

pen is then set at midscale on the chart by means of the normal width 

control knob. The recorded line on the chart indicates zero, width when 

the width of the cloth to be measured is exactly the same as the distance 

between the two edge seekers set at normal width position. The recorder 

indicates plus or minus from this zero line when the cloth width varies 

from the chosen width. After the calibration of the chart, the device 

is capable of recording width variation for a wide range of cloths by 

simply repositioning of the edge detector carriage to the nominal width 

of the cloth. 

Fig. 4.18 shows the general layout used to record autographically 

the variation of the cloth width for those fabrics produced during 

experimental work, i. e. HLA, HLB and RLB. 

In order to obtain a fairly constant cloth transport through the 

w 
edge detector at a ratioed speed of the chart, an F. H. P. motor speed 

controller is used in conjunction with the motor driving the roller 

1 (F. 4.19) where also the driving arrangement of rollers 1,2' - and 4 is 

shown. The arrangement of cloth transport, as is shown in Fig. 4.18 and 

4.19, provides a recorded width indication with a length of chart paper 

that is analogous to the cloth length at some specified ratio. 

4.2.5 Comment 

Considering errors which could be made during this experimental 

work, one would pick out that they could be due to the instrumentation 

method applied or some other factors. Every care was taken with 

instrumentation by checking the electrical sensitivity before and after 

each working session. The amount of errors made during the measurement 

and-the reading of the signals are due to such factors as: line thickness, 

interference of the signals and the sensitivity of the instrumentation. 
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Belt 

lBelt 

Slipping clutch 
attached 

/ 

Fir, *. 4.19 Driving arrangement of cloth transport through thewidth 
measuring device( Fig. 4.18 ) 
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During measuring of weaving resistance, that is when recording the 

signals, a change in the value of the signals could be made by such 

factors as a change in the vertical position of the cloth fell, due to the 

change in the back rail; it has a general tendency to slip down when 

the reed acts for a time. A take-up mechanism also, if it does not 

work properly, would caus ea change in cloth fell position. 

N 

4.3 Preparation of fabric-sample, experimental procedure and results 

The influence of warp tension on weaving resistance was investigated 

by Greenwood, Chen Jui-Lung and Backman (S. 2.5.1.3). All of them dealt 

only with one fabric and obtained rather similar results, and they con- 

cluded that the increase of weaving resistance due to the increase of 

warp tension could be neglected. Later Galuszynski 1609261 
considered not 

only the weaving resistance as a function of fabric structure Wt also in 

terms of warp tension at closed shed, weft elasticity for plain weave and 2/1 

2/2 He concluded that the relation between the warp tension at 

closed shed and weaving resistance can be treated as linear; an increase 

of warp tension leads to a proportional increase in weaving resistance for 

all fabrics. 

None of them considered the yarn tension changes during beaming 

and the different -let-off motions in their experimental work. 

In the present work, for the purpose of estimating the effect of 

changes in warp and weft tensions on the weaving resistance, cloth 

contraction and the warp and weft thread spacings, 36 different cloth 

samples were woven in 2/2 twill weaves. 

The Hattersley standard and WIRA/Poole roller let-off motions were 

used to weave the fabric samples, using two warp beams, each containing 
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56 ends per inch. A constant linear rate of take-up was used for 

weaving all the fabrics. Four different levels of closed shed warp. 

tension and three levels of weft tensions were used to weave 12 cloth 

samples each in the HLA, HLB and'RLB fabrics, giving a total of 36 

different fabric samples. The dimensional parameters of the fabrics 

(p and L) were measured when the cloth samples were brought to the 

defined D. R., W. R. and T. states. 

In the following two sections, there will be a detailed description 

of the preparation for weaving the fabric samples (S. 4.3.1) and the 

experimental procedure adopted to measure the different parameters and 

the results obtained (S. 4.3.2). 

4.3.1 Preparation for weaving fabric samples 

4.3.1.1 Details of yarn specification 

The yarns used. for preparation of the fabric samples, HLA, HLB 

and RLB were made from 55% Polyester, 45% Woof and were spun on the 

worsted system at 2/36's nominal worsted count. The actual yarn count 

and-1wumsper inch (T. P. I. ) were determined by B. S. 2010 165 
and B. S. 2085 266 

methods respectively and the yarn details are given in Table 4.5. 

4.3.1.2 Warping and beaming 

The warp sections were built-up by using the Atkins Fulford, 

W. M. 36 model, warping machine before they were beamed off. Two warp 

beams, each 68 inches wide, were used for the three fabrics, HLA, HLB and 

RLB. Twenty-two sections of 168 ends each and one section of 112 ends 

were put on the swift (i. e. 3808 ends including selvedges). 

A 14 dents per inch reed was used, sleyed 4 ends per dent, giving 

56 ends per inch. 
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Table 4.5 

Details of the specifications of the warp and weft yarn us6d to weave 

HLA, HLB and RLB fabrics 

Yarn Specification Value 

1. Fibre content 55/45 Polyester/wool 

2. Nominal single equivalent worsted count 18's 

3. Actual mean single tex count cotton R 47.6 Tex/2 

4. c. v. % of cotton count 12.41's 

5. Ply 1.38 

6. Single twist direction z 

7. Ply twist direction S 

8. Mean T. P. I. single 10.18 

9. c. v. % of single T. P. I. 3.20 

10. Mean T. P. I. ply 12.11 

11. c. v. % of ply T. P. I. 4.92 
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4., 3.1.2.1 Special uniformly tensioned warp beam 

One of the beams which was used for the weaving of HLA 

fabrics, was again beamed off in a commercially available constant 
64 

tension Wilson and Longbottom, beaming machine 

The original beam was placed at the back of the machine and all the 

yarns were drawn through a three roller tensioning arrangement on to a 

new beam. The tension was applied across the whole width at a constant 

level, while the machine was running and measured on average about 1.4-1.52 

ozs. per end. The tension was applied by an hydraulic system and the 

meter at the front of the machine showed the total tension applied across 

the whole width. This warp beam will be referred to as bean. A and it 

was used to weave HLA fabric samples. 

4.3.1.2.2 Different levels of tension introduced in some warD sections 

Another beam which was used for the weaving of HLB and RLB 

samples was made up of sections with different levels of yarn tension. 

The weights on the tensioning device in the creel were changed accordingly 

to obtain different levels of tension. 

During warping, the last seven sections and the first four sections 

(i. e. 1 section of 112 ends and 3 section of 168 ends) were built-up with 

an average of 1.06 - 1.34 ozs. /thread running tension, referred to here 

as low tensioned sections. Whilst the other two groups of six sections 

each in the middle of the beam were built up with 2.12 - 2.29 and 1.41 1.76 

ozs. /thread referred to as high and normal tensioned sections respectively 

(Fig. 4.20). In order to make sure that. a reasonable range of tensions 

was obtained across each group-of sections, some checks were made on the 

yarn tension as the thread left the creels. Marker yarns were used at 

the junctions of the two levels of tensions for identifying them in the 

later stage of investigation. This beam will be referred to as beam B 

and it was used to weavp HLB and RLB fabrics. 
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S1 and S2 - Selvedges 

11,111.2t IZ, 114,15 andIJ6 - Coloured marker warps 

A, B and C- Cloured marker. at the junction. of ivo levels of 
tension introduced during warping(beam - B) 

P1 and P2 - Tleft marker threads 

K1 and Y. 2 - Coloured marker &t the change of either warp and/or 
woft tension 

S1 to A-7 sections. 1.06 -1-34 oz/thread average tension used 
during warping( beam-B) 

A to B-6 sections, 1.41 - 1.76 oz/thread average yarn tension 

used during warping(beam - B) 

B to C-6 sections, 2.12 - ý, 29 oz/thread average tension used d 
. during warping( beam - B) 

C to S2 -4 sections, 1.06 - 1-34 oz/thread average yarn tons-ion, 

used during warping( beam - B) 

Fig. 4.20 Iýirking out of cloth namples 
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4., 3.1.3 Weft preparation 

The weft for all three fabric samples, HLA, HLB and RLB, was 

wound on a Leesona Universal type winding machine. The pirn winding 

tensions were adjusted according to the count of yarn and in order that 

the pirn would he suitable for proper weaving conditions. The tension 

used for weft win ding was measured and checked with the WIRA running 

tension meter and the mean winding tension was 1.94 - 2.29 ozs. The 

overall length of the pirn was 9 inches with a wound length of 7.44 inches. 

The average weight of yarn on the full pirn was 3.5 ozs. 

4.3.1.4 Marking out of the sample in the loom 

All the cloth samples were divided into three squares across and 

along the length by using marker threads (Fig. 4.20), so that there could 

be sufficient cloth samples to carry out the experimental work. The 

squares were put four inches apart across the width of the warp, inside 

each tension level i. e. low, normal and high tensioned sections 

(S. 4.3.1.2.2) and at the same distance from the selvedges to avoid the 

possibility of using any distorted fabric. ' Th. ese sections of the cloth, 

within the two marker threads, across the fabric width will be referred 

to as the left hand, middle and right hand sections (L. H. S., M. S. and 

R. H. S. ) cloth samples. 

4.3.1.5 Weaving 

The loom was run when all the instruments were ready to be used 

i. e. after setting and adjusting the instruments for recording purposes, 

preceded by 35 minutes of warming up of the-'instrument. The average run- 

ning warp tension was frequently checked with WIRA warp tension meter. 

When reasonably suitable warp tension had been obtained, the loom was kept 

running so that a foot or so of the cloth could be woven before the weft 
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marker thread, i. e. Pl in Fig. 4.20, was inserted. Thus the warp and 

the cloth tensions were in a reasonably settled state whilst the length 

of sample cloth was being woven. When the loom-was weaving the sample 

length, the signals due to the weaving resistance, warp tension and sley 

position were recorded continuously for about 30 picks at'the beginning 

and towards the end of each fabric sample. The second weft marker thread, 

P2 in Fig. 4.20, was inserted after the sample of more than 12 inches was 

woven. The loom was restarted to weave a further few'inches of cloth at 

the required closed shed warp and weft tensions. 

Next the loom was stopped at closed shed and the warp tension was 

immediately recorded again with the WIRA warp tension meter at five places 

across the reeded width. The warp and weft thread spacings with the healds 

level, were measured with a small microscope with a graduated scale. 

By weaving the extra cloth before and after the first and second 

weft marker threads i. e. P1 and P2 in Fig. 4.20, respectively, it provided 

an adequate amount of spare identical cloth for the many tests to be, 

carried out. Every care was taken to ensure that the loom. could be kept 

running whilst the test area was being woven. 

Before increasing the level of closed shed warptension, another two 

cloth samples were woven using another two shuttles with different eye 

plate pressure. 

The-closed shed warp tension was changed four times by putting 

different weights on different places of the weight lever of the Hattersley 

standard loom, during weaving of the two fabric samples, HLA and HLB. For 

weaving RLB fabric samples, 
_this 

was achieved by using a different change 

wheel on the train of the WIRA-Poole roller let-off motion, which controlled 

the amount of letting-off, warp yarn through the two rubber cushion rollers. 

Each sample was labelled, according to the reference of warp and weft 

tensions used during weaving and the section in the loom i. e. T JT 111LAIN. 
Yaya2 
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Details of fabrics woven and sample references used are given 

in Table 4.6 [(HLA), (HLB) and (RLB)l respectively for HLA, HLB and RLB 

fabrics. 

The actual warp and weft threads per inch for the different cloth 

samples were calculated from the D. R. state values of warp and weft thread 

spacings. 

For each cloth sample reference, there were three such values of 

thread spacings, i. e. from the left hand section (L. H. S. ), middle section 

(M. S. ) and right hand section (R. H. S. ) across the complete cloth width. 

4.3.2 Experimental procedure and results 

4.3.2.1 Relaxation of fabric samples 

When the fabrics were removed from the loom, they were cut out 

about 2 inches outside the coloured marked threads. The fabric samples 

were then subjected to the following relaxation treatment: 

i) The woven samples laid flat to relax for a period of not less 

than two weeks; they were then referred to us as dry relaxed or D. R. 

samples. 

ii) After measuring the various required parameters, the D. R. samples 

were given a static wet relaxation treatment and then they were called wet 

relaxed or W. R. samples. For wet relaxation, the samples were laid flat in 

a container holding water and a small amount of wetting agent at a tempera- 

ture of 40 0C for 24 hours. The uniformity of temperature was maintained 

by a thermostat controlled heater. The samples were then removed and laid 

flat on a hard surface to be dried in a rbom temperature of 200C. 

iii)' When the experimental measurements had been taken at this W. R. 

state, the fabrics were tumbled in a commercial Burco tumble dryer with an 

internal air temperature of 700C. Initially, the first tumbling was done 

for 20 minutes and subsequent but similar'tumblings were done with extra 
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Table 4.6 (HLA) 

Details of cloth woven, HLA fabrics, using warp beam A and 

Hattersley let-off motion 

Sample 
Reference 

Actual threads 
per inch (1/rD) Warp tension at 

closed shed 

Weft unwinding 
tension, Ty. 

Tya (oz. /thread) (oz. /thread) 
warp weft 

T 
I 

IT 
2 

59,01 50*55 1.13 1.14 
ya Ye 

IT T 58.91 50.49 it 1.38 
ye4 yaI 

T T 58.82 50.53 if 1.88 
ye6 ya2 

T T 59.21 50.86 1.23 1.14 

ye2 ya2 

T T 59.16 50.85 11 

1 

1.38 

ye4 Ya2 

IT T 59.36 50.98 1.88 
ye6 ya2 

IT T 59.15 51.00 1.29 1.14 

ya3 ye2 

IT T 59.43 51.00 11 1.38 

ye4 Ya3 

IT T 59.40 51.03 11 1.88 
Ye6 Ya3 

IT T 59.28 51.26 1.35 1.14 
ye2 ya4 

IT T 59.47 51.31 11 1.38 

ye4 Ya4 

IT T 59.37 51.27 11 1.88 

ya4 ye6 

.. . 
-. 

I '-' ''' '-' ''. I .......... .... 



Table 4.6 (HLB) 

Details of cloth woven, HLB fabrics, using warp beam B and Hattersley 

let-off motion 

Sample . 

Reference 

Actual number of 
threads per inch 

UP,, ) 

Warp tension at 
closed shed 

T 
ya 

(oz. /thread) 

Weft unwincing 
tension, Ty. 

(oz. /thread) 

........ - Warp, Weft 

T IT 58.93 52.03 1.16 1.1110 
ye2 vaI 

IT T 58.97 52.30 is 1.384 
Y84 yal 

T IT 58.92 52.17 It 1.881 
IL ya y 

IT T ý8.63 52.88 1.32 1.14 
ye2 ya2 

1T 
T 58.86 53.38 It 1.38 
ya 2 Y04 

IT 
T 58.77 53.16 1.88 

ya2 ye6 

IT T 58.93 53.73 1.53 1.14 
ye2 ya3 

1T 
T 58.90 54.09 It 1.38- 

ya3. Y. 4 

1T 
T 58.88 54.00 1.88 

ya3 Y. 6 

IT T 59.07 54.91 1.64 1.14 
ye2 ya4 

T IT 59.10 54.47 11 1.38 
Ya4 Y. 4 

T IT 59.06 54.50 it 1.88 
4 .6 ya y 

N 

288. 
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Table 4.6 (RLB) 

Details of cloth woven, RLB fabrics, using warp beam B and WIRA/Poole 

roller let-off motion 

Sample 
Actual threads 

per inch (1/pD) 
Warp tension at 

closed shed 
/th d) T( 

Weft unwinding 
tension, T 

Y Reference oz. rea 
ya (oz. /thread) 

" 

warp weft 

T IT 58.73 55.18 1.21 1.14 
ye2 Yal 

T IT 58.89 55.88 1.38 

ya I ye4 

IT T 58.77 55.24 1.88 

ye6 yaI 

IT 
T 59.04 56.37 1.37 1.14 

ye2 ya2 

IT T 58.92 56.06 if 1.38 

ya2 ye4 

IT T 59.00 55.737 1.88 
y&2 ye6 

IT 
T 59.19 57.79 1.58 1.14 

ye2 ya3 

IT T 59.44 58.87 if 1.38 

ya3 ye4 

IT T 59.43 58.35 1.88 
ye6 ya3 

IT T 59.25 60.51 1.69 1.14 
ye2 ya4 

IT T 59.41 61.39 of 1.38 

ya4 ye4 

IT 
T 59.28 61.18 1.88 

y&4 ye6 

1 
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times of 
. 

20,40 60,80 and 100 minutes. These were referred to as T2, T2 

T3, T4, T5 and T6 respectively*. 

The values of warp and weft thread spacings (pa and pe) and modular 

lengths (L. and L. ) were measured (S. 4.3.2.5) from four cloth samples from 

HLA fabrics in the D. R., W. R. and T, to T6 states. The changes (%) in the 

values of pa1, peg % and L. at different relaxation states from that in the 

loom state (I. L. S. ) for p values and in the D. R. state for the L values 

were calculated (Appendix B8) and plotted against the different relaxation 

states in Figs 4.21,4.22,4.23 and 4.24 respectively. 

10 
Figs. 4.21 to 4.24 show that after 80 minutes of tumbling at 70 C, 

very little further dimensional changes occurred, i. e. the dimensions of 

the fabric samples (i. e. values of pa$ pe$ % and L. ) at T5 and T6 states 

were nearly the same as those-at Tý. Further experiments and also previous 

22 
work showed that if fabrics were given only one tumbling treatment for 

80 m'inutes at 70 0 C, there would'not be any significant difference between 

their dimensions and those at T4 above. It was decided, theref6re, to 

give W. R. samples only one tumbling at 760C for 80 minutes and these 

fabrics were referred to as T. R. samples. 

4.3.2.2 Conditionina of fabrics 

The fabric samples were kept in a conditioning room which was 

maintained at a standard atmosphere of 65 ± 2% relative humidity and a 

temperature of 20 ±20C, as given by B. S. 1051 267. 
, 

for at least 24 hours 

before any measurements of the out of loom fabric parameters were made. 

4.3.2.3 Weft unwinding tension 

Weft tension during weaving was controlled and varied by using 

the Honex-type shuttle eye. Two light adjustable springs are provided 

and suitable manipulation of these varies, the pressure on the yarn. In 

turn this affects the unwinding tension. 
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The spring pressure was adjusted by passing a length of yarn 

between the pressure plates with one end free within-the shuttle. The 

yarn outside the shuttle was passed over a virtually frictionless, pulley 

and weights were attached to this, end. The measurements consisted in 

determining the minimum value of the weight necessary to start the yarn 

moving through the pressure plates. The value of these weights varied 

between zero and 0.21 ozs., the actual weight in use being 

0.07,0.14 and 0.21 oz. The eye plate pressure was kept constant 

throughout the work. 

The weft unwinding tension was measured with the aid of a Shirley 

weft unwinding tension meter with the shuttle away from the loom. 

The meter is shown in Fig. 4.25, it consists of a light alloy 

carriage carried at the extremities of two thin steel strips about 

3 ft. long, 2' inch wide and 1/50th of an inch thick, which are clamped 

rigidly at their upper ends to a bracket secured to the wall. The 

shuttle, provided with a pirn is placed on the carriage and the yarn 

from the shuttle is taken out through the shuttle eye to a yarn guide 

and then on to a winding drum. 

The tension in the yarn as it unwinds exerts a force on the 

carriage causing it to move against the force of gravity. The 

horizontal displacement of the shuttle and the carriage is a measure 

of the tension in the yarn. A scale calibrated in grammes is fixed to 

the wall bracket and the position of the carriage relative to the scale 

is shown by a pointer attached to the carriage. 

Any residual oscillation of the carriage after the pirn is 

exhausted, is prevented by the use of a pawl and ratchet, so that the 

carriage can move only in one direction. Before taking any readings the 

system is allowed to come to rest with the pawl lifted away from the 

ratchet. When the pirn is exhausted the carriage remains in the 
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deflected position indicating the final tension. 

For any combination of yarn on the pirn and the shuttle eyeplate 

pressure, the experimental procedure was as follows: - 

The pirn was inserted in the shuttle and the shuttle was placed on 

the carriage of the meter. The yarn was taken out of the shuttle-eye 

through the yarn guide and on to the'winding drum - set to give an unwinding 

speed of approximately 34 feet per second. Readings were taken at the 

beginning and at the end of the pirn. For each combination of settings 

five separate determinations were carried out. The results in this 

account are the average of these separate determinations. 

The average values of initial and final tension recorded are set out 

in Table 0.07,0.14 and 0.21 ozs., shuttle eyeplate pressure used. 

For convenience, through the work T 
ye2 9T ye4 and T 

y*6 will be used to 

denote the final withdrawal tension recorded in the Shirley unwinding 

tension meter, using shuttle eyeplate pressure of 0.07,0.14 and 0.21 ozs 

respectively. 

4.3.2.4 Warp tension (T ), weaving resistance (W ) and cloth contraction (Z, 
Y- r 

The three signals, depicted in Fig. 4.26 showing warp tension (K), 

beat-up force W and sley position (M) were continuously and simultaneously 

recorded for about 30 picks at the beginning. zýnd, towards the end of weaving 

of each fabric sample (T. 4.6). After completing weaving of each fabric 

sample the loom was stopped at closed shed and the warp tension was immedi- 

ately registered from the WIRA warp tension meter. 

Examining Fig. 4.26 where the characteristics of warp tension cycles 

are shown M, it can be seen that the value of the signal due to the warp 

tension at the moment of beating-up pf picks is the distance between the 

points J and line FG; the line FG represents the zero warp tension line 

(i. e. FG the base line). 
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Table 4.7 

Weft unwinding tension measured at the Shirley weft unwinding tension 

meter 

I 

Weft tension Shuttle eye Tension 
reference plate pressure (ozs. ) (ozs. ) 

Initial - 0.649 
T 0.070 

ye2 
Final - 1.14 

Initial - 0.872 
T 0.141 

ve4 
Final - 1.384 

Initial - 1.193 
T 

ye6 
0.212 

Final - 1.881 

0 
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Pip,. 4.26 Examplo of the signals due to (1) warp tonsion(K) 
(2) beat-up force (L) and (3) sloy position (M) 

Distance(FG to J) x constant = warp tension at the 

moment of beat-up, 

Distance (A to B) x constant = weaving resistance 

Distance (D to E)x conotant = Cloth Co-rVT-Or-Vivv-t-* 

The line FG and aal represont the base line 

The measurement of cloth contraction w'ould have been easier if the 
chart speed had been higher. 
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It can also be seen that the value of the signal due to weaving 

resistance (signal L) is the distance between the points A, on the base line 

a-at, where the beat-up force starts to point B, where it has its 

maximum. 

Since the signals due to w4rp tension (K) and sley position (M) 

were recorded simultaneously with the signal from the weaving resistance 

(L), a line drawn perpendicular to the base line a-a' at point A will 

bisect the signal M at point D. This is, thus, the point on the signal 

M from which the measurement of the cloth contraction is to be made. 

Then, the value of the-signal due to the displacement of the cloth fell 

during beat-up period is the distance between point D, where the reed 

first comes in contact with the fell and moves forward to'point E, which 

is the front centre position of the reed. 

The perpendicular distances J. FG, A. B. and D. E. were measured 

over 30 picks and converted to actual values for warp tension at the 

moment of bbat-up (T 
y 

), weaving resistance (W 
r) 

and cloth contraction 

(Zf) by using the calibration constants given in Table 4.4. -- 

The 36 sets of average values of weaving resistance (Wr), warp 

tention at the moment of-beat-up (T 
y) 

and the related statistical 

measures were calculated and are given in Appendix B. In Table 4: 8 

[(HLA)M, (HLB)M and (RLB)MI, the average values of Wr, Ty and Zf are 

given in columns 3,4 and 5 respectively for the three fabric samples 

HLA, HLB and RLB. 

I 
As mentioned earlier, the closed shed warp tension (Ty. ) was measured, 

at the beginning and after completing each fabric sample, with the WIRA 

warp tension meter ýLt five places, on a group of 280 ends each time, 

across the width of the warp sheet, near the back rail. The average values 

I of closed shed warp tension (Ty. ). for the 36 cloth samples are also given 

in Table 4.8 [ (HLA) 
, 

OMB) and (RLB) coltunn 1. 
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Table 4.8 (HLA)M 

Average values of T 
ya , Zf ,Ty and Wr obtained during weaving of HLA 

fabric samples 

Fabric sample 
reference 

Closed shed 
warp tension 

T (oz/thread) 
ya 

Cloth 

contraction 
Z (ins. ) 

Warp tension 

at the moment 
of beat-up 

Ty (oz/thread) 

Weaving 

resistance 
(oz/thread) Wr 

T 
2 

IHLAIM 
l 

IT 1.134 0.27 1.64 0.73 
ye Ya 

T 
e4 

IHLAIM 

al 
IT if 0.28 1.71 0.72 

y Y 

T IT IHLAIM 
e6 l 

it 0.28 1.60 0.78 
Y ya 

T IT 
2 

IHLAIM 
2 

1.229 0.31 1.88 0.83 
ya ya 

T 
84 

IHLAIM 
2 

IT 11 0.30 1.87 0.79 
ya Y 

T 
6 

IHLAIM 
2 

IT It 0.30 1.75 0.80 
ya ye 

T 
2 

IHLAIM 

3IT 
1.292 0.34 1.96 0.93 

ye Ya 

T 
4 

IHLAIM 

3IT 
11 0.35 2.02 0.95 

ya ye 

T 
86 

IHLAIM 

3 

IT 11 0.35 1.97 0.87 
Y Ya 

T 
2 

IHLAIM 

6 

IT 1.355 0.37 2.02 1.03 
ye ya 

T 
4 

IHLAIM 

6IT 
0.42 2.09 1.01 

Ye ya 

T 
e6 

IHLAIM 

i6 

IT 0.42 2.07 1.01 
y y 
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Table 4.8 (HLB)M 

Average values of Tya, Zf ,Ty and Wr obtained during weaving of HLB 

fabric samples 

Fabric sample 
reference 

Closed shed 
warp tension 

Tya (oz/thread) 

Cloth 
contraction 

Zf (ins. ) 

Warp tension 
at the moment 

of beat-up 
T (oz/thread) 
y 

Weaving 
resistance 

Wr (oz/tl. a-ead) 

T 
2 

JHLB IM 
l 

JT 1.16 0.41 1.80 1.04 
ye Ya 

T 
e4 

JHLB IM 
I 

JT of 0.41 1.81 1.10 
y ya 

T 
6 

JHLB IM 
I 

IT 11 0.41 1.84 1.07 
ya Ye 

T 
2 

JHLB IM 
2 

IT 1.32 0.43 1.97 1.15 
ye ya 

T 
e4 

JHLB IM 
2 

JT it 0.44 1.96 1.15 
y ya 

T 
6 

JHLB IM 
21T 

it 0.43 1.93 1.14 
ye ya 

T 
2I 

H*LB IM 
3 

JT 1.53 0.47 2.31 1.24 
ye ya 

T 
4 

JHLB IM 
3 

JT it 0.49 2.20 1.19 
ye ya 

T 
6 

JHLB IM 
3 

IT if 0.49 2.23 1.20 
ye ya 

T 
2 

JHLB IM 
4 

JT 1.64 0.51 2.47 1.36 
ye ya 

T 
.4 

JHLBIM 
4 

IT 0.52 2.44 1.35 
y ya 

T 
6 

IHLBIM 
4 

IT it 0.51 2.41 1.33 
Ye ya 
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Table 4.8 (RLB)M 

Average values of T 
Y& ,Zf, Ty and Wr obtained during weaving of RLB 

fabric samples 

Fabric sample 
reference 

Closed shed 
warp tension 

Ty. (oz/thread) 

Cloth 
contraction 

Zf (ins. ) 

Warp tension 
at the moment 

of beat-up 
t. 

Ty (oz/thread) 

Weaving 
resistance 

Wr (oz/thread) 

2 
IRLBIM T 

l 
IT 1.21 0.42 1.99 1.13 

ye Ya 

T 
e4 

IRLBIM 
l 

IT 11 0.43 1.92 1.05 
Y Ya 

T 
e6 

IRLBIM 
l 

IT 11 0.43 1.93 1.12 
Y Ya 

T 
2 

IRLBIM 
2 

IT 1.37 0.44 2.18 1.24 
ye ya 

T 
4 

IRLBIM 

2IT 
if 0.45 2.16 1.24 

ye Ya 

T 
e6 

IRLBIM 

2IT 
if - 0.45 2.11 1.20 

ya Y 

T 
2 

IRLBIM 

3 

IT 1.58 0.50 2.32 1.36 
y& ye 

T 
4 

IRLBIM 

3 

IT 11 0.51 2.26 1.29 
ya Ye 

T 
86 

IRLBIM 
3 

IT It 0.50 2.29 1.31 
ya Y 

T 
2 

IRLBIM 

4 

IT 1.69 0.53 2.49 1.42 
y9 Ya 

T 
e4 

IRLBIM 

4 

IT 11 0.53 2.48 1.37 
y3 Y 

T 
6 

IRLBIM 

4 
IT it 0.55 2.60 1.50 

Ye ya 
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During weaving of the fabric samples HLB and RLB, the character- 

istics of the warp tension cycle for the left hand and right hand sections 

across the warp sheet (S. 4.3.1.5) were also recorded. From these, the 

warp tension at the moment of beat-up (T 
y) 

was calculated for the left 

and right hand sections for HLB and RLB fabrics. 

These 48 sets of average values of Ty and their statistical parameters 

were calculated and are given in Appendix B4 and B5 respectively for left 

and right hand section samples. 

In Table 4.9 [(HLB)L and (RLB)L] and 4.10 [(HLB)R and (RLB)RI, 

the 48 sets of average values of Ty are given. 

4.3.2.5 Fundamental parameters, p and L 

Thread spacing (p) and modular length (L) are two of the 

several fundamental parameters that are required to describe the fabric 

geometry. 

The values of p and L were measured when the fabrics were-brought 

to the defined D. R., W. R. and T. R. state. Although, the thread spacings 

in the relaxed fabric are important and normally referred to in specifying 

a cloth, these were also measured on the loom, near the fell. 

In the present work a thread spacing and a modular length considered 

will be as an average thread spacing and modular length respectively. 

This arrangement will adequately satisfy the needs of the investigation 

and should give a sound basis for any particular use of the findings. 

4.3.2.5.1 Thread spacings, p, 
a 

and pa 

After weaving the particular cloth sample the warp and weft 

thread spacings (PL and PaL ) were measured with the loom stopped on closed 

shed in the way mentioned before (S. 4.3.1.5), near the fell, excluding the 

last few picks which were observed to have, a different appearance and had 
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Table 4.9 . 

Average values of warp tension at the moment of beat-up, Ty (oz/thread) 

from L. H. S. of HLB and RLB fabrics 

Sample I 
Ty (oz/thread) values from L. H. S. 

Reference 
HLB fabrics RLB fabrics 

T 
l 

IT 
2 

IL 1.67 1.77 
ya ye 

T 
I 

IT 
e 4 

IL 1.66 1.74 
ya Y 

T 
1 

IT 
e 6 

IL 1.71 1.74 
ya y 

T 
2 

IT 
2 

IL 1.87 1.98 
ýa ye 

T 
2 

IT 
4 

IL 1.86 1.99 
ýa Ye 

T 2IT 6IL 
1.80 1.97 

ya Ye 

T 
3T 2L 

2.03 2.18 
ýa ye 

T 

3T 4L 
1.95 2.16 

ya ye 
T 

& 3IT 6 
IL 1.98 2.11 

y Ye 

Tya 
4 

IT 

e 2IL 
2.28 2.31 

y 

T 
4 

IT 

4 

IL 2.25 2.32 
ya y9 

T 
4 

IT 

6 

IL 2.19 2.65 
Ya Ye 
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Table 4.10 

Average values of warp tension at the moment of beat-up, Ty (oz/thread) 

from R. H. S. for HLB and RLB fabrics 

Sample 
Ty (oz/thread) values from R. H. S. 

Reference 
HLB fabrics RLB fabrics 

T 
2 

IR 
l 

JT 1.64 1.74 
ye Ya 

T 
al 

ITy[4 IR 1.59 1.73 
y 

T 
I 

JT 
e6 

IR 1.60 1.63 
y ya 

T 
2 

JTy 
2 

IR 1.74 1.85 
e ya 

T 
2 

JT 
e4 

IR 1.74 1.89 
ya y 

T 
2 

JTye6 IR 1.74 1.87 
ya 

Ty 
2 

IR 
3 

IT 1.93 2.08 
ye a 

T 
4 

IR 
3 

IT 1.90 2.03 
ye ya 

Ty 
6 

IR 
3 

JT 1.93 1.99 
ye a 

T 
2 

IR' 
4IT 

2.08 2.28 
ye Y& 

Ty 
4 

IR 
4 

JT 2.06 2.20 
ye a 

Ty 
4 

JTy 
6 

IR 2.03 2.48 
e a 
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probably slipped back in the warp due to the shed being closed with the 

reed pressure removed. Several of these measurements were taken at the 

left hand, middle and right hand sections, across the width of fabric 

in the loom for each cloth sample. 

The 36 sets of average values of PL and PaL from the left, middle 

and right hand sections are given in Table 11.11 [(HLA), (IILB) and (RLB)l 

for the three fabrics, HLA, HLB and RLB. 

khe thread spacings, pa and pa, were measured, in the D. R., W. R. and T 

T. R. states of fabric from the left, middle and right hand side samples 

from each of the three fabric samples, HLA, HLB and RLB, in the following 

way. 

The samples were laid flat and the greatest care was taken to avoid 

stresses in the plain of the cloths. Ten measurements were taken of the 

distance between warp and also 'vieft marker threads using a precision 

ruler, to an accuracy of 0.03 inches. The thread spacing value was 

calculated from the total number of spaces between the two respective 

marker threads. The result was referred to as the warp and weft thread 

spacings (p. and pa) 

The 36 sets of average values of thread spacings in the different 

fabric relaxation states, for HLA, HLB and RLB fabric, are given in the 

following 3 sets of tables: 

Table 4.12 [(HLA)L, (HLB)L and (RLB)LI 

Table 4.13 [ OMA)M, (ffLB)14 and (RLB)M] 

Table 4.14 [(HLA)R, (HLB)R and (RLB)R] 

4.3.2.5.2 Modular lengtbs, % and L0 

Ten warp or weft threads were cut out carefully from between 

the two respect ve marker threads. The removed threads were each measured 

on a Shirley Crimp Tester, applying a standard load (BS2863). The measured 
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Table. 4.1.1 (HLA) 

The average values of thread spacings, p. (10-4 inch), for L. H. S., 

M. S. and R. H. S., of the HLA fabrics 

Pick Spacings 

Sample 
Reference L. H. S. M. S. R. H. S. 

Pe L Pa L Pe L Pa L Pe L Pa L 

T 
yal 

IT 
ye2 

JHLA 197.51. 178.48 195.62 178.57 194.04 179.13 

TyaIIT 
Ye4 

JHLA 196.85 178.49 195.54 177-82 193.50 179.27 

-Ty 
al 

IT 

ye6 

JHLA 197.55 176.51 195.00 177.16 193.77 177.87 

T 
ya2 

IT 

ye2 

JHLA 197.51 176.51 193.17 176.46 192.63 177.16 

T 
ya2_ 

I-T 

ye4 

JHLA 197.46 176.55 193.33 175.88 195.62 176.51 

- 
TyaT 

ye6 

JHLA 195.54 176.51 192.26 175.74 191.31 176.46 

T 
ya3 

IT 

e2 

JHLA 193.33 175.93 191.60 
. 
175'. 19 190.52 175.32 

T 
Ya3 

IT 

Xe4 

JHLA 193.57 175.19 191.31 174.70 194.22 175.05 

T 
ya3 

IT 

ye6 

JHLA 192.91 175.32 191.60 175.32 191.93 174.01 

T 
Ya4 

IT 

ye2 

JHLA 191.93 172.85 190.29 172.53 190.08 172.57 

T 
Ya4 

IT 

ye4 

JHLA 190.94 173.11 190.70 172.94 190.70 172.24 

T 
ya4 

IT 

Ye6- 

JHLA 1 190.94 1 173.02 190.29 1 172.57 1 189.46__ 1_173.69 

4 

0 
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Table 4.1.1 

The average values of thread spacirgs, pL (10-4' inch), for L. H. S., 

M. S. and R. H. S., of the HLB R-IbricS 

Pick Spacings 

Sample 
Reference L. H. S. M. S. R. H. S. 

Po L Pa L Pe L Pa L Pe L P, L 

T 
Ya2 

IT 
yo2 

I 
HLB 188.32 177.16 189.47 176.51 189.82 176.55 

T 
ya I 

IT 

ye4 
JHLB 188.24 177. 

. 
16 187.66 175.85 188.98 177.16 

T 
Yal 

IT 

Ye6 

IHLB 186.35 175.83 188.98 175.93 187.71 176.51 

T 
ya2 

IT 
ye2 

JHLB 185.78 17 5'. 4 3 181.76 174.54 181.47 174.85 

T 
ya2 

IT 
ye4 

I IILB 185.04 176.55 183.32 175.19 182.41 175.32 

T 
ya2 

IT 
ye6 

IHLB 185.69 174.70 183.07 174.54 182.41 174.54 

T IT IHLB 
ya3 ye2 

179.27 174.27 181.10 173.22 181.11 175.42 

Tya3 IT 
ye4 

IHLB 180.85 173.23 180.44 172.57 181.10 173.11 

T 
ya3 

IT 
ye6 

iHLB 179.13 17 

. 

3.23 179.79 173.11 180.85 173.47 

T 
ya4 

IT 
ye2 

JHLB 175.85 
. 
171.95 177.16 171.91. 177.82 172.57 

T 
ya4 

IT 
Ye4 

JHLB 177.16 171.94 177.82 171.91 178.50 172.57 

T 
ya4 

IT 
ye6 

111 178.39 172.57 
i 

179.01 171.63 1 177.78 171.91 

t 

0 

4 
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Table 4.11 ( RLB) 

The average values of thread spacings, pL (lo -4 inch), for L. H. S., 

and R. H. S., of the RLB fabrics 

Pick Spacings 

Sample 
Reference L. H. S. M. S. R. H. S. 

Pe L Pa L Pe L Pa L Pe L P. L. 

-T 
Yal 

IT 
ye2* 

IRLB 176.51 175.85 179.13 175.19 178.48 175.85 

T 
Yal 

T 
Ye4 

IRLB 177.82 185.93 176.51 174.70 179.13 175.32 

T 
Yal 

T 
ye6 

IRLB 179.13 175.19 177.82 175.32 197.13 175.93 

T 
Ya2 

IT 

ye2 

IRLB 174.54 174.70 173.23 173 
. 

47 175.85 173.88 

T 
Ya2 

IT 

ye4 

IRLB 173.88 173.21 174.54 173.88 176.57 173.69 

Ty 
a'2 

IT 

ye6 

IRLB 173.47 173.23 174.54 173.47 176.51 173.47 

T 
Y_a 31-T ye2 

IRLB 169.95 172.85 168.63 172.57 1 69.29 172.86 

T 
Ya3 

IT 

ye4 

IRLB 169.29 173.23 166.01 171.91 167.98 172.24 

T 
Ya3 

IT 

ye6 

IRLB 169.29 172.57 166.01 172.86 166.01 172.23 

T 
ya4 

IT 

ye2 

IRLB 163.63 
. 
171.63 161.17 171.01 159.94 172.24 

T 
Ya4 

IT 

ye4 

IRLB 164.70 171.63 158.79 171.26 159.33 171.95 

T 
Y_a 4 

IT 

ye6 

IRLB 163.63 171.91 159.45 
1 

170.40 158.14 

_ 
1_170.60 
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Table 4.11 

Average values of p (10-6 sq. inch) at different relaxation states from 
S 

L. H. S., M. S. and R. H. S. for HLA, HLB and RLB fabrics 

ps i. e. p. x p. ) 
(10-6 

sq. inch) 

Sam'ple 
Reference L. H. S. M. S. R. H. S. 

D. R. I W. R. I T. R. I D. R. I W. R. I T. R. I D. R. I W. R. I T. R. 

T 
Yal 

17ý 
e2 

IHLA 336.08 326.96 319.94 335.21 326.03 317.92 333.77 323.94 318.24 

T 
yal 

IT 
y e4 

IHLA 339.43 328.28 319.93 336.19 326.72 318.44 336.31 328.12 321.33 

T 
Yal 

IT 
ye6 

I HLA 339.27 327.28 316.78 336.45 328.50 319.17 337.10 328.61 321.84 

T 
Ya2 

IT 
ye2 

IHLA 332.95 323.01 314.72 332.03 322.58 315.99 330.70 322.53 316.85 

T 
ya2 

IT 
y e4 

JIMA 334.99 324.42 316.78 332.41 323.76 314.78 331.80 322.29 315.75 

T 
ya2 

IT 
ye6 

IHLA 334.50 320.54 312.35 330.44 320.34 311.80 332.04 318.71 314.07 

T 
ya3 

IT 
ye2 

IHLA 332.64 322.42 313.52 331.47 321.77 313.54 329.70 321.76 315.63 

T 
ya3 

IT 
y e4 

IHLA 333.48 321.87 312.76 329.87 321.02 313.58 329.72 319.52 315.66 

T 
y&3 

IT 
ye6 

111LA 334.36 324.36 312.45 329.44 320.45 313.54 329.68 321.54 315.61 

T 
ya4 

IT 
y e2 

IHLA 331.00 319.04 310.77 329.10 318.25 309.99 328.08 316.43 311.28 

T 
Ya4 

IT 
ye4 

IHLA 334.49 320.47 310.92 327.71 318.36i3lO. 93 330.12 320.09 314.70 

T 
Ya4 

IT 
ye6 

IHLA 332.74 321.65 310.501328.52 319.21 312.34 330.29 319.12 314.41 

Tya, *IT 
ye2 

IHLB 327.33 318.50 313.20 326.15 316.88 308.41 328.04 317.80 312.32 

T 
yal 

IT 
y e4 

IHLB 324.51 315.141309.01 324.24 314.66 306.98 325.84 315.36 308.65 

T 
Yal 

IT 
ye6 

IHLB 327.05 318.27 312.01 325.34 316.49 307.29 325.53 313.. 64 308.85 

T IT IHLB 323.11 312.23 305.31 322.51 311.57 300.80 324.43 311.42 302.94 
ya2 yc2 

1 

T 
ya2 

ITy 

e4 

IHLB 318.91 310.54 306.27 318.29 308.37 300.69 319.13 310.13 303.71 

T 
Ya2 

IT 

ye6 

IHLB 319.83 309.47 406.50 320.0( 308.37 302.69 321.02 310.51 304.03 

T 
ya3 

IT 

y92 

IHLB 317.65 308.97 301.53 315.84 306.23 296.83 318.37 307.08 297.76 

T 
Ya3 

IT 

ye4 

IHLB 315.91 308.09 303.33 313.91 304.26 296.75 315.74 304.47 298.74 

T 
ya3 

IT 

Y86 

1 HLB 315.87 305.54 301.63 314.45 

. 

303.1.0 295.99 317.23 305.64 299.22 

T 
ya4 

IT 

y e2 

1 HLB 310.63 302.86 298.40 308.29 299.87 292.28 310.20 300.35 294.73 

T 
y&4 

ITy 

e4 

IHLB 313.71 303.99 299.95 310.60 300.83 294.74 313.54 301.78 296.29 

T 
y&4 

IT 

ye6 

IHLB 314.55 305.25 299.63 310.57 301.63 294.63 314.75 303.03 297.20 

/table continued 
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Table 4.11 (continued) 

XP ) (10-6 
sq. inch) p. . 

(i. e. p 

. 
Sample 

. . 

Reference L. H. S. M. S. R. H. S. 

D. R. W. R. T. R. D. R. W. R. T. R. D. R. W. R. T. R. 

T 
, 

IT 
2 

IRLB 306.02 296.86 290.87 308.53 298.81 291.46 307.66 299.09 292.143 
ya' ye 

IRLB T IT 303.83 294.95 289.89 303.86 294.65 287.44 303.64 295.49 288.14 
yal Ye4 

IRLB T IT 307.55 298.54 292.25 307.97 297.92 290.61 306.80 297.61 291.37 
yal yo6 

IRLB T IT 301.17 292.56 286.73 300.43 291.02 284.80 300.28 290.32 284.45 
ya2 yo2 

IRLB T IT 302.94 295.51 288.45 302.76 293.84 286.94 302.94 294.62 287. Oa 
Ya2 ye4 

IRLB T IT 303.34 294.56 287.79 304.10 294.20 287.26 302.09 293.05 285.11 
Ya2 yo6 

T IT ' IRLB 291.73 282.76 276.90 292.83 281.78 276.02 291.22 283.21 277.65 
ya3 y62 

IRLB T IT 285.83 277.93 272.72 285.74 276.00 270.25 286.49 280.08 272.33 
y&3 ye4 

T. IT IRLB 287.81 280.09 274.21 288.36 279.01 273.27 287.25 280.56 274.92 
Ya3 Ye6 

IRLB IT T 278.02 270.22 264.56 278.91 269.13 263.49 276.28 268.41 262.03 
ye2 ya4 

IRLB IT T 274.92 268.18 262.70 274.19 265.25 259.93 272.47 264.82 259.88 
Ya4 y e4 

IRLB T IT 276.70 268.98 263.50 275.72 265.97 260.15 272.93 265.30 259.52 
Ya4 ye6 
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Table 4.12 (HLA) L 

The average values of thread spacings 

at different relaxation states 

Pick Spacings (p X 10-4 inches) 
Sample 

Referbnce 
D. R. State W. R. State T. R. State 

P P p P P P 
eD aD OW AW eT aT. 

T T HLA L 198.23 169.54* 193.55 168.93 190.36 168.07 
yal yo2 I 

T T HLA L 199-09 170.49 193.61 169.56 190.82 167.66 
yal ye4 

T T HLA L 199.00 170.49 192.44 170.07 189.11 167.51 
ya I Ye6 I 

T T HLA L 196.03 169.85 191.11 169.02 187.97 167.43 
ya2 ye2 

T , T HLA L 197.30 169.79 192.32 168.69 189.46 167.20 
&2 y yo4 1 

T 
l 

T HLA L 197.10 169.71 191.16 167.68 187.68 166.43 
ya2 yo6 I 

T T HLA L 195.90 169. BO 190.66 169.11 187.09 167.58 
ya3 ye2 

T T HLA L 196.72 169.52 190.29 169.15 187.44 16 
ý--8 

ya3 yo4 

T T HLA L 197.09 169.65 191.44 169.43 187.03 167.06 
ya3 l Y06 1 

T 
lT 

HLA L 195.11 169.65 189.53 168.37 186.75 166.41 
ya4 ye2 

T 
lT 

HLA L 196.62 170.12 189.72 168.92 
1186.46 

166.75 
ya4 yo4 

T 
ya4 

lT 

Y06 
HLA L 196.02 169.75 189.63 169.62 186.03 166.91 
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Table 4.12 OILB) L 

f thread spacings 11ýe average values oý 

at different relaxation states 

Sample 
Pick Spac--p gs 

(P X 10-4 inches) 

Reference 
D. R. State VI. R. State "A. R. State 

POD P 
&D 

P 
OW 

P 
&W 

P 
oT 

P 
&T 

T 
yal 

T 
ye 21 

HLB L1 192.23 170.28' 188.06 169.36 185.50 1 68.84 

T 
yal 

T 
ye4 

HLB L 190.72 170.15 185.98 169.45 833,64 
d 

168.27 

T 
Y&II 

T 
Ye6 

HLB L 192.17 170.19 187.65 169.61 185.38 168.31 

T 
ya2 

T 
ye2 

HLBI L 188.68 171.25 183.21 170.42 180.09 169.53 

T 
ya2 

T 
Y84 

HLB 
I 
L 187.11 170.44 182.92 169.77 181.27 168.96 

Tya2 T 
je6 IL 

JB 
L 187.34 170.72 182.99 169.12 181.76 168.63 

T 
ya3 

T 
ye2 

HLB L 186.33 170,48 182.08 169.69 178.59 168.84 

T 
Y83 

T 
Vo4 

HLB L 185.33 170.31 181.53 
1 

169.72 179.76 168.74 

Tya3 T 
ye6 

HLB L 185.51 170.27 
1 

181.06 168.75 179.54 168.00 

. 
I 

T 
Ya4 

lT 

yo2 
HLB 

IL 
182.48 170.23 178.48 

- 
169.69 176.79 168.79 

T 
Ya4 

T 
ye4 

HLB L 184.59 169.95 180.23 168.67 
I 

178.66 167.89 

Tya4 T 
yo6 HLB L 

1 
185.13 169.91 

t. 
180.75 

I 
.. 

1ý;. 88 
7178.42 

167.94 
I 
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Table 4.12 (RLB) L 

The average values of thread spacings 

at different r4ýlaxation, states 

Sample 

(p X 10-4 Pick Spacings inches) 

Reference 
D. R. State W. R. State T. R. State 

p 
oD 

P 
aD 

p 
ew 

p 
aw 

p 
eT 

p 
&T 

T 
ya I 

T 
ye2 RLB L 179.83 170.18* 175.48 169.17 173.47 167.68 

T 
Y&I 

T 
Ye4 

RLB L 178.80 169.93 174.23 169.29 172.38 168.17 

T 
yall 

T 
Y06 

RLB L 180.90 170.01 
1 

176.39 169 
. 
. 25 173.98 167.98 

T 
ya2 

T 
yo2 

RLB L 177.18 169.98 i72.56 
1 

169.54 170.45 168.22 

T 
Ya2 

T 
ye4 

RLB L 178.22 169.98 174.22 
. 

169.62 171.46 168.23 

T 
y&2_ 

_T 
ye6 

RLB L 178.68 169.77 174.49 168.80 171.96 167.36 

T 
Ya3 

T 
ye2 

RLB 10 172.54 169.08 167.99 168.32 165.90 166.91 

T 
ya3 

T 
yo4 

RLB L 
1 
', 169.42 168.71 

1 
165.69 167.74 163.70 166.60 

Tya3 T 
o6 

RLB L 170.81 168.51 166.92 167.80 164.81 1.66.38 

T 
y&4 

T 
yo2 

RLB L 
1 

164.51 169.00 
1 

161.25 167.58 159.21 166.17 

T 
ya4 

T 
Ye4 

RLB L 162.75 168.92 

1 

159.86 167.76 157.90 166.37 

T 
ya4 

T 
Y06ý 

RLB L 163.62 169.12 160.55 167.54 158.49 166.26 
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Table 4.13 (HLA) M 

The average values of thrGad spacings 

at different relaxation states 

Pick Spacings (p X 10-4 inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

P P P p p P 
eD aD ew &W eT &T 

T T HLA M 197.81 169.46* 192.95 168.97 190.03 167.30 
yal Y02 

T T HLA M 198.04 169.76 193.36 168.97 190.15 167.47 
yal ye4 

--. 

Ty 
a, 

I 
T 

ye 61 
HLA 

I 
M 197.91 170.00 193.82 169.49 190.12 167.88 

. ......... ....... 

T 
l 

7. HLA M, 196.61 168.88 191.42 168.52 188.53 167.61 
Ya2 ye2 

T T HLA M 196.67 169.02 192.43' 168.25 188.83 166.70 
ya2 ye4 

T T HLA M 196.14 169.47 191.74 167.07 188.17 * 165 70 
Ya2 yo6 l 

T T HLA M 196.07 169.06 190.53 . 168.88 187.47 167.25 
y&3 ye2 

T T HLA M 196.06 168.25 191.23 167.87 188.01 166.79 
Ya3 y*4 

T T HLA M 195.96 168.35 190.86 167.90 187.83 166.93 
ya31 yo6 j_ I 

T T HLA M 195.08 168.70 190.18 167.34 186.82 165.93 
y&4 yo2 1 

T T HLA M 194.88 168.16 189.94 167.61 186 
. 
42 166.79 

ya4 yo4 

T T HLA M 195.05 168.43 190.13 167.89 186.75 
Ya4 Yofi 

.. 
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I 

Table 4.13 (HLB) M 

Re average va%es A thread spacings 

at different relaxation states 

4 
Pick Spacings (p x 10 inches) 

Sample 
Reference 

D. R. State W. R. Stat-- T. R. State 

P P P P P P 
OD aD e VI avj oT &T 

T 
l 

T 
1 

HLB M 192.19 169.70* 187.49 169.01 184.60 167.07 
yal ye2 I 

T T 
1 

HLB M1 191.20 169.58 186.50 168.72 183.80 167.02 
yal Y04 

TyaI T 
Y061 

HLB 
I 

M 191.67 '169.74 187.25 169.02 183.92 J 167.07 

T T HLB M 189.09 170.56 183.74 169.57 179.10 167.95 
ya2 yo2 

I 

T T HLB M 187.34 169.90 182.47 179.88 167.16 
ya2 ye4 

T 'r HLB 14 188.12. 17CF. 15 182.90 168.60 180.54 167.66 
ya2 y0G 

T T HLB M 
I 

186.12 
I 

169.70 181.97 168.29 178.06 166.70 
yz3 ye2 

T T HLB 
IM I 

184.89 169.78 180.24' 168.81 177.58 167.11 
Ya3 Y04 

I 

T 
lT 

185.17 169.82 180.75 167.69 178.08 166.21 
y_a3 ye6 

, 

T T HLB M 182.11 169.29 177.91 168.55 175.04 166.98 
ya4 yo2 

T T HLB M 183.57 169.20 179.72 167.39 177.20 166.33 
Ya4 yo4 

T T HLB M 183.47 169.33 180.00 167.57 177.22 166.25 
ya4 1 yo6 1 
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Table 4.13 (RLB) M 

The average valuer, of thread spacings 

at different rclaxation states 

Sample 

Pick Spacings (p X 10-4 inches) 

Reference 
D. R. State W. R. State T. R. State 

P 
eD 

P 
aD 

p 
ow 

p 
aw 

p 
eT 

p 
aT 

T 
yal 

T 
Y02 

RLB M 
-4 

181.21 170.26* 177.58 168.27 174.59 166.94 

T 
ya2 

T 
yo4 

RLB M 178.94 169.81 174.39 168.96 171.76 167.36 

T 
yall 

T 
YOGI 

RLB 
I 

M 181.01 170.14 176.84 168.47 174.02 167.00 

T 
ya2 

T 
ye2 

RLB M 177.39 169.36 172.65 168.56 170.18 167.35 

T 
ya2 

T 
yo4 

RLB M 178.38 169.73 173.94 168.93 171.50 167.31 

T 
y&2 

T 
YeG 

179.42 16ý. 49 175.06 168.06 172.32 166.70 

I 

T 
ya3 

T 
yo2 

RLB 
I 

M 

1 

173.04 168. 

. 

94 168.31 167.42 166.30 165.98 

T 
y&3 

T 
y*4 

RLB M 169.86 168.22 165.57 166.70 163.56 165.23 

T 
ya3 

T 
Y06 

RLB M 171.38 168.26 166.92 167.15 
-164.80 

165.82 

T 
y&4 

1T 

Y02 

RLB 

- 

M 
L 

165.25 168.78 161.63 166.51 159.73 164.96 

T 
ya 4 

T 
ye 4 

RLB M 162.89 168.33 
1 

159.08 166.74 157.45 165.09 

Tya4 T 
Y86 

RLB M 
1 

16 3.44 
[ 

168.70 159.58 166.67 157.85 16 4.81 



319 ý 

N 

Table 4.14 (FILA) R 

gs The average values of thread spacinc, 

at different relaxation state3 

Pick Spacings (p X 10-4 inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

P P p p P P 
OD &D OW aw eT aT 

T T 
l 

HLA R 197.39 169.09 192.15 168.59 190.19 167.33 
yal yo2 

[ 

T T HLA R 198-18 169.70 193.66 169.43 191.45 167.84 
Ya2 y04 

T T HLA R 198.48 169.84 193.72 169.63 191.15 168.37 
ya I ye6 

T T HLA R. 195.45 169.20 190.51 169.30 188.66 167.95 
ya2 ye2 

T T HLA R. 196.55 168.81 191.7 
E 

168.08 
l 

189.57 166.56 
y&2 yo4 

T 
l 

TI HLA R 196.45 l6q. 02 190.63 167.19 189.14 166.05 
ya2 Y061 

T T HLA R 194.86 169.20 190.02 1*169.33 187.83 168.04 
ya3 ye2 

T T HLA R 
I 

195.40 168.74 191.01' 168.46 188.79 167.20 
y&3 Y64 

T T T HLA R. 195.30 168.81 190.71 168.60 188.48 167.45 3 

y1 
Y06 1 1 

T T HLA R 194.19 168.95 189.40 167.07 187.62 165.91 
ya4 yo2 

T T HLA R. 194'. 98 169.31 189.83 168.62 187.80 167.57 
ya4 yo4 

T 
Y84 

T 1 YOG 
HLA 

I 
R 

I 

. 
195.00 

I 
169.38 

I 
188.57 169.23 187.24 

I 
167.92 

- 
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Table 4.14 (HLB) R 

The average values Of thread spacings 

at different relaxation states 

(p X 10-4 Pick Spacings inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

P P P P P P 
eD aD ow a %If oT aT 

T 
l 

T HLB R 192.49 170.42' 187.79 169.23 185.66 168.22 
yal Y02 1 

T T HLB R 191.29 170.34 186.55 169.05 184.06 167.69 
Yal yo4 . 

T 
yal 

T 
Y061 

HLB R 190.87 170.55 186.06 1.68.57 184.18 167.69 

T T HLB R 189.45 171.25 183.14 
E170.02 

179.72 168.56 
ya2 yG2 

T T HLB R 186.93 170.82 182.84 
I 

169.62 180.46 168.30 
Ya2 yo4 

T T HLB R 187.84. 170.90 183.68 169.05 181.40 167.60 
ya2 yac 

T HLB R 186.43 170.77 181.93 . 168.79 177.66 167.60 y&3 yc 21 
._ 1 

T T HLB 'R 184.85 170.. 81 180.19 
1 

168.97 178.10 167.74 ya3 ye4 

T T 185.81 170.73 181.50 168.40 178.95 167.21 ya3 ye6 

T T HLB R 181.97 170.47 178.18 168.57 176.03 167.43 
ya4 yo2 

T T HLB R 184.07 170.34 179.11 168.49 177.06 167. 
ya4 ye4 

T T HLB R 184.78 170.34 180.09 168.27 177.74 167.21 
ya4 J Yo6 l I 1 
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Table 4.14 (RLB) R 

7be average values of thrcad spacings 

at di. Arferent relaxatiol. sta-ces 

Pick Spacings (P X 10-4 inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

P P P P P P 
OD AD aw oT AT 

T T RLB R 181.06 169.92* -177.10 168.88 174.65 167.44 
yal ye2 

T T RLB R 178.39 170.21 174.61 169.23 171.82 167.70 
yal ye4 

T 
Yall 

T 
yCol 

RLB R 180.29 170.17 176.05 169.05 173.65 167.79 

T T f RLB R 176.78 169.86 171.94 168.85 169.62 . 
167.70 

ya 

_ 
yo 2 

T T RLB R 178.16 170.04 173.69 169.05 171.19 3.67.70 
ya2 ye4 

T T 178.49 165.25 174.02 168.40 171.66 166.09 
Ya2 y 

T 
y&3 

T 
ye2 RLB R 172.19 169.13 168.31 168.27 166.30 166.96 

T 
y&3 

T 
Ye4 

RLB R 169.65 168.87 
1.166.00' 

167.52 1163.80 166.26 

Y. 6 , 
RLB R 170.64 168.34 167.04 167.96 165.01 166.61 

T T RLB R 164.58 167.87 160.94 166.78 158.77 165.04 
Y84 yc2 1 

1 
T T RLB R 162.40 167.78 158.74 166.83 157.13 165.39 

y&4 ye4 

Tya4 TyOG RLB R 
. 
162.71 167.74 

1 
159.36 166.48 157.35 

1 
164.93 
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length was divided by the related number of thread spaces between the 

two respective markers. The result was referred to as the average warp 

or weft modular length, La or L0. 

The measurements w ere taken in the D. R., W. R. and T. R. states from 

the left, middle and right hand samples from HLA, HLB and RLB fabrics. 

The 36 sets of average values of La and L0 from each fabric in the 

different fabric relaxation states are given in the following 3 sets of 

tables: 

Table 4.15 [(HLA)L, (HLB)L and (RLB)LI 

Table 4.16 (HLA)M, (HLB)M and (RLB)M] 

Table 4.17 [(HLA)R, (HLB)R and (RLB)R] 

4.3.2.6 Cloth width 

The width of the cloth can easily be measured with a rule by 

laying it flat on a table in the correctly rigged or open width state, 

ensuring that there is no tension applied to the cloth. This value of 

width is referred to as 'hand measured'. 

A minimum of five measurements of width were taken, between any of 

the two weft or warp markers (F-4-20), along the length of the cloth. 

There were, thus, four such widths quoted in this work and these are for 

the sections of and complete cloth width (i. e. W 
L" 

14 
M9 

WR and WT) in the 

D. R. state, where the widths of cloth are between: 

selvedge end SI and A. referred to as WL 

(ii) warp markers A and B, referred to as Wm 

(iii) warp markers. B and C, referred to as WR 

and (iv) the two selvedge ends, referred to as WT. 

This was done separately for each of the three fabric samples HLA, 

HLB and RLB. 
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Table 4.15 (HLA) L 

The average values of modular lengths 

at differcnt relaxatiOn states 

SaMple 
Pick Spacings (L X 10-4 inches) 

Reference 
D. R. State W. R. State T. R. State 

L 
eD 

L 
aD 

L 
ew 

L 
aw 

L 
eT 

L 
aT 

T 
yaI 

T 
yo2 

HLA L 179.84 
--F 

209.73* 179.14 208.00 178.36 206.59 

T 
yal 

T 
ye4 

HLA L 180.11 210.80 179.63 208.25 178.36 206.28 

T 
ya2l 

T 
Y061 

HLA 
I 

L 180.16 210.32 179.18 208.48 177.90 207.39 

T 
ya2 

T 
ye2 

HLA L 180.05 207.71 178.53 205.84 177.75 204.18 

T 
Ya2 

T 
ye4 

HLA L 179.62 208.58 178.61 206M 177.75 
I 

205.15 

T 
Y821 

T 
yo6l 

HLA L 179.38 208.06 178.64 205.65 177.75 204.36 

T 
y&3 

T 
ye2 

HLA L 179.96 208.16 
- 

179.37 
I 

206.33 178.75 
I 

204.53 

T 
ya_3 

T 
_y*4 

HLA L 179.85 208.22 179.11 206.41 178.21 205.17 

T 
ya3 Y06 

HLA L 179.81 207.73 178.04 205.55 177.46 204.51 

T 
y&4 

1T 

ye2 HLA L 179.84 207.58 
. 

179.14 205.60 178.52 204.16 

T 
ya4 

T 
yo4 

HLA L 179.90 208.38* 179.28 207.09 178.44 205.28 

T 
ya4 

T 
Y06 

HLA L 179.13 207.65 178.27 206.11 
I 

177.14 203.62 
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Table 4.15 (HLB) L 

The average values of modular lengths 

at different relaxation states 

Pick Spacings (L X 10-4 inches) 
Sanple 

Reference 
D. R. State W. R. State T. R. State 

L L L L L L 
eD &D OW aw eT 

HLB L 179.88 204.96 179.32 203.36 179.16 202.57 
yo2 _ f 

T T HLB L 179.77 202.46 179.37 200.94 179.38 200.41 
yaI ye4 

Tya 
I 

T 
ye 61 HLB L 179.96 204.63 179.39 203.22 179.12 202.26 

T T HLB L 181.12 198.18 180.55 196.86 180.31 195.61 
ya2 ye2 

7' T HLB L 180.52 198.02 180.88 196.32 180.03 196.42 
ya2 yo4 

T 
] 

T 180.93- 198.20 180.25 196.83 180.09 196.00 
ya 2 ye6 

T T HLB L 180.88 196.88 179.58 195.24 179.75 195.09 
ya3 ye2 

TI T HLB L 180.60 196.16 179.82 194.66 179.65 194.56 
ya3 ye4 

1 
T r HLB L 179.73 195.87 179.12 194.62 179.21 194.26 

y&3 1 

T T HLB 
IL 

180.52 194.43 179.50 192.56 179.57 192.54 
ya4 ye2 

T T HLB L 179.64 195.42 178.88 193.87 178.62 193.96 
ya4 ye4 . 

T HLB L 179.51 196.33 178.62 194.62 178.41 194.34 
ya4 

.1 1 1 
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Table 4.15 (RLB) L 

Ilic average values of modular lengths 

at different relaxaticn states 

Pick Spacings (L X 10-4 inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

L L L L L 

I 

L 
eD aD OW aw oT aT 

T T RLB L 180.54 190.25 180.01 188.88 179.62 188.23 
Ya2 ye2 

T T RLB L 180.87 188.43 179.93 186.74 179.50 186.54 
Ya2 y04 

T T l 
RLB L 180.91 190.73 180.34 188.96 180.08 188.74 

ya-I Ye6 

T T RLB L 180.79 186.36 179.95 184.48 179.19 184.37 
ya2 ye2 

T T RLB L 180.73 187.47 179.60 185.29 179.05 184.79 
y&2 YC4 

T 
ya2l 

180.. 73 188.28 179.60 185.78 178.92 185.53 

T T RLB L 180.33 182. 68 179.61 180.74 178.89 180.10 ya3 ye2 1 

T T RLB L 180.19 179.18 179.24 177.60 178.64 176.41 
ya3 yo4 

1 

T 
ya3 l 

Ty., RLB L 180.22 180.84 
_ 

179.36 178.69 178.66 177.67 

T T RLB L 179.86 174.36 178.80 173.21 178.43 172.77 ya4 ye2 

T T RLB L 179.89 172.79 179.18 171.35 178.55 170.79 ya4 ye4 

Tya4 T 
Y06 

RLB L 180.19 174.17 178.77 172.66 178.34 171.92 

l*I 
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Table 4.16 (HLA) M 

The average values of modular lengths 

at different relaxation states 

Sample 
Pick Spacings (L-x 10-4 inches) 

Reference 
D. R. State W. R. State T. R. State 

L 
eD 

L 
&D 

L 
oW 

L 
aw 

L 
eT 

L 
aT 

T 
yal 

T 
y&2 

HLA M 179.17 210.78 178.49 208.52 177.24 207.95 

T 
yal 

T 
Ye4 

HLA M 179.61 210.63 178.73 208.64 177.73 207 
- 

65 

T 
yall 

T 
Y061 

HLA M 179.73 210.24 178.72 208.64 177.. 61 207.15 

T 
y&2 

T 
ye2 

HLA M 179.17 208.64 178.35 
1 

206.05 178.37 205.20 

T 
ya2 

T 
y04 

HLA M 178.55 208.60 178.19 206.21 177.45 204.88 

T 
ya2 

I T 
ye6 

I HLAI M 179.18 207.62 178.30 205.84 177.79 204.95 

T 
Ya3 

T 
ye2 

HLA 11 179.29 208.53 178.28 206.27 177.13 204.85 

T 
Ya3 

T 
ye4 

HLA M 179.14 208.05 178.29 206.21 176.83 204.98 

T 
Ya3 lT yo6 j 

HLA 1.1 179.02 207.65 178.16 205.56 177.05 205.13 

T 
Ya4 

T 
ye2 

HLA M 179.62 207_. 95 178.44 
1 

205.77 177.90 205.09 

T 
y&4 

T 
ye4 

HLA M 178.78 208.19' 178.28 206.68 177.52 205.88 

T 
ya4 

T 
j ye6 

HLA' 
j 

11 
I 

179.14 
I 

208.16 
I 

-- 

178.16 206.49 177.58 
I 

204.14 
II 

3; 1 
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Table 4.16 (HLB) M 

The average values of modular lengths 

at different relaxation states 

Pick Spacings (L X 10-4 inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

L L L L L L 
aD AD OW aw oT 

. AT 

T T HLB M 179.25 204.94* 179.02 202.93 178.51 202.08 
ya 1 ye2 

T T HLB M 179.25 202.73 179.13 200.70 178.26 199.71 
yal ye4 

T 
yall 

TY86, HLB 
I 

M 179.35 204.08 178.74 202.21 178.24 201.26 

T T HLB m 179.80 197.85 179.12 195.70 178.62 194.80 
ya2 ye2 

T T HLB M 180.11 198.70 179.26 197.27 178.93 .-- 
--I 

195 41 
ya2 ye4 

LT l 

T HLB M 179.56 198.62 179.42 197.01 178.75 196.28 
Ya2 ye6 

T T HLB m 
I 

179.43 197.09 179.22 195.23 177.88 194.22 ya3 ye2 
I 

T T H LB 
IM 

179.62 196.10 179.22 194.22 179.41 193.67 Ya I yo4 1 

T T M 179.42 195.85 178.47 194.35 178.75 193.22 
ya3 y96 

T T HLB 
Im 

179.92 193.60 179.20 192.37 178.90 191.33 
ya4 ye2 

T T HLB M 179.00 194.98 177.83. 193.26 177.30 192.52 
ya 4_ ye4 

T T HLB M 179.03 195.73 178.24 194.13 177.57 192.76 
ya4 l YOG 
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Table 4.16 (RLB) M 

The average values of modular lengths 

at different relaxation states 

Pick Spacings (L X 10-4 inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

L L L L L L 
eD aD OW aw oT aT 

T T RLB M: 180.15 193.58' 179.39 190.28 179.20 189.56 
yal ye2 I 

T T RLB M 180.59 189.54 179.92 187.49 179.25 187.02 
yal ye4 

T 
yalI 

T 
Y061 

RLB 
I 

M 180.33 191.94 
1 

179.38 190.75 179.03 18 19 

T T RLB M 180.20 187.39 179.84 185.82 179.26 184.35 
ya2 ye2 

T T RLB M 180.06 189.26 179.22 186.88 178.59 186.49 
ya2 ye4 

T T RLB M 179.70 189.54 179.49 187.52 178.77 186.83 
ya2l ye6 I 

Tj T RLB M 179.68 183.14 179.03 181.55 178.56 180.64 
y&3 ye2 

IT 

I 

T RLB M 179.45 179.65 178.83 178.53 178.36 177.25 
ya3 

- 
y*4 

- 

T T RLB M 179.73 180.85 178.89 178.89 178.47 
- 

177.89 ya3 l ye6 j I 1 

T 
ya4 

T 
yo2 RLB M 179.82 176.39 178.79 174.63 178.33 174.48 

T 
ya4 

T 
Ye4 RLB M 179.39 . 174.15 178.67 172.00 178.63 171.27 

T 
ya4 

T 

.3 
ye6 

RLB 
1 

M 179.46 174.66 178.95 173.07 178.14 171.86 
II 
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Table 4.17 (HLA) R 

The average values: of modular lengths 

at different relaxation states 

Sample 
Pick Spacings (L X 10-4 inches) 

Reference 
D. R. State W. R. State T. R. State 

L 
oD 

L 
&D 

L 
OW 

L 
Aw 

L 
eT 

L 
aT 

T 
yaI 

T 
yo2 

HLA R 179.49 209.66' 178.99 207.87 178.11 206.56 

T 
Yal 

T 
yo4 

HLA R 179.73 210.74 179.21 208.36 177.92 206.69 

T 
yall 

T 
yo 61 HLA 

I 
R 179.78 210.64 178.69 208.49 178.23 207.43 

T 
ya2 

T 
ye2 

HLA R 179.05 -208.17 178.33 206.05 177.58 204.75 

T 
ya2 

T 
ye4 

HLA R 179.19 207.80 178.02 205.91 177.55 204.94 

T 
Ya2 

M I 
Y061 

HLA 
I 

R 179.06 207.92 178.12 205.41 177.35 204.97 

T 
ya3 

T 
ye2 

HLA R I 179.28 207'. 67 178.41 205.65 177.54 205.08 

T 
Ya3 

T 
yo4 

HLA R 179.13 208.31 177.95 205.44 176.89 204.79 

T 
ya3 

T 
yo6 

HLA R 179.16 207.35 178.21 205.07 177.56 204.56 

T 
ya4 

T 
ye2 

IILA R 179.46 207.23 178.16 205.73 177.86 204.02 
T 

T 
ya4 

T 
Ye4 

HLA R 178.94 208.93 9 3 178.34 206.66 177.91 205.66 

T 
Ya4 

lT 
Y06 

1 HLA IR 

--- 

179 

- 

38 

E208. 

1 5 178.25 205.33 177.84 J 204.51 
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Table 4.17 (HLB) R 

The average values of modular lengthr, 

at differeat relaxation states 

4 

Pick Spacings (L X 10-4 inches) 

Satple 
Reference 

D. R. State W. R. State T. R. State 

&D ew vT &T. 

T T HLB R 179.40 205.65* 178.50 203.74 178.87 203.09 
yaI yo2 

T T HLB R 179.24 203.09 178.52 201.24 178.66 200.93 
yal ye4 

T 
yad 

T 
Y061 HLB R 179.30 203.97 178.30 201.66 178.32 200.76 

T T- HLB R 180.62 198.43 179.10 196.64 178.83 196.26 
ya2 ye 2 

T T HLB R 180.49 199.05 178.51 196.60 178.84 196.57 
ya2. ye4 

I 
T T 179.95 199.35 178.74 197.16 178.20 197.24 

ya2 ye6 
, 

T T HLB R 179.64 197.77 178.51 195.28 178.71 195.59 
ya3 ya2 

T T HLB R 179.36 196.40 178.32 194.19 178.56 194.54 
Ya3 ye4 

T T HLB R 179.40 196.15 178.16 194.56 178.62 194.67 
ya3 l ye6 l I 

T 
lT 

HLB R 180.09 194.23 178.66 192.47 178.68 191-98 
ya4 yo2 

T T 

J 

HLB R 179.04 . 195.38' 177.47 193.14 177.49 193.60 
ya4 yo 4 

T T HLB IR 1179.07 1196.54 ; 1177.75 1194.17 177 98 194.33 
ya4 ye6 1 
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Table 4.17 (RLB) R 

The average values of modular lengtll. -. 

at different relaxation states 

Pick Spacings (L X 10-4 Inches) 
Sample 

Reference 
D. R. State W. R. State T. R. State 

L L L L L 11 
0D aD OW Aw oT aT 

T T RLB R 180.69 192.10 179.52 190.70 178.84 190.20 
yaI ye2 

T T RLB R 180.14 188.90 179.61 187.97 179.09 187.20 
yaI ye4 

T T RLB R 180.46 190.90 179.67 189.69 178.81 189.17 
ya II Y061 I 

T T RLB R 180.46 187.25 179.92 

I 

184.84 179.33 184.53 
ya2 ye2 

T T RLB R 180.09 188.95 179.51 I 
187.23 179.21 186.51 

ya2 ye4 

T T RLB R 180.23. 189.37 179.35 187.82 17 8.88 187.41 
ya2 ye6 

T T RLB R 180.16 183.09 179.85 -181.65 179.21 181.32 
yo3 Y82 

T T RLB R 179.66 180.05 179.42 179.02 I 
178.88 178.69 

ya3 ye4 

T T 
l 

RLB R 179.77 181.25 179.00 180.02 179.14 179.35 
yz3 ye6 

T T RLB R 179.83 174.56 179.06 173.26 179.62 172.58 
ya4 y92 

T 

IT 

RLB R 179.28 172.55' 178.88 171.64 178.60 170.78 
ya4 ye4 

T T RLB R 179.28 172.88 178.50 171.42 178.37 171.06 
ya4 I 

y96 

*1 
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In the case of HLB and RLB fabrics, the width of cloth between 

warp marker C and the right hand selvedge end was also measured and 

referred to as WR. 
S 

.* 

The different measured values of WLs Wm, WR (and W 
RS 

) and WT at 

different levels of yarn tensions for the three fabrics HLA, HLB and RLB 

are given in Appendix B4. 

The 36 sets of average values of WL 
9 

WM 
0 

14R (and W 
RS 

) and WT are 

given in Table 4.18 [(HLA), (HLB) and (RLB)] respectively for HLA, HLB 

and RLB fabrics. 

The values of the sections of the width and the complete cloth 

width were also measured during the weaving of fabric samples, HLA, HLB 

and RLB, with minimum levels of yarn tensions (i. e. Ty., and T 
Ye2 

) near 

the fell. 

The percentage change of each of the above parameters WLS WM ,wR 

(and W) and WT from the measured values at the fell WLI, WmI, WI (and WR's) RS R 

and WI are also given in Table 4.19 [(HLA), (HLB) and (RLB)]. T 

The cloth width measuring device (S. 4.2.4) was also used for 

recording continuously the complete width, 'of the three fabrics, HLA, HLB 

and RLB, along its length. The device was calibrated and the recorder 

pen was set on the midscale of the chart as described in section 4.2.4. 

At the beginning of each piece, detector carriages for the two 

edges were adjusted so that the distance between the two edge detectors, 

set at normal width position, was approximately equal to the average width 

of the piece obtained from the hand m. easurements. 

Fig. 4.27 shows'an example of the autographic recordings of piece 

width variation along the length for the HLA fabric. The actual piece 

width at any point along the length was obtained by adding or subtracting 

the variation shown on the chart from the initial (zero) width, i. e. 

nominal width, which was measured by hand at the beginning. The piece 
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Table 4.18 (HLA) 

Average values of the sections of and the complete cloth width 

WL9 Wm, WR and Wr) from hand measurements 

Sample 
Cloth widths (inches) 

Reference 
WL wM wR WT 

e2 
IHLA 

l 
IT 

T 17.23 25.07 21.77 64.11 
y ya 

T 4 
JHLA 

2 
IT 17.23 24.90 21.60 63.77 

ye ya 

T 
IL 

17ý 
's 
JHLA 17.29 25.09 21.71 64.10 

a ya 

T e2 
IHLA 

2IT 17.23 25.00 21.76 64.02 
y y& 

T 
4 

JHLA 
2 

IT 17.24 25.10 21.73 64.10 
ya Ye 

T 
6 

IHLA 
2 

IT 17.25 25.05 21.62 63.96 
ye ya 

e2 
IHLA 

31T 
T 17.17 24.96 21.59 63.74 

y ya 

T 
4 

JHLA 
3 

IT 17.17 24.91 21.58 63-. 69 
ye ya 

T IT JHLA 
3 

17; 21 24.96 21.64 63.82 
y& y 

T 
2 

IHLA 
4 

IT 17.12 24.91 
. 
21.56 63.61 

ye ya 

T 
4 

IHLA 
4 

IT 17.10 24.80 21.68 63.57' 
y. ya 

T 
e6 

IHLA 
a4 

IT 17.14 24.86 21.65 63.65 
y y 

1 
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Table 4.18 (HLB) 

Average values of the sections of and the complete cloth width 

(i. e. s and WT WL3 WM* WR$ WR 

Sample 
Cloth widths (inches) 

Reference 
wL WM wR w 

RS 
WT 

T 
2 

IHLB 
l 

IT 19.60 17.00 17.04 10.22 64.00 
ya ye 

T 
4 

IHLB 
l 

IT 19.80 17.00 17.03 10.27 64.05 
ye Ya 

T 
6 

IHLB 
I 

IT 19.75 17.00 17.02 10.20 63.97 
Ye ya 

T 
2 

IHLB 

2 

IT 19.83 16.99 17.05 10.25 64.12 
ye ya 

T 
4 

IHLB 

2 

IT 19.88 17.03 17-. 09 10.33 64.33 
ye Ya 

T 
6 

IHLB 
2 

IT 19.82 17.04 17.05 10.20 64.11 
ya ye 

T 
2 

IHLB 

3IT 
19.82 17.00 17.07 10.29 64.18 

ya Ye 

T 
3 

IT 

e4 

IHLB 19.77 16.99 17.02 10.25 `64.03 
ya y 

T 
e6 

IHLB 
3 

IT 19.84 17.02 17.06 10.28 64.20 
ya y 

T IT IHLB 

e2 4 
19.83 16.94 17.06 10.27 64.10 

ya y 

T 
4 

IHLB 

41T 
19.80 16.94 17.00 10.20 63.94 

ye ya 

T 
6 

IHLB 

4 

IT 
19.75 16.93 17.03 10.19 63.90 

ya ye 

11 1 1- 
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Table 4.18 (RLB) 

Average values of the sections of and the complete cloth width 

(i. e. W 
L9 

W 
M9 

WR' WRS and WT) 

Sample 
Cloth widths (inchcs) 

Reference 
WL WM WR W 

RS 
WT 

T 
2 

IRLB 
l 

IT 19.79 17.06 16.94 10.13 6 3.921 
ye ya 

T 
e4 

IRLB 
l 

IT 19-71 16.99 16.98 10.15 63.83 
y Ya 

T 
6 

IRLB 
l 

IT 19.75 17.04 16.96 10.15 63.90 
ye Ya 

IRLB T Iý 19.71 16.95 16.98 10.24 63.87' 
ya2 ye2 

IRLB T IT 19.69 16.99 17.00 10.18 63.86 
ya2 Ye4 

T 
e6 

IRLB 
2 

IT 19.64 16.98 16.98 10.07 63.67 
y ya 

T 
2 

IRLB 
3 

IT 19.63 16.86 16.88 10.18 63.56 
ye ya 

T IT IRLB 
3 e4 

19.54 16.82 16.75 10.07 3.18 6 
ya y _ 

T 
6 

IRLB 
3 

IT 19.62 16.86 16.86 10.12 63.47 
ya ye 

T 
2 

IRLB 
4 

IT 19.61 16.89 16.87 10.09 63.46 
ye ya 

T 
4 

IT 
e4 

IRLB 19.60 1.6.87 16.86 10.04 63.37' 
ya y 

I RLB T Ii 19.72 16.95 16.85 10.05 63.57 
ya6 Ya4 



1136. 

Table 4.19 

The average precentage contraction of complete and sections of cloth 

: width (i. e. WT 
11 

WL 
1 

WM 
' 

WR 
' 

Fig. 4.20) for HLA fabrics at different 

levels of T and T 
yay0 

Percentage contraction of complete and sections of 
cloth width 

Sample Left hand 
2nd marker to 

selvedge lst marker to 
right hand Complete 

Reference end to lst 2nd marker selvedge end 
width 

marker % WM 
%W 

% I-IT 

% WL R 

T 
2 

IHLA 
I 

IT 5.82 5.39 5.90 5.62 ye ya 
T 

4 

IHLA 

I 

IT 5.82 6.03 6.66 6.12 
Ye ya 

T 
6 

IHLA 

1 

IT 5.48 5.33 6.16 5.64 
Y0 ya 

T 
2 

IHLA 

2 
IT 5.82 5.66 5.95 5.75 

ye Ya 

T 
4' 

IHLA 

2I 
5.16 5.27 6.11 5.63 

Ya Ye 

T 
2 

IT 

e4 

IHLA 5.68 5.47 6.55- 5.84 
y ya 

T 
2 

IHLA 

3 

IT 6.14 5.81: 6.71 6.17 
ye Ya 

T 
e4 

IHLA 

93 

IT 
. 
6.14 6.00 6.72 6.24 

y Y 

T 
6 

IHLA 

e3 

IT 5.88 5.80 6.49 6.04 
y Ye 

2 

IHLA 

4 

IT Tn 6.42 6.01 6.83 6.36 
ye a 

T 
4 

IHLA 

a4 

IT 6.49 6.43 6.33 6.41 
Y Ye 

T 
6 

IHLA 

4 

IT 6.28 6.17 6.44 6.30 
Ya ye 
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width of each of the fabrics was recorded twice. 

The actual values of piece width of the three fabrics, IILA, IILB and 

RLB were measured from the chart, at an interval of 4 inch along the 

length to an accuracy of 0.03 inch. The recording of one quarter of an 

inch distance on the chart represents approximately 4.5 inches of actual 

cloth length. The ratio of chart to actual width was 1: 2. 

The frequency distribution of the total width M measured by hand 

(f. ) and (ii) by measuring device (fc) for three fabrics, HLA, HLB and RLB, 

are given in Table 4.20 and also shown in Fig. 4.28 [(HLA), (HLB) and (RLB)l 

respectively. The statistical measures from these frequency distributions 

of the cloth widths were calculated and given in Table 4.21. 

It can be seen from Fig. 4.28 and Table 4.21 that there was very 

little difference between the distribution of the measured width obtained 

from (i) hand measurement, and (ii) the recording chart. 

It should be noted that the actual variation in the cloth width 

could be due to the changes in yarn tensions during weaving and this will 

be discussed later in section 6.5. Since there was no difference in the 

numerical values of the standard deviation of the mean cloth width obtained 

from the two measurements, it can be reasonablY accepted that the values 

of cloth width obtained from the recording chart are approximately equal 

to the actual width of the cloth. 

4.3.2.7 Elastic moduli, Si) yarn, and (ii) fabric 

It has been shown earlier (S. 3.1) that the warp and fabric 

tensions at the moment of beat-up depend. on warp and fabric elasticity 

(E 
y 

and Ef ). 

The values of E and E, were obtained from the first load/elongation 

trace from teýts carried out on the Instron machine. The particulars of 

the tests are given in Table 4.22. 
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Table 4.20 

Frequency distribution of the cloth width along the piece length of HLA, 

HLB and RLB fabrics obtained from M hand measurement, fH, (ii) recording 

chart, fc 

Frequency of occurrence 

Mid values 
Width interval 

of width HLA fabric HLB fabric RLB fabric 
(inches) (inches) 

fH fC f 
W: 

fc fH fc 

63.00 - 63.25 63.125 0 0 0 0 8 3 

63.25 - 63.50 63.375 0 2 0 0 37 19 

63.50 - 63.75 63.625 45 46 0 4 42 39 

63.75 - 64.00 63.875 45 46 1.4 47 42 19 

64.00 - 64.25 64.125 19 20 94 63 18 30 

64.25 - 64.50 64.375 4 1 33 10 1 5 

64.50 - 64.75 63.625 4 0 

Total number_of values 126 115 145 124 148' 112 
Total frequency 

4 
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Table 4.21 

Statistical measures of the total cloth width along the piece length 

obtained from hand measurement (W. ) and the recording chart (VIc) for 

HLA, HLB and RLB fabrics 

Width of fabric samples woven 

HLA IILB RLB 

i i l Stat st ca 

For the From the For the From the For the From the. 
measures hand recording hand recording hand recording 

measurement chart measurement chart measurement chart 
WH wc WH WC WH wc 

Mean (inch) 63.87 63.80 64.17 64.03 63.67 63.80 

Median 
inch) 

63.87 63-. 80 64.16 64.03 63.67 63.74 

Standard 
deviation 0.210 0.188 0.148 0.159 0.275 0.281 

(inch) 

Variance 
(inch) 

0.044 0.0354 0.022 0.025 0.076 0.079 

Standard 

error of 0.019' 0.017 0.012 0.014 0.023 0.027 
the mean 
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Table 4.22 

Particulars of the Instron test for calculating elastic moduli 

of yarn and fabric 

Specifications Used for yarn test Used for fabric test 

Sample Single yarn 211 wide strips (118 ends) 

Gauge length 10 inches 10 inches 

Cross head speed 2 inches/min. 2 inches/min. 

Chart speed 20 inches/min. 20 inches/min. 

Cell B DM 

Full scale load 7.05 ozs. 22.04 lbs. 
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The cross head of the instrument was set to oscillate so as to 

reach the maximum load of 7.05 ozs/threads on the single yarn and in the 

case of fabric it was 22 lbs. 

Four fabric samples, from the weaving of HLA, HLB and RLB fabrics, 

were tested. The test was repeated over several samples for warp yarn and 

each of the fabric samples. An average value of Ey was found to be 

129.64 ozs/thread. The average values of Ef for the different fabric 

samples for the HLA, HLB and RLB cloths are given in Table 4.23. 

4.3.2.8 The coefficient of friction (p), yarn againstyarn 

The importance of the above parameter is that it is involved in 

the estimation of warp thread tension at the moment of beat-up (= 3.13) 

and weaving resistance (= 

The frictional behaviour of textile materials has been the subject 

of investigation for a long time, but mainly concerned with frictional 

forces between a single fibre and a solid body. The knowledge, -concerned 

. 11 
with frictional forces for the dase when yarn acts against yarn, is very 

limited. Koza 268 took two surfaces covered'with yarn and put them in 

contact in such a way that the yarn axes were at-right angles. He found, 

by'changing the load for different nylon and polyester filament yarns, 

that the frictional force is related to the normal load. Ngai'69 used a 

similar method to measure the coefficient of friction in terms of load 

with wool blends. The problem of estimation of the frictional forces 

between the two threads acting with their axes at right angles, but in 

161 
capstan like condition, has been attempted by Caluszynski . He measured 

the coefficient of friction in conditions which resemble the weft movement 

during beat-up. 

In the present work, it was decided to develop a method to measure 

the approximate value of the coefficient Pf friction for yarn against yarn. 
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Table 4.23 

Average values of Ef (ozs/thread) obtained from HLA, HLB and 

RLB fabric samples 

I 

Sample 
Ef (ozs/thread) 

Reference 
11LA Fabrics HLB Fabrics RLB Fabrics 

T 2 

IM 

l 
IT 14.36 14.45 14.72 

yo Ya 

T 2 

IM 

2 
IT 15.01 15.55 16.96 

y9 ya 

IM T IT 15.25 15.89 18.71 
yo2 ya3 

IM T IT 15.36 16.60 19.63 

ye2 ya4 
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One yarn system (A), clamped tightly in a bolder (C), moved up and down 

against another stationary yarn (B), (F. 4.29). The clamp (C) was fixed 

in the cross bar of an Instron tester in such a way that the complete 

assembly can be moved horizontally in the cross bar to increase or 

decrease the angle of contact (6 
A) 

between yarn (A) and the vertical 

yarn (B). One end of the yarn (B) was fixed in the upper jaws of the 

Instron tester while the other end, after passing through the central 

hole in the cross bar, used generally for fixing the lower jaw, was fixed 

at the base of the machine in the clamp. 

The load (to) applied to the yarn (B) was recorded on the chart. 

The yarn (A) was then brought in contact with the yarn (B) by moving the 

clamp (C) a distance 'a', (rig. 4 . 29). By increasing or decreasing the 

distance 'a', the value of the angle of contact was changed. The angle 

of contact, 0 
A$ was calculated from the values of a, x and y (F. 4.29). 

The tension of the yarn (B) was changed thus from t0 to t, and this was 

recorded. 

The cross bar was moved up and down and the changes in 'ihe value of 

the load (t 
2) acting op the upper-^instron jaw were recorded (F. 4.3C'. 

Applying the capstan equation to the above'condition (F. 4.29) then: - 

t2 Al e 
lie 

or Jtn t2A 
11 

0 (4.1) 

Thus, knowingýthe values of t, and t 
25 

from the Instron chart, and 6 in 

the above equation (4.1), the approximate value of V can be calculated. 

Since, both white and dyed yarns were used as weft yarn during 

weaving of all fabric samples, it was decided to use both these yarns 

as the yarn (A) during the experiment. 

The values of V were calculated in terms of t 
I" 

t2 and 0 values for 

both white and dyed yarn-M and white yarn (B) and are given in Appendix B5. 
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The average value of p=0.135 was used in equations (3.14), 

(3.13) and (3.11) to calculate Wr, T and Zf 

I 

9 

I 
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CHAPTER 5 

EXPERIMENTAL VERIFICATION OF THE THEORETICAL MODEL 

The object of this chapter, in the first instant, is to assess 

the ef f ect of Ty. CY Cf , 
e, P and a on the (i) cloth contraction 

(Zf), (ii) warp yarn tension at the 
. 
moment of beat-up (T 

Y) 
and 

(iii) weaving resistance (W. ). 

The measured, values of Zf-, TY and W,, obtained from the weaving 

set-up for the production of HLA, HLB and RLB samples (S. 4.3), were 

compared with the calculated values, using equations (3.11), (3.13) 

and (3.14), and the measured and/or estimated values of the parameters 

involved in-the, equations. 

Finally, a comparlison between the two methods of obtaining the 

values of 0 and P will be attempted on the basis of the calculated 

values of Z --T and W'. 
fyr 

5.1 The effect of T 0, C and C 'on ZT and W and a 
YO- yffyr 

constant and no slipping back picks 

In chapter 3, the weaving resistance (W, ), warp tension at 

beat-up (T 
y 

Y-and the_cloth contraction (Z, ) was described by 

mathematical equations in terms of such parameters as final warp 

thread angle in'the fabric (0), shed angle (a), coefficient of friction 

basic warp tension (TY,, ')-'9--warp and fabric elastic constant (C 
Y 

and 

Cf respectively Thus,. W 
rTY- 

and Zf can be discussed in terms of the 

influence of each single parameter which is involved in the equations. 
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V 

The equations (3.11j, (3.13) and (3.14) show how each of the 

three parameters, Zf, Ty and Wr are related to the six independent 

parameters T 
yB ,Cf, 

Cy, 0, a and v. The basic warp tension (T 
y 13 

) 

can easily be calculated (S. 3.1.1) from the'known parameters 

including the closed shed warp tension (T 
YO 

). The way in which 

the variables and constants are chosen for the graphical representation 

of the effect of various independent variables on Z, ,Ty and Wr is 

set out in Table 5.1 with reference to each figure number. For 

any particular experimental weaving condition set-up, the values 

of p and a are taken to be constant, therefore, it seems reasonable to 

assume that variables T 
ya, 

Cy, C, and e are the most significant 

factors affecting Zf, Ty and Wr. Table 5.2 sets out the various 

chosen values of the independent variables listed in Table 5.1. 

These values. at Table 5.2 wereselected from the Table 5.3. 

Table 5.3 sets out the measured values of the parameters, used in 

equations (3.11), (3.13) and (3. ý4) and obtained from the experimental 

'weaving conditions (S. 4.3). The computer programme used for 

the simulation is given in Appendix C*l. The tabulated data given with 

each of the Figures 5.1 to 5.9 is obtained from Table 5.2. 

The basic warp tension is the factor which is indirectly involved in 

the calculation of the fabric structure and directly involved in the 

calculation of the weaving resistance. Thus, weaving resistance, 

being a function of warp and fabric tension at the moment of beat-up 

3.2) as well as of final warp thread an le in the fabric 3.5), Tnust 9 

depend on the basic warp tension (T ) and in turn (T ). According 
YB YO 

to equations (3.27), (3.31) and (3.32) the value of 0 should decrease 

with an increase of T 
YE3 

-. Increase of Ty. gives an increase of warp 

stretch (Z 
y) 

and Ty together with contraction of fabric length, so 
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Table 5.1 

Independent variables and constants used to simulate the values of 

zf, wr and Ty (Figs. 5.1 to 5.9) 

it 

Dependent Variables 
variables and Independent 

changed Constants 
their (figure variables in simulation 

numbers) 

1. Zf, Wr, Ty T 
yB 

0 cy ,a and P 

(5.1$-5.4,5.6) 

2. Zf, Wr$Ty cy 0 cf 9 
TY13 

,a and 11 

(5.2,5.5,5.8) 

3. Zf, WrTy Cf 0 cy, TyBsa and jj 

(5.3,5.6,5.9) 

I 
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Table S. 2 

Chosen and experimental values of parameters used to simulate the 

values of Zf$ W. and Ty (F. 5.1 to 5.9. T. 5.1) 

Figure curve 0 c Cf T 
VB 

a 
numbers 

y 
(oz/inch) (oz/inch) (oz/inch) 

thread thread thread 

(2) (3) (4) (5) (6) (7) (8) 

5.1,5.4 A 35 1.7287* 0.718* 0-2.8 5.58* 0. 24* 

and 5.7 B 45 

C 50 

D 65 

5.2,5.5 A 45 0- 7.0 0.718 1.4776 5.58-* 
1 

0.24* 

and 5.8 B 55 

C 65 

D 75 

5.3,5.6 A 45 1.7287 0 8.5 1.4776 5.58e; 0.24--' 

and 5.8 B 55 

C 65 

D 75 

N. B. M The values of the parameters marked as (*) are fully 

experimental mean values selected from Table 5.3 

(ii) The values of 0 chosen are within a realistic range for 

the 2/2 twill fabrics used 
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Table 5.3 

Measured values of parameters obtained from different weaving conditions 

Fabric 

sample 
reference 

Tya 

(ozs/inch) 

thread 

Cy 

(ozs/inch) 

thread 

cf 

(ozs/inch) 

thread 

a 

T 
2 

IHLA 
2 

IT 1.1345 1.7287 0.6868 0.135 5.58 
ye ya 

T 
2 

IHLA 
2 

IT 1.2291 It 0.7180 It 11 
ye y& 

T 
2 

IHLA 
3* 

IT 1.2923 it 0.7264 it 
yo ya 

T 
4 

IT 
e2 

IHLA 1.3552 0.7313 
y ya 

T 
2 

IHLB 
2 

IT 1.1582 1.7287 0.6880 0.135 5.58 
ye y& 

T 
2 

IHLB 

2IT 
1.3181 to 0.7405 11 it 

Ya ye 

TIT 
IHLB 

2 3 
1.5316 0.7569 it it 

ya ye 

T 
2 

IHLB 

4 
IT 1.6376 0.7904 It to 

ye ya 

T 
2 

IRLB 
2 

IT 1.2115 1.9495 0.7012 0.135 5.58 
ya ye 

T 
e2 

IRLB 

2 

IT 1.3714 11 0.8078 11 11 
y ya 

T 
2 

IRLB 

3 

IT 1.5843 11 0.8910 11 
yo Ya 

T 
2 

IRLB 

4 

IT 1.6909 11 0.9346 It 
ye y& 

N. B. M These tabulated values are used to obtain the values of 

Zf Ty and Wr in equation (3.11), (3.13) and (3.14) 

The values of T 
YB 

were obtained using the measured TY0 

values and the pomputer prograrri" 

it 
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I 
J, 

the weaving resistance should increase. Thus, closed shed 

tension (TY0) and hence, the basic warp tension, T 
Y., 

influence 

the Z,, WF and TY through all related factors. The influence 

of Ty. and hence. T 
YB 

on Z,, TY and W. are shown Figs. 5.1 to 

5.9 and the influence of 0 on ;, W. and TY are shown in Figs. 

5.1,5.4 and 5.7. It can be seen that Zf, W and T increase 

linearly with TYO(Figs. 5.1 to 5.9) and 0 (Figs. 5.1,5.4 and 

5.7). 

The parameter, warp elastic constant, (C 
y 

), is involved in 

I 
the calculation of warp stretch, Zy3.12) and warp tension, 

Ty, (= 3.7) and fabric tension, 'Tf, (= 3.8) at the moment of 

beat-up. Equations (3.11) and (3.12) show that fabric contraction 

and warp stretch at the moment of beat-up should decrease with 

increase of C (cos a>W /T ). Since the warp tension, at the 
yry 

moment of beat-up, depends on Cy and on the warp stretch (= 3.7), 

the above two equations, for warp stretch and tension, predict 

'that Cy has greater influence on warp tension than on warp stretch. 

Thus, the warp tension at the moment of beat-up and the weaving 

resistance should increase with Cy. The influences of Cy on Wr 

and Ty are shown in, Figs. 5.5 and 5.8 and confirm the above 

statement that Wr and TY increase uniformly with warp elastic 

constant. 

Similar to the effect of the warp elastic constant, the fabric 

elastic constant, Cf% is involved in estimation of warp stretch 

and tension, and fabric tension at the moment of beat-up. 

The warp stretch at the moment of beat-up decreases with 

increases of. C, (= 3.12). This leads to decrease of fabric and 

warp tension at the same moment. But, the fabric tension T cos8. e-jj(a+O) 
y 
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r 

should decrease less than warp tension decreases. Thus, the 

weaving resistance, -being a function of warp and fabric tension 

3.12), should decrease with increase of fabric elastic constant. 

Figs. 5.3,5.6 an 
Id5.9 

clearly confirm that Zf, TY and W. deýreases 

as C, increases. 

Thus, the computer simulated figures (5.1 to 5.9) clearly 

show that weaving resistance, Wr, the cloth contraction, Zf, and 

the warp t ension at beat-up, Ty, is a function of 0, a, v, c 

c and warp tension, T 
f YB 

72 
It has been shown that the sudden changes in thee values, 

in terms of final pick-spacing, change the weaving resistance. The 

value of 0 was found to be a function of the number of picks which 

would slip back. The phenomenon of slipping back picks and its 

effect on weaving resistance will be discussed later in Section 5.1.1. 

It should be noted thatin the present thesis the phenomemon of 

slipping back picks was not considered. Comparing the general trend 

! of results from Galuszynski's work (Fig. 5.10) 161 
with the'present 

(Fig. 5.4) it is revealed that, except for the curve 3 in Fig. 5.10, 

where the effect of slipping back picks on the W are clearly 
r 

-indicated, the values of W increased with increase in T in both 
yB 

cases. The discontinuity appears in Fig. 5.10, curve 3, at the place 

where the number of picks which would slip back is changed. Galuszynski 16' 

also investigated the effect of C and C on weaving resistance 
Yf 

(Figs. 5.11 and 5.12 respectively). The Figures 5.11 and 5.12 show 

a smooth relation'between weaving resi. stance and C and C,, as is 
Y 

also indicated in Figs. 5.5, and 5.6. 

Thus it would appear that there could be differences in the 

measured an d the calculated values of Wr, arising from the 
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f 

number of actual picks which slipped back. ft can also be " 

expected, from the above analysis, that there. could be differences in 

the measured values of 2ý , Ty and Wr obtained from'the. weaving conditions 

with Hattersley and WIRA/Poole roller let-off motions. This is 

due to difference in the values of k for two let-off systems which 
Y 

will consequently alter the values of Cyused for the two let-off motions. 

5.1.1, Phenomenon of, slipping-back 

72 160-164 
Several workers I have indicated the phenomenon of slipping-back 

and suggested that the major factor affecting the beat-up force w; qs 

the number of picks slipped back and this is discussed below.. 

At the moment of beat-up, when the reed pushing the pick into 
I 

cloth fell reaches the front position, the warp"tension reaches the 

maximum level.. When the reed starts to move back, the warp tension. 

decreases in value, so that the tension*at intersection also decreases. 

During the reed separation from the cloth fell, the equilibrium state 

between these two tensions has to be obtained (the Capstan equation 

has to be satisfied). Assuming that v (coefficent of friction) 

remains constant, this state can be obtained only by the change of the 
1. ý r, 

contact angle, y -. This angle (Fig. 5.13) is the sum of a and 0 so 

the values of these angles has to be changed, by decreasing 0 and 

increasing a by different amounts. The distance of the pick to the 

heald shaft is rany times greater than the pick spacing (p.. ) so the 

increase of a (the shed angle) is very small for given shed height; 

thus, the decrease of O(the warp thread angle at new. intersection) plays 

the main part. IThe 
decrease is affected by the force Ru and RL (the 

resultant 
. 
of T 

YIU 
and T 

YIL 
along axis X (Fig. 5.13) respectively) which 
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push the pick back, until the,. -r'elevant conditions satisfy the 

Capstan equation. Clearly, the angle 0 assumes a new value 

and the pick spacing is increased, i. e. the pick has slipped back. 

If the new value of 6 does not satisfy the conditions of equilibrium 
k 

between the intersection under discussion and the next one in the fabric, 

the next pick will slip back, to satisfy the Capstan equation etc., 

until the equilibrium state between the forde is obtained. 

one of the earliest registered studies was that of Stein 106 
who 

investigated the warp thread tension in the cloth fell, (as mentioned 

. earlier, S. 2.3.1) warp tension,. fabric tension and weaving resistance, 

with slipping back picks, by using the capstan equation. 

The weaving resistance with slipping back was later investigated 

by Platel 24,125 
who, in order to predict weaving'resistance of plain weave 

from cloth. parameters and warp thread properties, found that the 

major factor affecting the beat-up force was the number of picks 

slipping back,, which in turn depend on the 0 and relation 
L 

(where 0S=a and 0L=e and OS "ýý ed * Plate used OL 9 OS to. denote 

larger and smaller angles on either side of the moving pick: the 

relation can bEj used for slipping in or out. 

72 
Ito used a similar approach to that of Plate, and used the capstan 

equation to describe the warp thread tension at intersection within 

the length of fabric, where slipping back for plain weave occurs. 

The values of warp thread angle, 0, at the moment of beat-up was 

found in terms of the number of picks which would slip back after 

beat-up. 
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The work of Plate and Ito showed clearly that the warp thread 

angle at the moment of beat-up, (a) is related to the final warp 
I 

thread angle (0) in the fabric by a discontinuous relation. Later 

Galuszynsk, 26 lalso found that'an increase of weave angle caused an 

increase of the weaving resistance with discontinuities. The 

phenomenon of discontinuity, he said, took place when the number of 

picks which would slip back is changed. This phenomenon was not 

clearly observed, however, in his experimental work. 

In the present work, the rigures 5.1 to 5.9, however, show 

clearly a smooth relation between Wr and TY0 and 0 without the 

discontinuities associated with the changing number of slipped 

back picks. It is to be noted that in the present theoretical 

study, the angle Owas assumed to be the final warp thread angle 

for the next pick, i. e. there was no slipping back, for simplifying 

as well as for satisfying the. equilibrium state, W. =B for 

applying the Capstan equation. 

The following general conclusions can be put forward from the 

equations (3.11), (3.13) and (3.14) and the related rigures 5.1 to 

5.9, when conditions set out in Table 5.1 and 
. 
ý. 2 are observed and 

no slipping back pick is assumed: 

a) ZT and W 
IYr 

i) increase linearly with T 
Y 

(F. 5.1 to 5.9) 

increase as o increases 

(F. 5.1,5.4 and 5.7) 

iii) decreases as C increases 

(F. 5.3,5.6 and 5.9) 
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and b) 

i) T and W increase as C increases 
. 

(r. 5.5 and 5.8) 

Z, decreases as C increases 
y 

(r. 5.2) 

5.2 Measured and-calculated values of Z, T and W 
fYr 

The, calculated values of (i) ZI, (ii) T and (iii) W were 
Yr 

obtained by substituting the measured values of C, C, v and 
Yf 

a (T. 5; ýý 
and the calculated values of Ty,,, from the measured 

values of T 
YO,, 

S 3.1.1) and 0 (S. 3.1.2.1) in equations (3.11), 

(3.13) and (3.14) respectivley for Z,, TY apd W.. 

As outlined in Section 3-. l. '2.1 and 3.1.1.1, the different 

values of 0 and T 
YB were calculated by substituting the measured 

values of L 
ad 

and PaL and the calculated values of D in equation 

(3.21) for 0 values and by substituting the measured values of 

h, B, v, EY, T 
YO 

Cf and L, in equations (3.15 to 3.20) for T 
YB 

261 

values. The computer programme was used for this calculation of 0 

and T. The calculated values of 0 and T for the different 
ye YB 

TYr 

The. calculated values of (i) ZI, (ii) T and (iii) W were 
Yr 

obtained by substituting the measured values of C, Cf, p and 
Y 

a (T. 5; ýý 
and the calculated values of Ty,,, from the measured 

values of T (S 3.1.1) and 0 (S. 3.1.2.1) in equations (3.11), 
YO 

(3.13) and (3.14) respectivley for Z,, TY apd W.. 

fabrics are given in Table 5.4. 

The measured and calculated values of ZT and W and the 
fyr 

percentage difference between the measured and calculated values of 

each of them, for 12 different samples, woven with 4 different values 

of T 
YO 

and only T 
Y02 

for all three fabrics HLA, HLB and RLB are given 

in Table 5.5. The measured and the calculated values of Z,, TY and W, 

are plotted against the different values of T 
Y() 

for all three fabrics 

in Figs. 5.14,5.15 and 5.16 respectively. In each Figure, for 
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Table 5.4 

The estimated values of 0 obtained, using equations (3.21) and (3.32) 

and computer program. Also the calculated values of TyB obtained 

using equations (3.15) to (3.20). 

11 

Fabric sam 
. 
ple Estimated values of 00* Estimated values of Tys 

reference'. Method 1 Method 2 (ozs/thread) 

T IT 
i 2' 

IHLA 25.0 47.25 1.2933 
ya ye 

, 
T 

a 2 
IT 

2 
IHLA 25.5 47.95 1.4012 y ye 

T 
a 

IT 
e 3 

IHLA 
2 26.7 48.44 1.4733 y y 

T IT 
4 

IHLý 
2 27.7 48.95 1.5449 Ya ye 

T 
a I 

IT 

2 
IHLB 25.9 49.68 1.3203 y ye 

T IT 
2 

IHLB 
2 26.6 ý2.35 1.5026 ya ye 

T 
3IT 2 

IHLB 
ý27.0 

52.55 1.6845 Ya ye 

T 
1 a 

IT 
4 

IHLB 
2 

28.2 54.03 1.8668 
y ye 

T 
a 

IT 
l 

IRLB'- 
2 . 

26.0 54.30 1.3811 
y ye 

T 
2IT 2 

IRLB 26.4 57.32 1.5634 
y& ye 

T 
3 

IT 
2 

IRLB 27.4 59.83 1.8061 
y& ye 

T 
a 

IT 
4 

IRLB 
2 ý29.3 

67.86 1.9276 
y ye 

Method 1 see section 3.1.1.2.1 

Method 2 see secti6n 3.1.1.2.2 
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convenience, the curves A, B and C represent the measured values obtained 

during weaving of HLA, HLB and RLB fabrics and the corresponding 

calculated values for the three fabrics are represented by curves a, 

b and c. 

The most obvious conclusion from these Figures (F. 5.14 to 5.16) 

is that the measured values of Z,, Ty and W. have the same trend as 

the calculated one but there is some discrepancy between them. It 

was found that the measured values were all higher than the calculated 

values. The percentage difference between the measured and the calculated 

values for the 12 samples varied between (T. 5.5): 

320.0%, to 184.5% for Z 
f 

26.73% to 12.57% for T 

and -iii) - 352.0%'to 221.9% for W 

The difference between the related experimental and calculated 

values i. e. between curves Aa*, Bb and Cc (F. 5.14 to 5.16) may have 

been due to the following causes: - 

the assumptions that there was no shift of the fell because 

of either take-up of let-off of the warp, the oscillation of the 

back rail and the shedding during beat-up period. With the loom 

used for this investigation, these actions are likely to take 

place during the Iýeat-up period. Any actual shift in the. fell 

position, not because of the contact of the reed with the fell, 

not only changes the warp tension but also changes the net 

interference of the fell and the reed i. e. the net strain imposed 

on the warp and fabric. Accordingly, the beat-up action might 

have taken place at a lower or higher tension value than the 

calculated T 
yB 

i"s unlikely that the calculated values were equal 
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to the dynamic values. The method of calculating the values 

of T 
YB was used for avoiding sophisticated instrumentation for 

the measurement of Ty 
13 

ii) In the assumption there was no account taken for the slipping 

back picks when the reed receeds from the front centre. As 

mentioned earlier (S. 5.1.1), several investigations 
729106$2 249115,160-16: 

have indicated that the major factor affecting the beat-up force was 

the number of picks slipped back. 

iii) The error in the measured values of elastic moduli. The 

elastic moduli were calculated from the simulated Instron tests 

and it is_well known that elastic moduli depend on the working 

zones of tension andýbecause of the considerable non-linear load/ 

elongation relationship at the early stage, their calculation is 

likely-to-mislead., This is particularly so for the fabrics, 

since its tension, drops during beat-up period. 

iv) It is likely, that the errors introduced in the measured 

values of T,, C, C, p and acan also introduce some additional 
YO Y 

errors in t. he, calculated values of Zf., T and W. It is likely 
Yr 

that there a re some errors as well in the. measured values of Z 

T and W themselves. 
Yr 

Finally, the'use of a purely geometrical fabric model of 

Peirce. for calculating the important parameter, 0, for the 

model based, on . 
the active f orce during weaving near the fell of 

the. cloth. It is likely under dynamic conditions several 

factors creep into the problems thus widening the gap between the 

simple theory and practice. 

, The measurements of the values of L 
ad 

and POL and the calculated 

values of D, ýused in the former model, are likely to introduce additional 
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errors in the 0 values. The 'actual values of D, near the fell, at the 

instant of beat-up, are likely to be different from that calculated 

from yarn count. It is difficult to measure the pick spacing at the 

instant of beat-up; only approximate measurements are possible near 

the fell (P. 
L) on a stopped loom. It is likely that the measurements 

obtained from the static and dynamic conditions of weaving are equal. 

Galuszynski IQ developeda. different method of calculating 0 values 

(S. 3.1.2.2) and also a method of measuring the values of v, and in 

the sections aheadý the values'of 0 and u obtained. from Galuszynski's 

method-and the mbasured values of 7ý,,, Cý, C, and a from Table 5.3 

are also used in equations (3.11), (3.13) and (3.14) to obtain the 

new calculated values of M ZiS (ii) Ty and (iii) WF. The new 

values of Zf, T and W are then again compared with the measured 
yr 

values, so that a comparison can also be made between the two methods 

of obtaining 0 andpvalues. 

For convenience, these new values of 0 and V, obtained from 

Galuszynskils method, will be referred to as 0 and v in the 

section ahead i n'order to differentiate these from the previous 

values of 0 and V. 

ja Galuszynski shDwed that for the fabrics with no slipping back picks 

the weaving resistance increased withvi(F. 5.17) but in the case of 

fabrics with slipping back (tight fabrics) no definite statement can 

be made. Thus a reliableý value of v is fiecessary to calculate the 

values of Zf, "T 
y 

and Wr when comparisons were made with those of 

measured values. 



3 ý, O,, 

................. 
... . ....... ... 

.... ... ..... ... .......... -7, 

1, tZ 

'=X:: *&: '-: A.:.. i : 7.. . 
: *: -..!:: *: I.:. --.... ..... ...... . 

........... 1"' ,,,: *t 
.......... 

........... 
r 

............. 

...... .... . ..... r 
.... . ...... .- 

........... .......... 
.............. .... . ..... .......... 

....... ...... 

............ ...... ... 

...... ......... .... .... ........... ........ ........ . 
... ..... . .. 

-. -n .- 
00 

. ................... 

-: Id -/ 

. -. - __ 

a- 

........... 

. ............ .... . 11-::. -. -_.. -. ,. 

hý 2.2 6 -1 tz 

7- . .......... .............. ........... 
.... ............ 

------ 
... .... ... 

........ .......... 

.................. 
I 

;.............. . ........ 

100, .......... 
................ ....... .... 0 00ý 

........... 

........... 
.... ...... 6 

....... ... . ... . .... .. 

': ............ ...... .... -7 r:,: - 
. ... . ...... 

.......... ............. 

7F 

......... ... 

;. 40 

..... ..... 
............. ...:.: *! j: ---. i-- --.... . .. -:. .... 

n_.. _ _4 

........... 
!:. - 

t7 . ...... ....... ...... 

E 

. ......... 
. =. =_ _ ... 

. 7: 4 
.......... ...... ........... .. . ........ . 

.............. 

oo 
......... . 

. C. 

7* ......... ... X 

. ......... 

... ..... . ..;.... . ..... ..... ....... ......... .. . ................. ....... . 

............ 
....... tn. .......... .... .. 

: a:; .:. ce I ...... ..... 

uencc 'of, 6n'%4cavi-&*rar,, 1T...:. n'l Ista-co' .... . ... .. in 
-Va. 6aze .. of plain we, ........... ...... .. 



391. 

5.2.1 Comparison of the two different methods of obtaining 0 and ji 

values with respect to their effects on the calculated values 

of M Z, j 
(ii) Ty and (iii) Wr ._ 

As mentioned earlier in this section, the values of 0 and p were 

also calculated by using Galuszynskits method. Using this value of 

09 and together with values of T 
YB ,Cy, Cf and a, used also in 

the previous section, the calculated values of Z,, Ty and Wr were obtained 

with the following three arxangements: 

(1) T 
YB 9Cy5 Cf SaS0 and 1ý 

(2) Tyss CY 19C,, a, 09 and v 

(3) T 
YB 9 CY 9 Cf 5 CIS 09 and il,, 

On substituting the values of (1), (2) and (3) in equations (3.11), 

(3.13) and (3.14) respectively, three sets of values of Z,, TY and Wr 

were obtained. These calculated values of Z,, TV, and W, from each of 

the three arrangements, i. e. (1), (2) and (3) are then compared with 

the measured values Of Zf, T and W,, in an attempt to find out the 
Y 

effect of change in values of 0 and V on the'values of Zfq TY and Wr 

162 
By use of a recently developed method the values of Vi. = 0.24 

was found, as compared with the previous value of p=0.135. This 

method applies yarn speed, yarn tension, for a defined contact angle 

between threads. In this method, contact angle varies between only 

17e - 17e , so that the variation in the V values is negligible. 

Whereas in the method previously developed (S. 4.3-2.8), the contact angle 

was measured in a'static'condition which differs from the dynamic one, 

i. e. contact angle becomes smaller. 

Moreover, by change. of contact angle, the frictional force was 

changed and became smaller and due to these two factors, the values of 
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II 

p obtained (S. 4.3.2.8) was much smaller than pg. 

As outlined in section 3.1.2.2, the different values of 09 were 

calculated by substituting the measured values Of PAO EY ,D and T, 

in equation 3.32. A computer programme (Appendix C2) was used for 

this calculation of 6. The different values of e for the. different 
99 

fabric samples are given in Table 5.4 together with the values of 

0 and estimated values of T 
y13 

for the different fabrics used. 

The measured and calculated values of ZTy and Wr and the 

percentage differences between the measured and the calculated values 

of each of them, from the three arrangements (1) 
, 

(2), and (3), for 12 

different fabrics, wov, en with different values of T 
Ya 

and only T 
ye29 

for all three fabrics HLA, HLB and RLB, are given in Tables 5.6,5.7 

and 5.8 respe9tively for the above arrangements. 

The measured and calculated values of Z,, TY and Wr obtained from 

the different-arrangements (1), (2) and (3) are plotted against the 

different values of T, for all three fabrics, in Fig. 5.14,5.15 and 
Ya 

5.16, respectively for Z,, TY and W 

In each Figure, for convenience, the curves, A, B and C represent 

the measured-values of Z, T and W obtained during weaving of HLA, 
ýf' Yr 

HLB and RLB fabrics. ' The corresponding calculated values for the 

three fabrics are represented"by curves a, b and c, with suffices 1,2 

and 3ýrespectively for the three'arrangements, as mentioned above. 

The main conclusions from these Figures (r. 5.14,5.15 and 5.16) 

and Tables (T. 5.6,, 5.7'and 5.8) are: 

i) the measured, values have the same trend as those calculated 

but, there are still some, discrepancies between them. 

using V ', values i. e. by increasing the value of V from 0.135 
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0.24, the calculated values of Z,, Ty and Wr, as 

would be expected, increased as p values increased. 

The measured values are still higher than those calculated 

but the % difference between them decreased (T. 5.6, curves, 

Aa,, Bb, and Cc,, F. 5.14 to 5.16). 

Týis suggests that the coefficient of friction, yarn 

to yarn, v, plays an important part in the dynamics of cloth 

formation. Using the value of P obtained from Galuszynski's 

method(i. e. P=0.24) givps a closer agreement between the 

experimental and calculated values than that given by the 

method used wherý p-= 0.135. It seems, therefore, that the 

value of p given by Galuszynski's method is a more realistic 

value. 

iii) Using 0g values the calculated values of Z,, TY and Wr were 

increased. The calculated values of Z, ,T and W., in this 

f measured values, except case, were all very close to those o. 

that the measured-Wr values from HLA fabrics were'still higher 

than the calculated values by a. small percentage. 

The use of weft elastic modulus, fabric tension in the 

warp direction and the final warp andýilr4cspacing seems essentj 

I 
for estimating the value of e. The weft elastic modulus affecl 

the warp and weft weave angles (0 
a 

and 0. ) in the fabric. 

The latter affects the weaving resistance. 

iv) Usin g v. and 0., as would be expected, increased the caclulateý 

valueslof Zf, T and Wr. The calculated values of Zfj TY and I 
Y 

were all very close to those of the measured values. 

This is contrary to the findings when p and 0 

were used. Comparing the measured and calculated 
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values using (a) p and 0, and (b) p and 0, (T. 5.8 and 
99 

5.5) the % differencesobtained using (a) were less than those 

obtained from using (b). The percentage difference between 

the measured and the calculated values using P9 and 09 for 

the 12 samples varied between (T. 5.8): (i) +2.5% to -43.6% 

for 2ý, (ii) -5.1% to -34.4% for T and (iii) +7.2% to -47.2%. 

This suggests that the close agreement between the measured and 
N 

calculated values of Zf9Ty and Wr can onlY be obtained when 

the values of V and 0 are more realistic. 

The values of Wr -calculated from the chart, are 

smaller than those which actually took place during the 

weaving, due to such factors as the effect of the vibration 

carried by the signals and inertia forces, etc. 

Discussion 

The experimental and theoretical values reveal the effects of 

different basic parameters on (i) the cloth contraction (Zd, (ii) the 

warp tension at beat-up (T ) and (iii) the weaving resistance 
. 
0ý 

y 

The elastic modulus or constants, of warp and fabric influence the 

development of beat-up force and of warp tension at the moment of beat-up 

and hence influence weaving resistance. Also friction has an influence 

on values of ZfTy and Wr. The weft elastic modulus (E 
ye 

) affects the 

warp and weft angle (0, and 0. ) in the fabric. The value of 0a increases 

with Ey. whereas the value of 0. decreases. The increase in the value of 

E always leads to an increase of W, but it can give a sudden increase 
Ya r 

in W. if this change causes an additional pick slip back. It has been 

260 
shown that the number of picks which viould slip back increase with a 

decrease of ji for the same fabric (i. e. the same 0. or p. /D). It is 

difficult to put forward any definite conclusion about the influence of the 

coefficient of friction on the weaving resistance. However, increasing the 

value V from 0.135 to 0.24, the calculated values of Zf, Ty and Wr increasc. ( 
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for the same value of T 
YO, 

CY, CO a and 0. 

Weaving resistance depends primarily on the maximum weave angle, 0. 

This in turn depends on the number of picks which would slip back. The 

weave angle is a function of E 
ye , fabric tension in warp direction a. s 

well as final average pick and end spacing. Weaving resistance itself, 

however, affects the warp tension during beat-up so there is an internal 

feed back in this process which completes the relation. 

5.3 SummarX I 

The result obtained from the use of experimental work confirmed 

I 
the theoretical approach. The experimentalresults show the increase of 

the warp tension, measured at closed shed, gives a proportional increase 

of'the (i) cloth contraction (Z, ), (ii) the-warp tension at the moment 

of beat-up (T. ) and (iii) the weaving resistance (W ) for all the 
yr 

experimental fabrics. 

The measured values of 2ý, T and W. have the same trends as those 

calculated but there was, however, some discrepancy between them. The 

measured values were all greater than the-calculated values but the 

discrepancy decreased when aV value of 0.24 was used instead of 0.135. 

Using 09 and vig (i. e. the value of 0 and v obtained by Galuszynski's 

method) it was found that the calculated values were all very close to 

those of the measured values for all three fabric samples. 

The discrepancy between the calculated and the experimental values 

can be caused by a number of factors such as yarn diameter and the thread 

spacing values which were discussed in pection 5.2. The value of yarn 

diameter was obtained by the use of a rather arbitrary formula and it is 

also recognised that the effective value in the fabric is difficult to 

predict. 
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The theoretical results clearly show the influence of weft elastic 

modulus on Zf , T. and W. through the chang es in 0 values.. 

It has to be noted that in the model we have used a s'imple model 

of 2/2 warp face rib to define weave angle 0 and plain weave to define 

Zf 
, 
TY and Wr ' whereas in the experiment 2/2 twill was used. The 

difference between the model and the experiment caused some discrepancies 

between the theoretical and experimental values of our parameters. 

I 

I 

4 
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CHAPTER 6 

ANALYSIS OF RESULTS JUM DISCUSSIO14 

In this chapter there is-an analysis and discussion of the 

experimental results presented in Chapter 4. 

This examination emphasised how the changes in yarn tension, during 

the beaming and weaving process, affected the values of the fundamental 

woven fabric dimensional parameters p and L. The latter were measured 

at different levels of internal energy indicated by the relaxed state 

references I. L. S., D. R., W. R. and T. R. There are other important aspects 

considered here on the causes of changes in p and L. On the machine 

processing side, there are the types of beaming'process and let-off 

mechanism and with the fabric itself there is consideration given to its 

geometry. 

Considering each section in turn then in section 6.1, the experi- 

mental results of M cloth contraction (Z 
f 

), (ii) warp tension at beat- 

up (T 
Y 

), (iii) weaving resistance (W 
.) 

and. (iv) the thread spacings (PL) 

achieved during weaving are analysea on the basis of the theories set out 

in Chapter 3. This leads to a discussion on the effect of yarn tension 

changes on the above four parameters (i), (ii), (iii) and (iv). 

The effect of yarn tension changes during weaving on the out of 

loom, D. R. state, values of"p and L for the middle section samples are 

analysed and discussed in section 6.2. 

The effect of fabric relaxation on the values of p and L for the 

middle section samples are dealt with in section 6.3. 

.A more detailed study of the effect of Yarn tension changes on the 

p and L values measured at different levels of internal energy indicated 

by the relaxed state I. L. S., D. R. ý W. R. and T. R., with respect to the 

left hand, middle and right hand sections of the cloth width is presented 

in section 6.4. 
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In section 6.5,. consideration is given to the differences between 

fabric width after dry relaxation (D. R. state) and that at the fell for 

sections of and complete width. 

In each of five sections, mentioned above, a detailed comparison 

will be made between (a) HLA and HLB and (b) HLB and RLB with respect 

to each parameter considered in the particular section. 

6.1 Effect of changes in yarn tension (TY, and Ty. ) on the M cloth 

contraction (Zf), (ii) warp tension at beat-up (T 
y 

), (iii) weaving 

resistance (Wr) and (iv) pick spacings (PL) in the loom state; 

with respect to fabric samples HLA, HLB and RLB. Comparison of 

HLA, HLB and RLB 

The measured values of-M, (ii), (iii) and (iv) above are analysed 

to find out the effect of changes in warp tension at closed shed (T 
ya 

) and 

weft unwinding tension (T 
ye 

) on each of them. This analysis is done 

separately for each of the three fabric samples, HLA, HLB and RLB, in 
I 

order that the effect of the beaming and the let-off motions on (i), 

(ii), (Iii) and (iv) can also be found. 

T and W 

The measured values of Z,, Ty and WF obtained during weaving for 

three fabric samples HLA, HLB and RLB, and woven at increasing levels 

of T 
Ya 

and T 
Ye 

(T. 4.8 and 4.9) are shown in Figs. 6.1 and 6.2 [(IILA), 

(HLB)and (RLB)] respectively for T 
Ya 

and T 
Ye 

Figure s 6.1 and 6.2 show that: 

-there is definite upward trend of Zf ,TY and Wr as warp tension 

increased for all three fabric samples HLA, HLB and RLB. 

- there is no trend between Ty. and Zf ,Ty and Wr; the values of TY5 

Wr and Zf are random for all three fabric samples IILA, HLB and RLB. 
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The 
I 
change in the value of T 

ye 
makes a change in value of forces 

which have to be overcome during weft crimp formation (= 3.24 to 

3.32),, so the weaving resistance should increase. On the other 

hand, an increase in weft tension leads to a decrease in weft 

diameter, so the weaving resistance should decrease. Thus the effect 

of weft tension on values of our parameters Zf, Ty and Wr is a 

complex one. 

for all three fabric samples HLA, HLB and RLB, the numerical 

difference (T Cosa -Wý increases as T increases. 

6.1.2 p_, and p_, 

The measured, values of thread spacings near the fell of the cloth, 

, 
P,, L and PL9 obtained during weaving for the 

I 
three fabric samples, HLA, 

HLB and RLB, woven, at increasing levels of Ty. and T 
Ye 

(T. 4.8 and 4.9) 

are-shown in Figs. 6.3 and 6.4 [(HLA), (HLB) and (RLB)l respectively for 

ýT and T 
ya Ye 

The figures show that: 

the-values Of P, 'L and PL decrease as T increases for all three 

fabric*samples. An increase in T increases T and W so the 
Ya Yr 

amount of elongation AL of modular length of warp thread is 

greater. Thus the amount. of contraction of the warp modular 

length is greater which leads-, to a decrease of pick spacing. 

For the RLB fabrics, because of the difference in the value of CY 

from that for the'HLA and HLB fabrics, there is difference in the 

value of W and this increase in tension due to higher C leads 
rY 

to. I greater relaxation (F. 6.3 (RLB)). The relaxation process 

appýýars because the type of temples used; the latter did not keep 

the, -width of cloth at the fell as it should be in the reed. 
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- there is no definite trend between T and and the values ya 
Pe L PaL 5 

Of PL and PaL are random for all three fabric samples. The change 

in values of Tye makes a change in ea , 00 ,da and d. values 
262 $48 

which leads to change in the values of thread spacing. The change 

in the values of Ty,, and the related change in thread spacing is a 

complex phenomenon and thus there was no trend observed between PL 

and PaL in terms of T 
ye 

6.1.3 Discussion 

The above results clearly indicate the influence of Tya and TY0 

on the values of 2ý, TY' Wr and PL and the results are clearly in agreement 
160-163 

with the previous findings on the grounds of the results obtained, 

it can be suggested that irrespective of the type of let-off motions and 

beaming process the following comments hold: 

- the basic warp tension (which would be developed for the open shed 

at value a, but without beat-up) is the factor which is directly 

involved in the calculation of weaving resistance. The following 

parameters can be calculated (S. 3.1): 

i) the"cloth. -tension 
in warp direction 

Ji) the warp and weft thread angle in the fabric, but in the present 

work it is not used because the closed shed tension is involved 

in the fabric geometry. The estimated values of 0 were calculated 

from the measured values of PL and PaL from the fabric between 

the fell and temple with the closed shed. 

iii) the _Warpýstr'etch'and tension at*the moment of beat-up 

iv) the'fabric tension-at the moment of beat-up 

- the value'of'T 
yB 

can be calculated from T 
ya 

(S. 3.1.1). 

Thus, weaving resistance, being a function of warp and fabric tension 

at the moment of beat-up, as well as of warp thread angle in the fabric, 

must depend on the basic warp tension and in turn T 
ya 
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According to equations (3.31 and 3.32) the values of 0 should 

decrease with an increase of T 
yB , 

and this is also clearly indicated 

from Fig. 6.3. 
% 

Increase of Ty. gives an increase of the warp stretch and the warp 

tension at the moment of beat-up together with contraction of fabric 

length, so the weaving resistance should increase. Thus the basic 

tension (T 
yB 

) and, in turn3. ' Tya' influences the weaving resistance through 
160 

all related factors. The previous work also indicated and suggested 

that the relation between basic warp tension (T ) and W could be 
YB r 

considered as linear and an increase of the basic warp tension leads to a 

greater weaving resistance in a region of an unchanged number of picks 

which would slip1back. It would appear thus that in the present experiment, 

all the fabrics, woven where the number of picks which could slip back were 

unchanged, and this may be the reason why there was upward trend, without 

sudden change., which is characteristic when the number of picks would slip 

back, is changed, in Zf ,TY and Wr with T 
Y. 

and decreasing trend for the 

PL with T 
Ya 

6.1.4 Comparison'of HLA, HLB and RLB fabric sam2l2s 

From the data presented in Table 4.11 [(HLA), (HLB) and (RLB)I, 

it is possible to, obtain a comparative study between the fabric parameters 

obtained during"weaving of fabric samples HLA, 11LB and RLB. 

For'all, three fabric samples, HLA, HLB and RLB, average values of 

and p (i. e. pxp) were plotted against the T values in P,. L9 PaL 
sL eL aL Y 

Figs. 6.5,6.6 and 6.7 respectively. The area, p 
$L5 

of unit fabric cell 

was the product of Pe L and P. L values. For each pair of variables and 

for each fabric sample, HLA, HLB and RLB, the regression equations were 

computed. The computed lines are drawn in the respective figures. The 

values of regression constants (m), the intercept (c) and the correlation 
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Table 6.1 

The results of regression analysis bn the effect of TY on the values 

of pL_ for HLA, HLB and RLB fabrics. 

Relationship between HLA HLB RLB 
fabrics fabrics fabrics 

L 
(10-4 inch) and T (oz/thread) P 

e y 

m (inch/oz) -10.67 -15.02 -31.33 

C 
(10-4 inch) 212.65 214.23 239.43 

y -0.92 -0.92 -0.95 

-4 -'(oz/thread) 2. Pa L 
(10 

- 
inch) and T 

y 

ml(inch/oz) -10.43 -6.55 -7.13 

-4 inch) 195.02 187.76 188.88 

y -0.89 -0.97 -0.97 

-6 (oz/thread) 3. PsL (10 sq. inch) and T 
y 

m (sq. inch/oz) -38.83 -38.13 -66.20 

-6 
c (10 sq. inch) 410.90 397.99 L141.07 

y -0.92 -0.94 -0.96 
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coefficients (r) are given in Table 6.1. 

The figures 6.5 to 6.7 and Table 6.1 show that: 

- high negative correlation between the variables for all three 

s amples was found, 

- PeL9 P&L and PL were inversely proportional to TY for all three 

. ýsamples 

- the values of Im' for the RLB samples was the highest in the set of 

three values for PeL and PL in the relation with TY 

This suggests that the changes in Ty were*more critical on PL and 

when weaving with roller let-off motion than with the Hattersley let- Ps L 

off motion. This is because in the two let-off mechanisms, two values of 

CY (i. e. different-amounts of free length of yarns) affects the weaving 

resistance differently (S. 3.1). 

The changes in PL with TY were found to be similar for HLB and RLB. 

The PaL values for HLA samples were found to be more scattered 

(r = 0.832) and the gradient (m) was found to be highest-in the 

set of three values. 

Statistical test 
Is 270 

were also used to compare the uniformity in the 

values of p. ' and obtained from HLA, IILB and RLB samples. L Pa L 

These'showed that for all three fabric samples, the values of P4pL 

and PL were random on T 
ye 

(S-6-1). The t-distribution test for the 

differences -in the mean values of Pe L and P. L arising from the changes 

in T, within each level of T, further showed that, for all three 
ye ya 

samples,, there was no significant difference in the mean values of P*L 

and paL obtained fr 
I 
om-the changes in T 

ye - 
within each level of T 

Ya . 
The 

results of the t-test are given in Appendices D1 and D2 respectively for 

P, L and PaL' Mean valu'es Of POL and PaL were taken, therefore, for each 

set of three levels of T, within each level of T for all three fabric 
ye ya 

samples.. The grand average values of pL, and p., and their statistical 
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measures were calculated and are also given in Appendices D3 and 

D4 respectively for PL and P. L. 
These results are then used to compare 

HLA, HLB and RLB with respect to the variations in the P. L and P. L values. 

The comparison between (i) HLA, HLB, and (ii) (IILB and RLBI, 

with respect to their variances (F-test, Table 6.2) for the grand 

average values of PL and PL at different levels of T 
ya 

showed that: 

(i) there was no significant difference between HLA and HLB sampies 

for the PL values being considered 

(ii) there was a highly significant difference in the P., values 

between HLB and RLB for the first three levels of T 
Y 

(iii) there was no significant difference between HLB and RLB fabrics 

. 
for the PL values being considered 

(iv) the trend was not so marked as in (iii) above but at two T 
y 

values there was no significant difference and one had low 

significant difference, for the pL being considered, between 

HLA and HLB samples. 

The actual variations in the grand average values of pL and PL 

(Table 6.3) at different levels of T., for HLA, HLB and RLB fabric samples 

showed that: 

- the variation, as presented by the c. v. %, in the PL values at each 

level of T was lowest for HLA 
ya 

- the variation, as measured by the c. v. %, in the paL values, at 

each level of T 
ya 

was hl3l%ask for RLB. 

6.1.5 Summary 

For all three fabric samples, HLA, IILB and RLB, the measured values 

of Zf, Wr and Ty increase and PL and PaL values decrease as Ty. increases. 

The effect of Ty,, o-n all the five dependent parameters above was found to 

be random. There was no trend between T 
ye 

and Zf, Ty$W, $PL and Pa L* 
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Table 6.2 

The results of the comparison between M HLB and RLB and (ii) IILA and IILB 

fa bric samples, with respect to the variation in the grand average values 

Pe L and Pa 
L 

Variance ratio (F-test) 

PL values P, L values 

Between the degrees Signifi- 
degrees 

Signifi- 
samples of 

freedom F-values cance 
of 

freedom 
F-values cance 

test test 
VI 3' V2 VI P V2 

T 
l 

JHLB :T 31IRLB 
44,45 3.245 45,47 1.257 n. s. 

Ya Y 

T 
2I 

HLB :T 
a2 

IRLB 44,45 2.993 46,45 1.5045 n. s. 
Y Ya 

T 
3 

JHLB 
:T 

a3 

IRLB 44,45 2.303 45,46 1.164 n. s. 
y ya 

T 
4 

JHLB 
:T 

a4 
IRLB 45,45 1.345 n. s. 115,46 1.060 n. s. 

y ya 

T 
l 

JHLB 
l 

JHLA 
:T 45,46 1.571 nýs. 45,42 2.272 

Ya Ya 

T 12 JHLA 
:T 2 

JHLB 44,45 1.664 n. s. 44,43 1.067 n. s. 
y& Ya 

T 
a3 

JHLA: T 
a3 

JHLB 45,44 1.632 n. s. 116,46 1.602 n. s. 
y Y 

T 
4 

JHLA 
:T 

4 
JHLB 45,44 1.380 n. s.. 45,45 1.724 

ya Ya 

n. s. = not significant 

11. = 5% level of significance 

= 1% level of significance 

*** = 0.1% level of significance 
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Table 6.3 

The results of variations, as measured by C. V. % in the grand average 

values of Pe L and P& L 

C. V. % values in 

Sample P,, L values 
L values P Reference a 

HLA HLB RLB HLA HLB RLB 
Fabric- Fabric Fabric Fabric Fabric Fabric 

T IM 5.03 4.16 1.95 5.32 8.10 7.27 
Ya I 

IM 
T 5.16 4.49 8.16 5.55 5.78 7.13 

y&2 

IM 
T ' 5.05 4.19 6.88 4.96 6.36 6.88 

y&3 

T 
IM 

4.65 5.69 7.31 5.47 7.22 7.05 y&4 
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There was no significant difference between the variations of P&L 

values obtained from the fabric samples woven with Hattersley let-off and 

WIRA/Poole roller let-off motion. There was most variation in the PeL 

values obtained from the fabric samples woven with the WIRA/Poole roller 

let-off motion. There was no significant difference between the variation 

Of PeL values obtained from the fabric samples woven from a controlled and 

uncontrolled beam (HLA and HLB) woven with Hattersley let-off motion. 

The changes in warp yarn tension were more critical on PL and P, L 

when weaving with WIRA/Poole roller let-off motion. 



1126. 

6.2 Effect of change in tension of y arns (Ty. and Ty. ) during weaving 

on the out of loom (D. R. state) fabric parameterS; with respect to 

(i) HLA, (ii) HLB and (iii) RLB fabric samples. Comparison of M 

and (ii), and (ii) and (iii) 

In this section, the measured values of out of loom (D. R. state) 

dimensions of the unit fabric cell, P., and Pa D9 
the thread spacings, and 

and L 
eD 

'the modular lengths, are analysed and discussed to find out 

the effect 
I 

of changes in yarn tensions (TY, and Ty. ) on the value of the 

above parameters. This is done separately for each of the three fabrics 

used, HLA, HLB and RLB, inýorder that the effect of the beaming and, let-off 

motion,, on-each of them, can also be found. There is an analysis of the 

values of fabric parameters obtained from the middle section of the cloth 

width. 

6.2.1 PeDý'PaD9 %D and LD 

The measured values of thread spacings (p `, and and modular - OD 
P. D 

lengths (L and L ), for D. R. state fabrics (T. 4.13 and 4.16), obtained 
aD eD 

'from three fabric samples, HLA, HLB and RLB, woven at. increasing levels of 

warp and weft tension, T and T, (T. 4.6 and 4.7) are shown in Figs. 6.8, 
YA Ye 

6.9 [(HLA),, (HLB)'and (RLB)l and 6.10,6.11 [(HLA), (HLB) and (RLB)I, 

respectively for T and T. 
-The 

only line shown in each of the figs. 
YaYa 

6.8 and'6.10, has been put through the points for weft tension T 
e2 

to 
Y 

indicate the trends. 

The, figures (6.8'Ito 6.11) show that: 

the value of P. D 
decreases as T increases for all three fabric 

ya 

samples, 

thevalue of P. 
D 

decreas 
I 
es as T 

ya 
increases for the IILA, HLB and 

'RLB samples, 
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there'is no definite trend between Ty. and P. D and p., values, 

the values Of P. D and, PeD are random in relation to the changes 

in T for all three fabric samples, 
ye 

the values of L 
aD 

decrease as T 
ya 

increases for all three samples, 

the values of L 
eD 

decrease as T 
ya 

increases for RLB fabrics but for 

the HLA and HLB samples the trend is not definite, 

there is no definite trend between T and L and L. The values of ye &D 9D 

L6 and L are random in relation to the changes in T for all 
aD so ye 

tbree fabric samples. - 

The area, Ps Dý of the unit fabric cell (PaD X Ped was calculated and 

plotted against T 
ya 

and T 
ye 

v- alues for all three fabric samples in Figs. 

6.12 and'6.13 [(HLA), (HLB)-and (RLB. ý] respectively for T and T. The 
ya ye 

values of P., decreased as Tya increased whereas the values Of PsD were 

found to be random ones in relation to the changes in T for all three 
ye 

samples. 

6.2.1.1 'Discussion 

The above analysis of the D. R. state fabric parameters indicates 

that the changes in yarn tension changes the weaving resistance, which in 

turn extends the modular length and-reduces-the thread spacing'at the 

moment of cloth formation, and relaxation of the fabric further changes 

the structure of, the cloth. ' This means that certain basic changes in the 

dimension of the. fabric par&meters from-the change in yarn tension are 

built into the fabric during the weaving process which cannot be altered 

later. The changes in the fabric parameters from the changes in yarn 

- tension are more clear'in the RLB fabrics than with HLA and HLB 

fabrics because the yarns, when woven with WIRA/Poole roller let-off 

motion, become. more sensitive'to changes in warp yarn tension than when 

weaving-with the Hattersley let-off motion, since the elastic constant 

(c of yarn was found to be different for the two let-off motions. Y 
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6.2.1.2 Comparison of IILA, HLB and RLB fabric samples 

For all three fabric samples, HLA, HLB and RLB, the values of pa0, 

PeD9 PD5 %. and L 
9D 

were plotted against the TY values, i. e. the warp 

tension at the moment of beat-up, in Figs. 6.149 6.15,6.169 6.17 and 6.18 

respectively. For each pair of variables and for each fabric sample, HLA, 

HLB a'nd RLB, the regression equations were computed. The computed lines 

are drawn in the respective figures. The values of the regression constants 

(m), the intercept (c) and the coefficient of correlation (r) are given 

in Table 6.4. 

Figures 6.14 to 6.18 and the Table 6.4 show that: 

i) negative correlation between the variables for all three fabric 

samples were found 

Pe WO Pa D2 PS D9%D and L 
OD 

were inversely proportional to TY for 

all three fabric samples 

iii) the value of m for the RLB fabric samples was the highest in 

the set of three values for p 
OD' 

PD1 PDS %D and L 
&D 

in relation to Ty 

This suggests that the changes in Ty were more critical on the dimen- 

sions of the fabric cell parameters when weaving with roller let-off motion 

than with the Hattersley let-off motion. 

iv) the L 
eD 

and P&D values for all three samples were found to be 

more scattered. 

v) for a given value of TY the changes in L 
&D 

and Pe D were found 

to be higher than the L 
eD 

and P&D (T. 6.4). 

This suggests that the warp modular length is more affected by the 

stress condition in the yarn than is the weft modular length. 

Consequently the weft thread spacing is more affected by the changes 

in the active force than is the warp spacing, since p. = f(% ) and the effect 

of changes in La -is more on p. than on p.. rurthermore, the change in warp 

modular length with changes in T., was found to be greater with the WIRA/ 
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Poole roller let-off motion than with the Hattersley let-off motion. 

A stricter control of warp tension would therefore seem to be 

necessary with the former motion when optimal uniformity of fabric 

dimensions is required. 

To compare the uniformity in the values of P&DI Po)Ds PsD9 %D and 

%D obtained from HLA, HLB and RLB fabric samples, mean values of PaD* P'DI 

P, D5 
%D and L 

&D 
were taken from each set of three levels of Tya, within 

each level of. T 
ya , 

for all three fabric samples. The grand average values 

Of PeDs PaD9 PsD" %D and L 
aD 

and their statistical measures were 

calculated and are given in Appendices D5 and D6. These results are then 

used to compare HLA and HLB, and HLB and RLB with respect to the 

variations in the PeD9 P. D' Ps D, 
L. 

0 and L 
&D 

values. 

The comparison between HLA, HLB and RLB, with respect to their 

variances (F-test, Tables 6.5 and 6.6 respectively) for the grand average 

values of Pe D9P. D 3' P, D and L 
9D 

and L 
&D 

at different levels of T., show 

that: 

- there was a significant difference between HLA and HLB and also 

between HLB and'RLB sarhples for the p., and. L 
eD 

values being considered, 

- there was a significant difference in the L 
aD 

values between HLB 

and RLB at three 1. evels-of tension. 

The actual variations in the grand average values and Of PeD* P&D 

PSD and L 
eD 

a nd L 
aD 

(Tables 6.7 and 6.8 respectively) at different levels 

of T 
Ya - 

for HLA, -HLB and RLB fabric samples show that the variation, as 

measured by'the c. v . A, in: * 

- the Pe D values at three levels of Ty. were highest for RLB fabric 

(T. 6.7) in the set of three samples 

- the p. values at thý, ee levels of T were lowest for HLB fabric 
DI ya 

(T. 6.7) in the set of three samples 

- the PsD values at three levels of T were highest for RLB fabric 
YA 

samples (T. 6. ' 7) in'the- set of three samples 
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Table 6.6 

The results of the comparison between HLA, HLB and RLB fabrics with 

respect to the variances in LD (10-4 inch) values 

Variance ratio (F-test) 

D values LD values 
Compared 

samples degrees degrees 
of F-value Signifi- of F-value 

Signifi- 
freedom (ratios freedom (ratios 

vjL=nl-l of cance 
, VI=nI-1 of cance 

riance) va 
test 

variance) 
test 

V2 =n, -1 
- 

V2 =n 2-1 

T a2 HLA _: T 
aI 

HLB 29,29 1.37 n. s. 29,29 3.99 ff 
Y y 

T 
2 

JHLA 
:T 

a2 

JHLB 29,29 3.32 29,29 1.12 n. s. ya Y 

T 
3 

JHLA: T 
a3 

JHLB 2 9,29 3.62 29,29 1.35 n. s. 
ya y 

T JHLA: T JHLB 29,29 3.41 29,29 7.34 
ya4 ya 4_ 

T 
1 

JHLB: T 
aI 

IRLB 29,29 15.41 29,29 2.73 
y ya 

T 
2 

JHLB: T 
a2 

IRLB 29,29 1'. 21 n. s. 29,29 3.45 
Y Ya 

T 
3I 

HLB T 
a3 

IRLB 29,29 3.14 29,29 4.86 
ya y 

T 
ya4 

JHLB 
:T 

ya4 
IRLB 29,29 * 3.13 291,29 1.13 n. s. 
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Table 6.8 

The results of the variations in the grand average values 

of L '(10-4 inch) from the different fabric samples 
D 

woven at different levels of heald level warp tension, 

LaD 
values L., values 

Sample 
Standard Standard 

Reference deviation Range 
deviation 

Range 
R C. V. % R C. VA 

a 
(10-4 inch) 

-4 (10 inch) 
Cr 

(10-4 inch) 
-4 (10 inch) 

JIILA IM T '-0.566 2.26 0.269 0.350 1.2 1 0.195 
ya I . 

I 

T JIMAIM 0.601 1.83 0.289 0.501 1.51 0.280 
ya2 ., 

T JIMA IM 0. '595 2.15 0.28 6 0.419 1.51 0.234 
ya3 . 

T IHLAIM 443 0. 1.41 0.213 0.480 1.81 0.268 
ya4 , 1 - ... 

JHLB IM T 1.129 2.15 0.554 0.299 1. 35 0.167 
ya , ' . 

JHLB IM T 0.568 2.11 0.287 0.913 2.99 0.508 
ya2 

111LBIM T 0 . 692 2.75 0.352 0.798 2.72 0.444 
y&3 

T 
Ya4 

IHLBIM 1.200 3.55 0.615 0.888 3.53 0.495 

IRLBIM T 11.867 6.08 0.974 1.175 5.03 0.651 
ya, 

T RLB 11.1 1.054 3.88 0.559 0.832 2.85 0.462 
2. 

T RLB IM 1.516 5.25 0.836 0.450 1.91 0.250 
Ya3 

JýLD IM T 1.277 4.05 0.729 0.502 2.04 0.280 
Ya4 . 

f 

a 



459. 

- the L values at each level of tension were highest for RLB 
aD 

fabric (T. 6.8), in the set, of three samples 

- the L values at three levels of T were lowest for HLA (T. 6.8) 
eD ya 

fabi; ics. 

6.2.2 Summary 

For all three, fabric, samples, IILA, HLB and RLB, the measured values 

and L, decreased as T increased. The values of L and of Ps 
D 3' Pe 

D &D ya OD 
Pak 

D 

decreased as T 
ya 

increased for RLB samples whereas for HLB and HLA samples, ', 

the trend is not definite. This demonstrates the crucial dependence of 

the fabric parameters on the changes in T 
ya 

with the WIRA/Poole roller 

let-off motion. 

The result of regression on the fabric parameters and T, further 
y 

indicates that, the change in T is more critical on the fabric parameters 
IIIy 

with the WIRA/Poole roller let-off motion than with the Hattersley let-off 

motion. This is because the elastic constant of yarn (C ) for.. the former is 
-.. I-I. Y 

higherIthan the latter and3eads to higher weaving resistance'during 

weaving i. e. higher stress condition in the yarn. 

The variation, as measured by the coefficient of variation (c. v., %) 

in the fabric parameters, P D9 p and L 
aD, 

was found to be highest in the 

fabric woven with the WIRA/Poole roller let-off motion. This means that 

the control'of yarn feed i. e., control of average warp modular length, by 

the Hattersley let-off motion seems to be better than the WIRA/Poole 

roller let-off motion. , 
The analysis of the wet-relaxation (W. R. ) and tumble 

relaxation (T. R. ) samples would reveal more about these two let-off 

motions, on the question of uniformity in the fabric parametprs. This is 

discussed in the next section. The results of the D. R. state samples 

Indicate that the swinging back-rail used, in conjunction with the 

Hattersley let-off motion seems to actjn, sympathý with the warp tension 

at the moment of, beat-up. 
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6.3 Effect of fabric relaxation on the fabric parameters, with respect 

to (i) HLA, (ii) HLB and (iii) RLB. Comparison of M and (ii) 

and (iii) 

In this section, the measured values of fabric parameters, P., P., 

L. and L., obtained after (i) weaving (D. R. ), (ii) wet-relaxation (W. R. ), 

and (iii) tumble relaxation (T. R. ) are analysed and discussed to find out 

the effect of relaxation treatment on the values of the above parameters. 

This is done separately for each of the three fabrics used, HLA, HLB and 

RLB, in order that the effect of the beaming and let-off motion can be 

also found. The values of the fabric parameters obtained from the middle 

section of the cloth width are only analysed in this section. 

6.3.1 ppL and L. 

The measured values of thread spacings, p and p, and the modular 

lengths, % and L. , 
(T. 4-13 and 4.16), obtained from three fabrics HLA, HLB 

and RLB, woven at increasing levels of T 
ya 

and Ty0 at different fabric 

relaxation states, D. R., W. R. and T. R. are shown in Fig. 6.19 [OILA), (HLB) 

and (RLB)] and 6.20 [(. HLA), (HLB) and (RLB)] respectively for p. and p. 

values*and in Fig. 6.21 [(HLA), (HLB) and (RLB)]*and 6.22 [(HLA), (HLB) 

and (RLB)] respectively for L. and Le values. In Fig. 6.23 [(HLA), (HLB) 

and (RLB)I, the area of the unit fabric cell, P., i. e. p. x p., at 

different fabric relaxation states is plotted against T 
ya 

for all three 

fabrics HLA, HLB and RLB. 

The only line shown, in each of the figures 6.19 to 6.23, has been 

put through the points for weft tension level, T in order to indicate 
ye2 1 

the trends. 

Figures 6.19 to 6.23 show that for all three fabric samples, IILA, 

HLB and RLB, at each level of T 
ya , the values of p., pa, ps, La and L0 

decreased with, further relaxation. The trend of changes in p., p. and p. 
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values with Ty. for the W. R. and T. R. state fabrics follows the same as 

those for, the D. R. state (F. 6.19,6.20 and 6.23). It can also be seen 

from the figures 6.21 to 6.22 that, irrespective of relaxation processes, 

the values of La decreased with increasing level of T 
ya 

for both the HLB 

and RLB fabrics. There was no marked definite trend for the changes in 

L. with Tya for the HLA and HLB fabric. For 
I 

the RLB fabric, however, 

the values of L0 decreased as the T 
ya 

values increased from 1.37oz. to 

1.69oz. /thread. This suggested that the changes in modular lengths L" and 

L0 were more affected by the changes in tension when weaving with the WIRA/ 

Poole roller let-off motion than with the Hattersley let-off motion 

(S. 6.2. ). 

The figures 6.19 to 6.23 show that, for all three fabrics, at 

certain warp tension level, the pa and L. values increased as the tension 

increased, e. g. when the tension level increased from T to T 
yal ya2 

(F. 6.20 (HLA)) for HLA fabric, the PaT values increased. It might be 

that for these fabrics high crimp interchange took place, which was 

somehow different from the other samples. In other words, the proportions 

of reduction in p. 
-and 

L. values, for these fabrics, with increasing 

level of warp tension were higher than the proportions of changes in pa 

and Le values with the changes in tension level from the other sample. 

Discussion 

The analysis of the relaxed fabric parameters, P. , P. and Le 

clearly indicate once again that the structures of all three fabric 

samples, HLA, HLB and RLB, during weaving, were strained to different 

degrees and therefore were out of their stable configuration i. e. the 

cloths possessed a higher'internal energy. During subsequent relaxation 

processes,, the. stresses relaxed and the fabrics tended to the stnictures 

at the stage ofminimum, internal energy. This is because the tension and 

the pressure from, interlacing of threads exerted during weaving results in 
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a fabric in which there are considerable latent strains that were 

released when the fabrics were relaxed. This latent strain, due to 

the tension and pressure, however, increased with increasing level of 

tension imposed during weaving of the fabric. samples. Furthermore, the 

fabric shrinkage is not only attributed to the release of strain imparted 

to the fabric but also depends on the swelling of the fibres and yarns 

during wetting and drying. The magnitude of the swelling shrinkage 

dependson the construction of yarn and cloth, e. g. yarn twist and the 

cover factor. The cover factor, however, changed with increased level 

of tension. and consequently increased the swelling shrinkage of the 

resulting fabric. '- 

6.3.1.2 Comparison of HLA, HLB and RLB; with respect to p., pa, % and L. 

values at different relaxation states 

For all t hree fabric samples, HLA, HLB and RLB, the Values of PIS 

ppL. a nd L were plotted against TY in Figs. 6.24 6.25- 6.26, 

6.27 and 6.28 respectively for the W. R. state fabric and in Figs. 6.29 

6.30 '6.31,6.32 and-6.33 respectively for the T. R. state samples. For 

each pair of variables and for each fabric sample, the regression equations 

were computed and the computed lines are drawn in the respective figures. 

The values of m,, c and r for the D. R., W. R. and T. R. state samples for 

I the three'' fabrics are giv, en'lin Table 6.4.. 

It can be seen from the figures 6.24 to 6.33 and Table 6.4 that: 

irrespe 
. 
ctive of the relaxation proces 

. 
ses, the values of PIS PIS 

pss La and Le were inversely proportional to T for all three 
Y. 

fabrics.. 

there was statistically significant correlation between Pý 
3. 

P" 

. p. 'and L with T for all three fabric samples, at each state aY 

of fabric relaxation and for all three fabric samples. Only for 
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I 

RLB fabric samples, there was significant correlation between 

L and T at each state of fabric relaxation. 
e 'Y 

(iii) irrespective of relaxation processes, the values of Im' for 

the RLB fabric were highest in the set of three values in 

the relationship of pe, P, , P, and Le with Ty 

(iv) the values of Im' for the P. and La and Ty relationship for 

all three fýbric samples were found to be higher than that for 

%, Pa with TY relationship at every fabric relaxation state. 

This suggests that warp modular length and weft thread spacing are 

more affected by the stress condition of the yarn than the weft modular 

length and warp thread spacing. This is, however, more pronounced for the 

RLB fabric than for, the HLA and HLB fabric. Therefore, the control of yarn 

tension during weaving with roller let off motion seems to be necessary if 

any better control of modular length is desired in order to achieve better 

control over thread spacing. The previous works 
22 ' 

49 ' 121 SID4 
carried out 

showed that irrespective of the relaxation process, the thread spacing is 

proportional to-the modular length i. e. p K1% or p. = K2% , where K 

and K2 are constants of proportionality. 
. 

It was found that for the RLB fabrics, thread spacings are more 

affected by the changes in yarn'tension than those for the HLA and HLB 

samples, thus it can be expected there will be more shrinkage in a fabric 

woven with-, the, WIRA/Poole roller leto-off motion than from the 

Hattersley let-off motion. This is because the fabric woven with the 

former let-off will have higher internal energy and consequently will 

release more latent strain during relaxation. 

To c. oMpare the uniformity in the values of p, p, , p, ,% and L. , 

obtained, from. HLA, HLB. and RLB fabric at different relaxation states, 
I 

mean, valuespf, pe., p&, ps, % and L. were taken from each set of three 

levels of Ty. -,,, within each level of T 
ya. 

The grand average values and 

their statistical measures were calculated and are given in Appendices D7 
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These results are used to compare HLA, HLB and RLB with respect to the 

variations in the p. pa , ps and L. values at different relaxation 

states. 

The. actual variations in the grand average values of p., pa, pS 

L and L, at different levels of T' for HLA, IILB and RLB fabric, are 
y 

given in Tables 6.9 and 6.1'0 respectively, in the W. R. 

state and Tables 6.11 and 6.12 respectively in the T. R. 

state. 

It can be seen from Tables 6.9 to 6.12, with reference to the 

variation's as "measured by the c. v. % that: 

P. W$Jlwlý P4) T and, P,; T values at three levels of TY were 

higliest for RLB fabric 

(ii), p" and values, for HLB and RLB samples, were higher than 
OW 

Pe T 

thpsefor p. 
w 

and values, P& T 

(iii) %; and L values at each level of T were highest for RLB 
W . &T Ya 

irý the', full set of three samples. 

It'is interesting'to note here that in the D. R. -state, -the variation 

in p and L values was also found tO*be highest for the RLB fabric (T. 6.7 
,a 

and 6.8)., This suggests that the variation in-the p. and L. values 

introduced during weaviýg with the roller let-off motion still remained 

in the relaxed. fabric. 'It is known that the'variation in L 'values are 

associated with the variation in p. values. -Again, the variation in p 

values may arise from, the ineffective functioning of,. thd let-off and take- 

up Motion. -In the present work, the Hattersley loom'fitted with the 

positive take-up, motion was used for the weaving of the three fabric 

samples. ; Therefore,., the high variations in the P values for, the RLB 

fabric prý6bably. is`asso'ciated with the ineffectiveness of the'WIRA/Poole 

roller let-off motion itself. 

The comparison between HLB and'RLB fabrics with respect to their 

variances (F-test, Tables 6.13 and 6.114) for the grand average values of 
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Table 6.10 

The results of the variations in the grand average values 

of L 
OW 

(10 -4 inch) from. the different fabric samples 

woven at different levels of heald level warp tension 

ýL values L values 
ow ow 

Sample 
Standar d Standard 

Reference deviation Range 
deviation 

Rdnge 
R C. V. % R C. V. O-, 

(10-4 

Cr 

inch) 
(10-4 inch) (10-4 

a 

inch) 
(10-4 inch) 

T JIMA IM 0.65 2.18 0.31 0.64 2.27 0.36 
Y&I 

T IHLAIM 0.64 2.46 0.31 0.54 1.81 0.31 
ya2 

T IHLAIM 
0.67 2.34 0.33. 0.55 1.82 0.31 

ya3 

T IHLAIM 0.75 2.79 0.36 0.45 1.51 0.25 
ya4 

T IHLBIM 1.14 3.47 0.56 0.49 1.63 0.27 
yaI 

T IHLBIM 1.00 3.26 0.51 1.16 4.89 0.65 
Y&2 

T 
a3 

IHLBIM 0.63 2.49 0.32 1.33 5.58 0.74 
y 

T IHLBIM 0.97' 4.42 0.50 0.88 3.81 0.49 
y&4 

T RLB M 1.66 5.10 0.88 1.24 4.08 0.69 

TI RLB 114 1.00 3.70 0.53 1.36 4.09 0.76 
ya2. 

T IRLBIM 1.42 3.. 92 0.79 0.78 3.13 0.4 ya3 

T IRLBIM 1.41 5.14 0.81 0.87 3.13 0.49 1_ya4 . I. 
I I I 

a 
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Table 6.12 

Th e results of the variations in the grand average values 

of L (10-4 inch) from the'different fabric samples 
T 

,, 
woven at different levels of heald level warp tension 

L values L values T T 

Sample 

Reference 
Standard, Range Standard Range 
deviation R C. V deviation R C. V. 

Cr 

-4 (10 inch) 
-4 0" inch) 

Cr 

(10-4 inch) 
-4 (10 inch) 

T IHLAIM 1.19'ý 4.11 0.59 ; 0.43 1.51 0.24 
ya I 

T IHLAIM 0.96ý 3.02 0.49 : 0. '63 2.72 0.36 
ya2 

JHLA IM T 0.67'j 3.08 0.34 0.34 1.20 0.19 
ya3 i 

JHLA IM T - 0.44 '0.72 3.02 0.41 
ya 4 

T JHLB IM 
4 

0.82, '- '-2; 64 0.40 0.73 2.44 0.41 
yaI 

TI HLB IM 0.68, 2.24 0.33 1.30 4.90 0.73 
__Ya 

2 

I HLB IM T 0.57! -ý'I 1.88 0.28 2.07 8.43 1.16 
ya3 

T HLB IM 
ya4 

0.84, 3.09 0.41 1.20, 5.85 0.67 

T RLB IM 
- 

1.3W 4.64 
. 
0.71 1.38 4.76 0.77 

2 Ya 

T' IRLB IM i. 
35ý 4. '90 0.73 1.46 4.62 0.82 

ya2 

T RLB IM 1.6L, 0 8- 0.90 1.07 3.81 0.60 
y&3 . 

T IRLB IM 
ya4 

5.15" 0.91 1.03 3.53 0.58 

f 
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Pei and La in W. R. and T. R. states, showed that: 

(i) there was no significant difference between the HLB and RLB 

fabric for the p. w and P&T being considered; except at higher 

tension values (Tya4 ) and for tumble relaxed samples. There 

was significant difference between the two fabrics, i. e. when 

the fabrics attained their minimum internal energy. 

(ii) there was, in some cases, high significant difference between 

HLB and RLB fabric for the P. and La values being considered. 

This confirms the statement that the uniformity in weft thread 

spacing or the, uniformity in the picks per inch along the length of the 

fabric is more affected by the variation in the modular lengths than is 

that for-the warp thread spacing or the width of the cloth. 

It should be noted that in sections 6.1 to 6.3, the samples from 

the middle section of the cloth width are only analysed and discussed. 

In the following section there will be analysis and discussion on the 

samples from the left hand and right hand of the cloth width. 

Additionally a comparison between the three characteristic sections of the 

cloth width will be attempted to find out whether there is any difference 

between the HLA, HLB and RLB fabrics with respect to the three sections. 

Comparing the variation in L with the variation in T aT y 

(T. 6.15, A) for the IILB and RLB samples, it appears that there was no 

con I sistency in theyariation in L 
aT 

and Ty. HLB samples have higher 

variation in T, for Ta2 IM, Ta3 IM and T 
a4 

IM samples, than those for 
yyyy 

RLB fabrics, wherea s the variation in La for the RLB fabrics was found to 

be always higherIthan that for HLB fabrics. This suggests that the back 

rail system of Hattersley let-off motion for the delivery of warp yarn 

seems to be more effective and sensitive than the positive feed system 

of the WIRA/Poole roller let-off motion, in respect to the amount of warp 

-, - 
yarn needed atIthe instant-of beat-up at the fell. This is because, the 

- former, let-off, motion seems to have taken into consideration the fundamental 

* See-page_236-for the meaning of the symbols. 
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Table 6.15 

Average values of Ty (oz/thread) across the reeded width (i. e. L. H. S., 

M. S. and R. H. S. ), for HLB and RLB fabrics 

, Fabric sample 
Heald 
level 

. 

Warp tension at the moment of beat-up 
(T 

y 
(ozs/thread) 

reference warp tension Left Middle Right T (oz/thread) 
ya Hand Section Section Hand Section 

.T 
'I IT 

2 
IHLB 1.16 1.67 1.80 1.64 

y8 y 
T IT IHLB 

: 
- 1.66 1.81 1.59 

1 yy e4 

T IT ' IHLB 1.71 '1.84 1.60 
ya I Ye6 

T 
2 

IHLB 
2 

IT 1.32 1.87 1.97 1.74 
ya ye 

T IT IHLB 1.86 1.96 1.74 
y&2 ye4 

T IT 
, 

JHLB' 
2 6 1.80 1.93 1.74 

ya Ye 

T IT IHLB 
2 a3 

1.53 2.03 2.31 1.93 
ye y 

T- IT IHLB 
3 4 1.95 2.20 1.90 

ya ye 
IT T IHLB 1.98 2.23 1.93 

ya3 Y06 

T IHLB IT 1.64 2.28 2.47 2.08 
e2 ya4 

IHLB T IT 
' - 2.25 2.44 2.06 

. ya4 Y04 

ýT 4 
IT 

, ', 
JHLB 

. 
2.19 2.41 2.03 

Y ya 

T IT IRLB 
l 2 1.21 1.77 1.99 1.74 

ya ye 
I RLB T IT 1.92 1.73 

' , Ye4 yaI 
RLB T IT 1.74 1.93 1.63 

ya I ye6 I 

T IT ' IRLB 
2 2 

1.37 1.98 2.18 1.85 
'Ya ye 

IT IR LB T 1.99 2.16 1.89 
Ye4 Y&2 

I 
T IT ' IRLB 1.97 2.11 1.87 

Ya2 ye6 , 

T IRLB IT - 1.58 2.18 2.32 2.08 
ye 2 y&3 ý IRLB' T ' IT 11 2.16 1 

2.26 2.03 
ye4 ya3 

T' IT ' IRLB 11 2.11 2.29 1.99 
ya3 y6 

T IT ''IRLB- 
2 4 

1.69, 2.31 2.49, 
- 2.28 

ye ya 
T IRLB ' IT 

. 
2.32 2.48 2.20 

Ye4 y&4 

,T 
IT. ' IRLB 2.65 2.6 0 2.48 

Ya4 Y06 
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principle that the amount of yarn that goes into the fabric for any 

individual pick depends on the stress and geometrical conditions at the 

fell at the moment of beat-up. 

The percentage changes in the grand average values of the fabric 

parameters (p., p&, % and L. ) for maximum to minimum tension (TY), in 

the different fabric relaxation states for the HLA, HLB and RLB fabrics, 

(T. 6.16) show that: 

- for all the three fabrics, the decreases in the p. values, 

at each relaxation state, were higher than those of the pa 

values. The lengthwise shrinkages were found to be greater 

than widthways for all three fabrics under consideration. 

- the % changes in the fabric parameters for maximum to 

minimum warp tension (T ) for RLB fabric were higher than 
-y 

HLB and HLA. As mentioned in section 6.2.2 the tension 

changes seem to be more critical with the roller let-off 

motion. This may be due to a difference in yarn stretching 

during weaving between the WIRA/Poole roller and the Hattersley 

let-off motions and this is due to. differences in c values. 
y 

The reasons why the shrinkages, particularly in La and p., for RLB 

samples were higher than HLB fabrics are as follows: 

The free length of yarn in the loom i. e. the length of yarn from 

the point of let-off of the warp at the beam and the cloth fell, for 

the roller let-off, were smaller than for the Hattersley let-off motion. 

Therefore, the shed geometry at the back of the heald shafts in the loom 

for the two types of let-off motions are obviously distinctly different, 

causing a different amount of yarn stretching (i. e. yarn elongation) 

during weaving with the two let-off motions since the shed geometry at the 

front of the heald shafts for the two let-off systems were the same. 

Consequently, the reversible elongation of yarn, arising from the 
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Table 6.16 

Percentage change in the fabric parameters for maximum to minimum warp 

tension (T 
y) 

in different relaxation state for the HLA, HLB and RLB fabric. 

Fabric 

Sample 

% change in Ty 

from Maximum 

Fabric 

Relaxation 
% change in fabric parameters 

to Minimum States 
% 

I 

LI p" 

D. R. -1.21 -0.18 -0.77 -1.44 

HLA 30.62% W. R. -1.1 -0.20 -0.91 -1.69 

T. -1.01 -0.08 -0.51 -1.81 

D. R. -4.29 -0.02 -0.23 -4.50 

HLB 37.22 W. R. -4.29 -0.30 -0.63 -4.21 

T. R. -4.38 -0.23 -0.30 -4.14 

D. R. -8.67 -0.44 -0.87 -9.16 

RLB 35.42% W. R. -8.55 -0.42 -1.14 -9.18 

T. R. -8.51 -0.44 -1.29 -8.71 
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difference in the shed geometry that remained in the threads, was 

more with RLB fabrics than for the IILB fabrics. 

It follows that for a given length of fabric, an extra length of 

warp seems to be necessary with the roller let-off to allow for this 

extra contraction during finishing. 

6.3.2 Summary 

The effect of the different relaxation processes, used to give 

the D. R., W. R. and T. R. states, on the different fabric structural 

parameters, p., p. 9 % and L., were investigated for the three fabric 

samples, HLA, HLB and RLB. The important points which arose were: 

- The relaxation of the samples decreased the values of the 

fabric structural parameters. 

- Irrespective of relaxation processes, the gradients of the 

line (m) relating to each of the fabric parameters with Ty 

were highest for the fabrics woven with the WIRA/Poole roller 

let-off motion. This demonstrates the crucial dependence of 

the fabric parameters on the changes in the TY with the 

WIRA/Poole roller let-off motion. 

The variation, as measured by the c. v. %, in the values of the 

fabric parameters introduced during weaving remained still in 

the relaxed fabric. This variation in the fabric parameters 

was found to be highest for the fabric samples woven with the 

WIRA/Poole roller let-off motion. 

The shrinkage in warp direction, as would be expected, was 

found to be greater than that for weft direction, for all 

three fabric samples. 

Irrespective of the relaxation processes, the percentage 

changes in fabric parameters for maximum to minimum warp 



(T ) for the fabric samples woven with the WIRA/Poole 
"y 

roller let-off motion were higher than for fabric samples 

woven with Hattersley let-off motion. 
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6.4 Effect of changes in yarn tensions on the different relaxed state 

fabric parameters; with respect to the left hand, middle and right 

hand sections of the fabric width from the M HLA, (ii) HLB and 

(iii) RLB fabrics 

In the previous sections - 6.1 to 6.3 - the effectsof yarn tension 

changes on the fabric parameters, pe ,Pa, L. and La, from the middle 

section (M. S. ) of the complete width of HLA, HLB and RLB fabrics were 

analysed and discussed. 

In this section there will be analysis and discussion of the 

measured values of each of the above fabric parameters from the left and 

right hand sections of the complete cloth width (L. H. S. and R. H. S. ) to 

find out the effect of changes in warp yarn tension on each of the above 

fabric parameters. Therefore, a comparison of the values of fabric 

parameters from the three distinct most characteristic sections across 

the cloth (L. H. S., M. S. and R. H. S. ) can also be made possible. 

This is again done separately for each of the three fabric samples, 

HLA, HLB and RLB, in order that the effect of the beaming and'let-off 

motions can also be found. 

The effeclsof warp yarn tension changes on the different fabric 

parameters, -p., p., % and L., have been studied when the fabric samples 

were brought to the defined D. R., W. R. and T. R. states. The values of 

thread spacings, PL and 'PaL2 measured in the loom, near the fell, were 

also included in. this analysis. 

6.4.1 P, and P. 

The measured values of thread spacings, p. and pa, obtained from 

three fabric samples, 'HLA, HLB and RLB, woven at increasing levels of 

Tya and Ty. (T. 4'. 6 and T. 4.7), in the left hand, middle and right hand 

section are, shown in Fig. 6.34 and 6.35 [. (HLA), (IILB) and (RLB), ] respec- 
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tively for PL and PaL and in Fig. 6.36 and 6.37 [(IiLA), (IILB) and (RLB)l 

respectively for pa. and Pa D. 
The only line shown in each of the Figs. 

6.34 to 6.37 has been put through the points for wefttension T to 
ye2 

indicate the trends. Figures 6.34 to 6.35 show that: 

for all three fabric samples and at each level of yarn tensions, 

T 
Ya 

and TYe the val 
I 
ues Of Pe L and P. L are not uniform across the cloth 

width 

- the P, values from the'middl6"iection are generally lower than 
,, L 

thosefrom the L. H. S. and R. H. S. for alt three fabric samples 

the PL values froMLthe L. H. S. are generally higher than those from 

the M. S. and R. H. S. 

the PL and PaLs from the three sections, L. H. S., M. S. and R. H. S., 

for all three fabrics, decreased as the yarn tension. increased. 

The differences observed between the thread spacings values in the loom 

state at-three distinct characteristic sections across the cloth width 

(L. H. S. -, 'M. S. and R. H. S. ) may have been due to the following factors: - 

there is a difference in unwinding tension for the two directions 

of the shuttle flight. This occurs as a result of the asymmetric 

positionlof the shuttle eye, the different speed for the two directions* 

of the shuttle-flight and the initial pull on the different length of 

201 
the weft yarn This difference in'the unwinding tension may create 

quite different conditions for the formatiorf'of the'clOth at the fell 

across the full width.. 

- there is a difference in the magnitude ofýthe warp tension at 

beat-up across the full width when ordinary roller temples are used. 

The yarn tension was found to be highest in the middle section while 

weaving the three fabric samples (T. 6.15). This dissimilar, yarn 

tension caused: dissimilar resistance to beat-up of the pick at three 

distinct sections across the reeded width. 
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- there may be a difference in the take-up of the cloth along the 

cloth width. 

The results of the D. R. state values of the thread spacings 

(PeD and PD)' for the three fabrics, HLA, HLB and RLB from the L. H. S., 

M. S. and R. H. S. (Fig. 6.36 and 6.37) show that: 

- the values of PaD and PeD at intervals across the width of the 

cloth is not equal; the thread spacings value from the middle sections 

are generally different from those from the L. H. S. and R. H. S. for all 

three fabrics. Figs. 6.36 and 6.37 also show that there was gradual 

decrease of P,, ' D and paD values as the levels of warp tension increased, 

for all three fabric samples. This trend of the effect of yarn tension 

changes on the pa. and PaD values from L. H. S. and R. H. S. is basically 

the same as that from the middle sections (S. 6.2). 

To compare the uniformity in the values of thread spacings across 

the full width, from the three fabric samples, HLA, HLB and RLB, mean 

values of P. and P. were taken, from each set of three levels of Ty 
.' 

within each level of Ty., for the L. H. S. and R. H. S. The grand average 

values of P. and p. and their statistical m9asures were calculated and 

are given in Appendices D9 and D10 respectively for I. L. S. and D. R. 

state values. These results together with the results from the M. S. 

(Appendices are then used to compare L. H. S., M. S. and R. H. S. 

with respect to the variation in the pe and pa values. 

The actual variation in the grand average values of Pe L9 P& L9 Pe D 

and paD at different levels of Ty. from L. H. S., M. S. -and R. H. S. for the 

three fabric samples, HLA, HLB and RLB are given in Tables 6.17,6.18, 

6.19 and 6.20 respectively. 

It can be seen from Tables 6.17 to 6.20 that the variation in the 

P, Lý PLO, PD and, PD values, for all three fabrics, at each level of 

T 
ya , are not uniform across the width of the cloth. The variation, as 

measured by the, c. v. %, in the: ' 
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- PL values from L. H. S. and R. H. S. were generally higher 
. 
than 

those from the M. S., for all three fabric samples 

values from the RLB fabrics were generally higher than those 

from the HLA and HLB fabric for all the three distinct sections 

P*D values from the L. H. S. and R. H. S. for the HLB fabrics were 

higher'than those for the HLA fabrics. The difference between 

HLA, HLB and RLB is discussed in detail below where the F-ratio 

test will be considered. 

In order to compare the spreads or the variability of the thread 

spacings values, p and p in the L. H. S. and R. H. S. from HLA and HLB 
8a 

and IILB and RLB fabrics, the variance ratios (F-tests) were calculated 

and are given in Table 6.21 and 6.22 for the PL and PL values, and in 

Ta 
I 
ble'6.23 and 6.24 for Pe D and Pa D values. 

-The tables 6.21 to 6.24 show that: 

there was no marked signifiýant difference between HLA and HLB 

fabric for, the PL values being considered for the L. H. S. 
-and 

R. H. S. 

This result is similar to that for M. S. 

there was'a significant difference between HLA and HLB fabric-for 

the PL values at high level of tension (T. 
ad 

only for both L. H. S. " 
Y 

and, R. H. S. whereas for the M. S. there was no difference observed 

there. was no significant difference between HLB and RLB fabrics 

for the ývalues being considered for L. H. S. and R. H. S. section. Pa L 

This is a similar observation to that for the M. S, i 

-similar. to M. S., there was a significant difference'in values Pe L 

between HLB. and RLB for the first three levels of: T for the L. H. S. 
Yo 

and R. H. S. ' This suggests that there was little to choose between 

the Hattersley-and WIRA/Poole roller let-off motion when the 

variation in the loom-state warp thread spacing values was being 
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fr-1-1 :) ni 

The results of the comparison between HLA, HLB and RLB fabrics with 

-4 
respect-to the variances in the p0L (10 inch) values for L. H. S. and R. H. S. 

Variance. Ratio (F-Test) 

L. H. S. Fabric R. H. S. Fabric 

Compared 
degrees 

F-value 
degrees 

F-value 
sahiples of (ratios Signi- of (ratios Signi- 

freedom 
of 

ficance freedom 
of 

ficance 

v2 =n 
1_1 variance) 

test vI =n 
2_1 variance) 

test 

V2 =n 
2-1 

V2 =n 
2-1 

T JHLA : 
yak 45ý 43 1.07 n. s. 42,44 1.99 

T 
al 

JIILB 
y 

T 
y&2 

JHLA 
: 45,45 1.99 45,45 1.38 n. s. 

T JHLB 
Y&2 

T 
Ya3 

JHLA 
43,45 1.34 n. s. . 

44,45 1.23 n. s. 
T 

&3 
JHLB 

y 

T JHLA 
YA4 44,43 2.50 44,47 2.37 

T 
a4 

I IILB 
y 

T JHLB 
yal 

T IRLB 44,. 45 2 . 13 44,42 2.24 
ya2 

T '2 JHLB 
Y : 45,45 3.18 q431 45 3.9p 

T IRLB 
Y 2 

T JHLB 

ya3 44s 45 2.79 449 46 1.75 
.T 

IRLB 
Y&3 

T I HLB 
y&4 

T 
&4 

IRLB 
46,45 1.33 n. s. 44, '45 1.40 n. s. 

y 
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Table'6.22 

The results of the comparison betwcen HLA, 'HLB and RLB fabrics with 

aL 
respect to the variances 1'n the p. (10-4 inch) values for L. H. S. and R. H. S. 

Variance. Ratio (F-Test) 

L. H. S. Fabric R. H. S. Fabric 

Compared 

samples 
degrees 

of 
F-value Signi- 

degrees 

of 
F-value 

Signi- 

freedom 
(ratios 

ficance freedom 
(ratios 

f 
ficance 

*2 =n 
1_1 

of 
variance) 

test vI =n 
2_1 

o 
variance) 

test 

*2 =n 
2 -1 v2 =n 

2-1 

T JHLA : 
yal 455 45 1.66 n. s. 42,43 1.86 

JHLB T 
yal 

JIILA 
: T 

ya2 48,45 1.42 n. s. 42,45 1.54 n. s. 
I HLB T 

ya2 

T JHLA 
Ya3 46,46 1.44 ns. 45,49 1.33 n. s. 

JHLB T 
Ya3 

T JHLA 
: 

ya4 48$ 55 2.12 45,44 1.89 
JHLB T 

a4 y 

T 
yal 

JHLB 
: 45,45 1.14 n. s. 43,46 1.12 n. s. 

T IRLB 

yal 

T JHLB 
: 

ya2- 
T IRLB 

45,48 1.18 n. s. 
. 

46,47 1.33 n. s. 

ya2 

T JHLB 
: 

. Ya3 

.T 
IRLB' 

46,45 1.06 n. s. 49,45 1.11 n. s. 

Ya3 

T JJILB 
: 

Ya4 
T I RLB 

48,46 1.37 n. s. 44,47 1.33 n. s. 

Ya4 
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Table 6.23 

The results of the cm. pariscn between HLA, HLB and RLB fab. rics with 

-4 
respect to the variances in the PoD (10 inch) values for L. H. S. and R. H. S. 

Variance Ratio (F-Test) 

L. H. S. Fabric R. H. S. Fabric 

Compared 

samples 
degrees 

of 
F-value 

Signi- 
degrees 

of 
F-value 

Signi- 
freedom 

(ratios 

of 
ficance freedom 

(ratios 

of. 
ficance 

v =n _1 2,1 variance) 
test v =n _1 II variance) 

test 

v2 =n 
2-1 

V2 =r12 -1 

T JHLA : 

T 
yal 

JHLB 
29 29 2.34 29,29 1.25 n. s. 

yal 

T JHLA : 
. y&2 

T I IILB 
29,29 2.71 29,29 2.25 

Ya2 

T JHLA : 

T 
Ya3 

JHLB 
29,29 1.47- n. s. 29,29 1.76 n. s. 

Y83, 

T JHLA : 
, Y: 4 

T JHLB 
29,29 1.35 n. s. 29,29 1.19 n. s. 

y4 

T IHLB-.: 
yal 

T IRLB -29 " 
29 1.210 n. s. 29,29 2.638 

, yaI 

T JHLB 
y&2 

T IRLB 295 29 1.502 n. s. 29,29 2.240 
ya2 

T 1 IILB 
y&3. ý 

T RLB, 
295 29 7.381 29,29 2.610 

Ya3 

T IILB 
Ya4 

T IRLB 29,. 29 2.195 29,29 1.418 n. s. 
Ya4 
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Table 6.24 

The reciulto of tha comparison betwcen IILA, HLB and RLB fabrics with 

-respect to the varl 
. 
ances in the- Da D 

(10-4 inch) values for L. H. S. and R. H. S. 

Variance. Ratio (F-Test) 

L. H. S. Fabric R. H. S. Fabric 

C d, ompare . 

samples 
degrees 

F-value 
degrees 

F-value 
of (ratios Signi- of (ratios Signi 

freedom 
of 

ficance freedom 
of 

ficance 

vI =n 
1-1 variance) 

test v2 =n, -l variance) 
test 

V =n 2 
-1 v2 =n 

2-1 2 

T jHLA 
yI 

T ' I IILB 
29,29 6.07 29,29 1.77 n. s. 

v aI 

T JHLA 
ya2 295 29 3.93 29,29 1.16 n. s. 

T' JHLB 
ya2 

T JHLA 
Va3 

' 
29,29 1.70 n. s. 29$ 29 1.18 n. s. 

T IHLB 
Ya3 

I IILA' T 
Ya4 29,29 1.09 n. s. 29,29 1.09 n. s. 

T 
84 

I 
IILB' 

y 

T JHLB 
yal " 29, ' 29 1.792 n. s. 29,29 1.595 n. s. 

-T 
IRLB - 

ya 1 

T HLB 
Ya2- - 

T IRLB'' 29,29 1.381 n. s. 29,29 1.908 
ya2 

T I HLB 
y&3 

-T - IRLB 29S'29 1.059 n. s. 29,29 1.429 n. s. 
Ya3 

T I HLB 

, Ya4 29,29 1.966 29,29 1.315 n. s. T 
-, 

IRLB 

ya4 
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considered i. e. the two let-off systems operate with the same 

degree of reliability for controlling thread spacing. 

- there was no marked difference in P, D values between HLB and RLB 

fabrics for L. H. S. and R. H. S. This is a similar observation to 

that for I. L. S. values 

there was no marked difference in p., values for the HLA and HLB 

fabrics for L. H. S. and R. H. S. 

there was a significant difference in the PD values for the HLB 

and RLB for the L. H. S. and R. H. S. This is a similar observation 

to that for the I. L. S. samples. 
i 

In, order to compare the variability in the p., and P. D values 

within the sections, L. H. S., M. S. and R. H. S., and between the sections, 

at each level of T ýfor the three fabric samples, HLA, HLB and RLB, 
ya 

the variance ratios (F-ratios) were calculated and tested for 

significance. The- results are given in the Tables 6.25 and 6.26 

respectivelyý for the'PD and PD values. The tables of analysis of 

variance, (T. 6.25 and 6.26) show that: 

11 
there was a highly significant difference in the PaD values for the 

L. H. S. M. S. and R. H. S., at all levels of T 
Ya 

between the HLA and 

HLB fabrics. At three levels of T there was a significant'differ- 
Ya 

- ence between the p values for the three sections from RLB fabric 
aD 

samples. 

there was'a'highly significant difference in the p values, for 

HLA'_ fabrics'. 

there w as. no significant difference in the p D-values, 
'at each level 

of T from L. H. S., M. S. 'and R. H. S. for the RLB fabrics 
Ya 

thereýwas, only at-two levels of T 
Ya , 

significant difference in 

the PeD values from the three sections for HLB fabrics. 
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6.4.1.1 Discussion 

The comparison of the loom and the D. R. state values of thread 

spacings, p. and p., at each level of tension Ty, from the three 

chosen sections, L. H. S., M. S. and R. H. S., across the cloth width of the 

cloth for the three fabrics HLA, HLB and RLB clearly indicates that 

thread spacings are not equal. There were differences in the pa and p. 

values across the cloth width, i. e. thread spacing values were not 

uniform. The use of a uniform tensioned beam did not improve the 

uniformity in the thread spacing values across the width of the cloth 

(i. e. HLA fabric). The irregularity in the thread spacing value across 

the cloth width seems to be associated with the non-uniformity in the 

warp tension at the moment of beat-up, Ty, (T. 6.15)and the latter leads 

to an uneven distribution of the beat-up force along the reeded width of 

the fabric'. ý 
'. 'I 

The WIRA/Poole roller let-off motion seems to be better than the 

Hattersley, let-off motio n in respect to the uniformity in the weft 

thread spacing across the width of the cloth. However, the variations 

in the thread spacing values between the sections were found to be 

always higher than those. within each section for all three fabrics, 

HLA, HLB and RLB. 

6.4.2 L and, L 
aDeD 

-The measured values of modular lengths, 
D and L 

eD9 
obtained from 

three samples HLA, HLB and RLB, woven at increasing levels of T and T 
yay0 

(T. 4.6 and 4.7), in the left hand section. (L. H. S. ), middle section (M. S. ) 

and right hand'section (R. H. S. ) are shown in Figs. 6.38 and 6.39 [(HLA), 

(IILB), and (RLB)l respectively for L 
aD 

and L. 
D. 

The only lineshown in 

each of figs. 6.38 and 6.39, has been Put through the points for weft 

tension Ty., ýo indicate the trends. 
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Figures 6.38 and 6.39 show that the values of modular lengths 

obtained from the different fabric sections across the cloth width from 

all three fabric samples were not equal. There was also a decrease 

of modular length as the tension level increased for both the left hand 

side and right hand side sections. 

This suggested that the amount of yarn necessary for a unit area 

of fabric is not uniform across the complete width of the cloth i. e. 

there is a different crimp interchange across the width of the cloth 

as it advances. 

Mean values of L 
aD 

- and L 
eD 

were taken from each set of three levels 

of T within each level of T 
., 

the L. H. S. and R. H. S. Average values 
ye y 

of LaD and LD were calculated and are given in Appendices Dll and D12. 

These'results together with the results from M. S. (Appendix DO are then 

used to compare the L. H. S., M. S., and R. H. S. with respect to the variation 

in L, and L 
-values. AD AD 

The actual. variation in the grand average values of L and L at AD AD 

different levels of T 'from L. H. S., M. S. and R. H. S. for all three fabric 
Ya 

samples are given in Tables, 6.27 and 6.28 respectively for LD and LAW 

It can be seen from Tables 6.27 and 6.28 that the variation, as 

measured, by the c. v. %, for L and L values, for all three fabric 
aD eD 

samples is not uniform. The c. v. % in the L 
&D 

values at each level of 

T' for the RLB fabric were higher than those from the HLB fabric, at 
ya 

each section-across the cloth width. 

Further-analysis of variance for L 
&D 

and I. 
9D 

values from L. H. S., 

M. S. and'R. H. S. from*tbe three-fabrics at each level of'T (T. 6.29 and 
ya 

6.30), show that: 

-there was a significant difference in the L values between 
eD 

sections across the cloth width for all fabrics 

. ýthere was significant difference in the L values between sections 

across the cloth width for the RLB fabrics at three levels of T 
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i 

- there was no significant difference in the L 
aD 

values between the 

sections across the cloth width for HLA fabric, whereas for HLB 

fabric, there was a significant difference in the L values aD 

between sections across the cloth width. 

6.4.2.1 Discussion' 

The results of the thread spacing values (p. and p. ) in the loom 

and D. R. state and the modular length values (% and La) in the D. R. 

state, obtained from the three chosen sections (left hand, middle and 

right hand sections) across the cloth width showed that for all three 

fabric samples, the value of p., pa, % and L. are not uniform i. e. the 

values vary, across the cloth width. The use of a warp beam, warped under 

uniform, tension across the width did not improve the uniformity in the 

thread, sýacing values across the cloth width. Similarly, the use of 

WIRA/Poole let-off motion did not produce fabric with more uniform p 

L and L values across'the cloth width. 
0, a 

From the. measurements of warp yarn tension at the moment of beat-up 

(T across. the width of the loom during weaving of the HLB and RLB fabric 
y 

(T. 6.15) it was shown that the warp tensions T, were, however, not 
y 

uniform across the width of the loom. The warp yarn tension, T, at the 
Y 

middle. section, was found to be higher than those at the left and right 

hand sections. of the reeded width. Nevertheless, the mean closed shed 

warp tension, ýT , yas equal along the reeded width. 
. ya 

,, The, effect of. these-variations in T values across the reeded width 
y 

may result in an unequal relaxation of the fabric sample. It would be 

expected that eqýally,. strained fabric should have an equal degree of 

shrinkage, when relaxed in. the same lot under controlled conditions. 

1. 
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6.4.3 Effect of relaxation 

To compare the uniformity in the relaxed fabric parameters, p,, p, 2 

La and La' across the cloth width, mean values of p. 9 Pa , L, and L. , 

were. taken, from eqch of the three levels of Ty., within each level of 

T 
Y., 

for the L. H. S. and R. H. S. The average values of each of them and 

their statistical measures are given in Appendices D13 to D16. These 

results, together with the results from the M. S., (Appendices D5 and DG) 

are then used to compare the L. H. S., M. S. and R. H. S. with respect to 

the variation in the p., pa, L. and La values. 

-In order to find out the effect of relaxation processes on the 

different fabric parameters, p.,. p., L. and L. ,a percentage ratio K%. 

(defined in'Tables 6.31 to 6.34) was calculated and is given in Tables 

6.31,6.32,6.33 ai nd 6.34 respectively for pa, pa and L. in L. H. S., 

M. S. and R. H. S. for the three fabrics HLA, HLB and RLB. For the sake of 

clarity, 'only the K% at the tension levels Ty., and T 
y. 4 are plotted 

against the different relaxation conditions in Figs. 6.40 [(HLA), (HLB) 

and (RLB) to 6.43 [(HLA), -'(HLB) and (RLB)] respectively for, p ps, Le 

and L values. 
a, 

The figures 6.40 to, 6.43 show that: 

K% decreased as the % shrinkage increased with relaxation conditions 

for all three fabrics for, all fabric parameters from L. H. S., M. S. 

and R. H. S. 

K% is different for the three different sections; generally the K% 

for M. S. lies between L. H. S. and R. H. S. 

These findings suggest that the difference between % shrinkage of 

the fabric parameters across the cloth width seems to be one of the 

causes of the non-uniformity in the ultimate complete width along the 

length. The variation of the cloth width across each section (i. e. L. H. S., 

M. S. and R. H. S. ) in turn will be discussed in the next section - 6.5. 
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Table 6.31 

The ratios of the weft, thread spacing, p., values in the different 

relaxed states, p. 
x, 

and the corresponding loom state values expressed 

P'X 
0- as a percentag e, x 100 ko 

Sample 
M. S. L. H. S. R. HiS. 

Reference 
D. R.., W. R. 'T D. R. W. R. T D. R. W. R. T 

T 'IHLA- 101.26 98.9$ 97.30 100.75 97.51 96.33 102.19 99.70 98.53 
yaI 

T JHLA 101.97 99.57 97.83 99.98 97.30 95.68 101.52 98.84 97.89 
ya2 

T JHLAý 102.36 99.67 98.05 101.70 98.72 96.85 101.52 99.13 97.99 
Ya3 

TI IHLA* 102. '40 -99.83 98-. 02 102.44 99.15 97.45 102.44 99.57 98.67 
y&4 

JHLB, T 101.57 99.13 97.56 102.16 99.79 97.51 101.43 98.92 97.77 
yal 

T JHLB 102.97 100.17 98.42 101.18 98.67 97.59 103.29 100.63 99.15 
ya2 

ýJHLB T 10 2.74 100.30 9 8.60 103.3 3 100.98 99.72 102.58 100.58 98.54 
, ya 1 - , 

T JHLBý 102.82 100.67 99.14 103.90 101.50 100.45 103.13 100.62 99.40 
y&4 

T IRLB 101.44 99.13 97.55 101.14 98.62 97.44 100.56 98.33 96.90 
yal 

T IRLB 102.47 99.88 98.39 102.34 99.86 98.47 100.87 98.25 9ý. 92 
ya2 

T IRLB 102.73 100.05 98.81 100.83 98.44 97.22 101.82 99.63 98.37 
ya3 

IRLB T 101.97 99.63 98. 54 99.79 97.91 96.69 102.57 100.32 99.13 
,, ya4 1 
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Table 6.32 

The ratios of the warp thread spacing, p., in the different relaxed 

states, paxt to the loom state values expressed as a percentage, 

P. 
X 100 = k% 

P, L 

Sample 
L. H. S. M. S. R. H. S. 

Reference 
D. R. W. R. T D. R. W. R. T D. R. W. R. T 

jHLA T 95.07 95.33 94.31 
F95.44 

95.11 94.22 92.84 94.66 93.89 
yai 

T JHLA 96.18 95.44 94.62 95.88 95.40 94.66 95.64 95.18 14.42 
ya2 

T JHLA 96.70 96.48 95.23 96.26 96.09 95.38 96.63 96.56 95.85 
ya3 

T JHLA 98.16 97.65 96.33 9*7.60 97.07 ý6.52 97.88 97.36 96.68 
ya4 

T JHLB 96.29 95.88 95.25 96.35 95.92 94.85 96.44 95.60 94.99 
ya I 

1 

JHLB 'ý 97.28 96.71 96.28 97.37 96.74 95.37 97.76 96.96 96.14 
a2 

T JHLB 98-. 13 97.57 97,08 98.151 97.28 96.36 98.14 96.96 96.27 
ya3 

-T JHLB 98.77 98.22 97.72 98.53 97.69 96.92 98.84 97.74 97.08 
y&4 

IRLB T 96.80 96.34 95.61 97 
. 

23 96.37 95.54 96.81 96.22 95.41 
yal 

. 
RLB T 97.80 97. '46 96.66 97.65 97.07 96.27 97.72 97.17 96.44 

ya2 

IRLB T 97.06 96.59 95.81 97.69 96.89 96.07 97.70 97.20 96.44 
ya3 

T 
ya4 

IRLB 98.42 97.61 96.8 3 99.17 98.03 97.03 97.77 97.12 96.21 
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Table 6.33 

The ratios of the weft modular length, Le ' values at different relaxed 

states, pox, and the D. R. state values expressed as a per. centage'P 
L 

xx 100 = k% 
D 

Sample 
L. H. S. M. S. R. H. S. 

Reference 
W. R. T. R. W. R. T. R. T. R. 

T JHLA 9 9-61 98.98 99.52 99.28 99.61 99.12 
ya2 1 

IHLA. T 99.39 99.07 99.62 99.39 99.47 99.31 
y82 

T JHLA 99.42, 99.03 99.47 98.78 99. -44 98.98 
ya3 

JHLA T 99.59 98.95 99.51 99.16 99.45 99.01 
ya4 

T- JHLB 99.69 99.62 99.82 99.47 99.51 99.61 
yaI 

JHLB T 99.84 
ý99.60 

99.67 99.42 1 99.12 99.04 
y&2 

'IHLB T , 99.50 99.52 99.72 99.55 99.37 99.54 
y a3 

T JHLB 99.51 99.43 99.50 99.23 99.18 99.23 
ya4 

T JRLB- 
ya2 

99.62 99.42 -99.56 99.34 99.54 99.16 

JiLB 
,T 

99.43 ., 99.05 99.74 99.38 99.63 99. '38 
y&2 

T IRLB 99.53 99.16 99.61 99.35 99.75 99.56 , 
ya3 

T ARLB 99.41 99.14 99.58 99.34 99.64 99.50 
ya-t 
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Table 6.31; 

The ratios of the warp modular length, values in the relaxed 

states, , and the D. R. state values expressed as a percentage, %X 

L 
axx 100 = k% %D 

Sample 
L. H. S. M. S. R. H. S. 

Reference 
W. R. ' T W. R. T T 

&I 21HLA 
T 98.99 -98.31 99.07 98.59 99.00 

1 
98.35 

Y 

T JHL A 99.07 98.19 98.92 98.42 98.95 98.45 
y&2 

T JHLA 99.06 98.41 99.01 98.52 98.85 98.57 
ya3 

T JHLA 99.22 98.41 99.19 98.79 98.96 98.45 
ya4 

T JHLB 99.25 98 89 99.02 98.86 99.08 98.70 
yal 

JHLB T 99.24 98.93 99.12 98.54 98.93 98.88 
ya2 

JHLB T 99.26 99.15 99.10 98.65 98.77 98.90 
y&3 

T JHLB 
ya4 

99.12 99.09 99.02 98.48 98.93 98.95 

IRLB T '99.15 98.97 98.94 98.39 99.38 99.07 
yal 

T IRU, '98.83 98.68 98.95 98-50 99.01 98.74 
ya2 

T IRLB 98.96 98.43 99.15 98.56 99.32 99.07 
y&3 

T IRLB ý99.22 98.90 98.97 98.56 99.29 98.93 
y&4 
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%-, Contraction (for the meaning of symbols see Fig. 6.40, (H 
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Contraction (for the meaning of symbols see Fig. 6.40 OILA)) 
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(for the meaning of symbols - see Fig. 6.40 (HLA)) 
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(for the meaning of symbols see Fig. 6.40011 
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(for the meaning of symbols see Fig. -6.40. (HLA)) 

.... .... ... 
:. Contr c io 

zl- 
- 77 :, 

"Ixil 0 K: 6, 
- ' - 7 ! 7 

aD 

9977 
1: ..... ... .... 

_7 -77* 

77 =, :::. T 7-- 

.... ....... 

1 ... 7. . ...... . I 

7- 
Vi 

_Z _. :.... ... .... 

... 
- 

.... 
7- .... 

-4 

7- 

.... .... .. T "N 
i 

_= 
77 

'-T 

T_ 

z . 
ITT, 

L 

R.! H. 
Ya4 , 

j= F7 F- 
7. 

... ... 

7 

-7t= 
T 7. ---l - T-'t-7 

-: 7 

:4 

: m_. '77 -tT= 

j 

67 
7 

r4 

. 99i4 

7ý7 

77- t 

- -M. 77. r: 7 7 
MS 

Ya 
rp. -- - 

7. t77' =. -_ ý'ý= -- . - __ - -, * 7. ... .... ...... 1 
/ 

Ya ; 

q-- 

..... .... . 
7ý 

L 
77Z 

L 

7 .A 

w 

t 

7 -7R; I S1 T 

1. J. ' 

91 

4-ý 

7ý7 

y&4 

T. R. Relaxatio n 
7; 

Fig. 
. 
6.112 (RLB),,, Effect of, relaxation condition on, values of K% 



Tf-Orthe 
meaning of symbols - see Fig. 6.40 (HLA))' 

ontraction, 

.7 11. 

"7' 
10 

r: =r 

-7. 

77- 
.... ... 

14 
4; 

7-17 77. 

Ell 
-17 77--: 

. ......... 

.... ....... 
iT- 

14 

IA. 5.5 1... 

T Tl 

T "'T 

. ...... ... 

L-PTY 
4 

:::.: 1..;: 1: ;ýý; I-7t i it t: J: * 

it 7r: 7 

-7 

R. 11. S.. T 
ya 

yal 

7-1 

--7 ; 1-. + -'n 

ia ion! 
cEn ýAo n 

Fig. 6.43 (BLA) Fffect of relaxation conditions on values of 



(for the meaning of symbo. 

55 

n, 

.. ... .... ... .. .... 
4 7 

T. -. T-' -- - 
l a 1 00 

N" e- 
-71 .... .. - 7': : 

-: t L" 

T M 
in 

- 
77= 

y&4, 

... .... 
.. .... . ...... 

=T, -=- -77 
...... .... 

. 7-7 

-T. % =T_11 
-a 4- -L z, 

7: 7z t::,!: 
7ý 

-: 1 

ýV 

.. ... .... .. ya 

- - 

-, 77T'- 

77 7 ? 

71 

En 

. 8 -- -- ---- 
tt, 

T+ 
'4 ' 

TI 
.' 

i H 

7L: 

' 

ýHi . 

.... .... 
...... 

7: 

ZA 

7 

-T! "7 

7.. 

. .... .... ... 

.... .... .... . 

7-7 

. ... .... . 
77 

:Io . ý;: :: I 

.... .... .. 

T: 

rt: ::.: - ;F 

. .... 

ýý-; 
.... 

--- 
.. 

-, - 
I 

I- -- -.: I-: . 
14. 

.,; * 
ý ATT a 4" 

'17 4" 

0- 0, 77ý .- 1u 

R 

1; c 

laxat i' on 
pndit, ions I 

rig. 6,43 (HLB) Effect of relaxation conditions on values of K% 



558. 

%-o -ontr act io n 

7 i 
:. I , 

Xi 
D 

K 
1 

T 

7 

7 

1 

.7 

7 

t-: 7 
.. ... . .. ...... . ... . ..... 

1 

77- 

17-1 
7* 

7: ... ... 

.Ii 

t-: 
7 

.. .... .... .. 2 1, 
... .... 

% I 
f 
T 
-t ....... 

ya I 

. 117 

i % 

. 7:. r.. 

:: 4-1 4 

5 

ya 2: ' 

4 
-1 7- 

-M I. - 
7 yi4" 

-7, ya4 

-77t 

7_ 

7N 

'T 

I-z r. -- 
7 

: 7, - tý' 
tt 71 

- T, 
-TI 

+ I ... .... .. 
-: 7 T 

AN 
- 

.... 

7 

.... .. 

7 

7 7- Ij . 

. ..... .... 
+ /M. S. 

77 & y 4 

t 7! ' 

rT., 

... ... ... .. , - 
7 

;. '7 : fl 7 r7ý 
i 

10 . y ; Z. 777: :; :_': . .... ... .. 

mum ý ' 
W. R ition Iýel xi 

iL qoTjdjýJ. Ons 

Fig. 6.43 (RLB) Effect of relaxation conditions on values of KIn 



559. 

- the differences in the tension levels Ty. also gave different. % 

shrinkages in all the fabric parameters from each section for all 

three fabric samples. 
I 

- in most cases it was found that the values of p. increased from 

I. L. S. *to D. R. state and then decreased from'D. R. to T. R. state, 

whereas thep. values decreased from I. L. S. to T. R. state. This 

might be due to the different crimp interchange between p. and p. 

values while the fabric was still in the loom and under tension 

in the warp direction. 

The results of the analysis of variance in the p. , pa , L. and 

values from the three different sections (L. H. S., M. S. and R. H. S. ) for 

the different relaxation processes for the three fabrics, HLA, HLB and RLB, 

at different'levels of T 
ya 

are given in Tables 6.35 to 6.38 respectively 

and values and in Tables 6.39 to 6.42 respectively for Paw' Pew" PaT Pe T 

for L 
aw ,L Ow ,LaT and L 

eT 
values. 

The tables 6.35 to 6.42 show that: 

- there were significant differenc 
. 
es in the Paw$ PT9 %w, and L 

aT 

values between the L. H. S., M. S. and R. H. S. for the RLB fabrics 

at each level of'T 
ya , 

there were significant differences in the p9pL Aw aT3' 
PoT9 Low 

ST 

and L 
eT 

values between the L. H. S., M. S. and R. H. S. for the HLB 

fabrics, 

- for'the HLA fabric, th; differences in the different fabric parameters 

between the L. H. S., M. S. and R. H. S. are not significant at each 

level of T 
ya 

except the values Of P%T where there was a significant 

difference between the sections at each level of T 
ya 

The analysis of the values of p 3. P and L from IILA, HLB and 
a 

RLB fabrics c1darly indicates that both let-off systems and the two 

beaming processes failed to produce a uniform fabric across the cloth 

width with respect to the p., pa, L. and L. values. All three fabrics, 
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A 

HLA, IILB and RLB show some differences in the values of the fabric 

parameters. obtained for the three characteristic sections across the 

cloth width. 

6.4.4 Summary 

The analysis of the thread spacing (p. and p. ) and the modular 

lengths (% and L. ) values obtained from the three distinct sections 

(left hand, middle and right hand sections) across the cloth width in the 

different relaxation states', show that 

i) for all three fabric samples, HLA, HLB and RLB, there were 

differences in the values of p, p, L and L obtained from the three 
0a6a 

sections, L. H. S., M. S and R. H. S. The dimensions of the unit fabric 

cell, p8, pa, % and La were found to be not uniform i. e. their values 

vary across the width of the cloth. 

ii) both types 
' 

of let-off motion, the Hattersley and WIRA/Poole 

roller. let-off motion, produce'irregularities in the warp thread-spacing 

values across the cloth width. This suggests that there will be width- 

wise variation along the length in the finished cloth woven by using 

either of the two let-off'motions mentioned. 

iii) the change of'warp tension during weaving, as would be expected, 

increased the percentage change'in, fabric dimensions for all three 

fabrics, -HLA, HLB and RLB. For a given percentage change of the closed 

shed warp tension, the % change-in the fabric parameters were found to 

be greater for the fabrics woven with WIRA/Poole roller let-off motion 

than from the Hattersley let-off motion (Table 6.43). 
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t 

6.5 Difference M between'fabric width D. R. state and that at the fell 

for sections of and complete widths with respect to M HLA. L 

(ii)'HLB, and (iii) RLB fabrics 

The difference between the width in reed and that measured at the 

fell*was generally small for most of the fabrics and is almost nil in 

some cases. However, the contraction from the width at the fell to that 

measured in the grey'state is generally appreciable and depends on the 

clotb construction'and on. the weaving condition. 

In this section, --there will be a detailed examination of the factors 
I 

affecting the contraction of the sections of and complete cloth width 

(i. e. 
WL3'-WMI WR 

and WT) in the grey state (i. e. D. R. state) from that 

at the fell (W "and WTI). This is done separately for each of L3' 
WMI WR-, 

the three fabric samples used, HLA, HLB and RLB, in order that the effect 

of beaming and the let-off motions on each of them can also be found. 

The values of W1 WRI and WTI, were measured during weaving of cloth L 
WM 

samples with minimum levels of yarn tensions (TY., and T 
ye2 

) for the three 

fabrics, HLA, HLB and RLB, so-that the effect of yarn tension changes 

can also be considered. 

The average values of the. percentage contraction of each of the 

above parameters, W W. and W from the values at th; fell WI WI and L9 R L9 M 

WRI at the different levels of yarn tension changes are shown-in Figs. 

6.449 6.45 and 6.469 respectively for the three fabrics, HLA, HLB and IRLB. 

In the case of HLB. and. RLB fabrics's about 11 inches of fabric width, WR. 
59 

between the W 
R" and the right, hand selvedge (F. 4.20) is also included in 

Figs 6.45 and 6.46. 'In the figures, the'12 different combinations of 

yarn tension changes (Tya 
I 
and Ty. ) used during weaving are marked as I 

to 12 on the X-axis, where 'l, 4,7 and 10 referred to the TI, T, T 
y Y&2 y&3 

and T 
ya4 

warp tension levels combineýd with the T 
ye2 3' weft tension levels. 

Whereas (2 and 3), (5 and 6), (8 and 9) and (11 and 12) refer to the changes 
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in the weft tensions, -T 
Y04 

and T 
Yo6 , within each level of warp tensions 

T 
ya I, 

Tya2 ,Ty a'3 
and T 

ya4 
(T. 4.19 and 4.6). 

The figures 6.44 to 6.46 show that the contractions of the sections 

of cloth widths are not-uniform across the intervals over the complete 

width for all three fabrics. There were differences in the contraction 

of width between the'left hand, middle and right hand sections. The 

percentage change in width of cloth section increased with the increase 

in yarn tension level for all three fabrics, HLA, HLB and RLB. The 

contractions of W for HLA and W for HLB and RLB fabrics were found 
R R. S 

. 

to be-higher than those for WL and W.. 

The effect of these variations in the contraction of cloth width from 

the different sections across the whole width on the total width of the 

cloth NO are shown in Figs., 6'. 47,6.48 and 6.49 for T 
Ye 

and in rigs. 

6.50,6.51 and 6.52 for TYa respectively for HLA, HLB and RLB. 

The values of the contraction of W and WT for the L5 
WM 

3' 
WR 

5 
WR 

S. 

three cloth samples (i. e., the samples woven with warp tension level of T 
YA4' 

are only shown in each, of the above figures 6.47 to 6.49 to show the 

trends. These'indicate that the contraction M of the total width was 

found to be higher than those for W and lower than those for W There 
ILR. 

S 
.* 

is a difference. in the'contraction of total width (WT) and those from the 

sections of cloth width (W 
L5 

WM5 WR and W 
R. S. 

for all three fabric 

samples. 

The contractions of total width (WT) of the RLB fabrics were 

generally found to be higher than those for the HLA and HLB fabrics at 

each level of warp yarn tension (T. 4.19). 

- The uniformity in the total-width, thus, seems to be dependent on 

the uniformity of the width of each ofIthe sections from which it is 

constituted. The difference M iiy the width of each of the sections 

from that at the fell, results in the final difference (%) in the total 

width. 
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I 

In order to compare the extent ofthe variability in the values 

of the difference M of section of and complete cloth width obtained 

from HLA, HLB and RLB fabrics,, mean values of the percentage changes 

in and WT were taken from each set of three levels WL5 WM5 WR5 WR. 
S. 

of T 
ye 

within each level of T 
ya . 

The grand average values and their 

statistical measures are given in Appendix D17. These results are 

used to. compare HLA,, HLB and RLB fabrics with respect to the variations 

in the difference M in the WL5 WM'91 W 
R5 

W 
R. S. and WT at different 

levels of T 
ya 

The actual variations in the difference M in W 
L9 

WM9 WR9 WR. 
S. 

and WT for the three fabric samples HLA, HLB and RLB, at different 

levels of Tya are given in Table 6.44. 

It can be seen from Table 6.44 that the variations, as measured 

by the c. 4. %, in the percentage contraction in the' 

i) W and W for all three fabric samples at each L3' 
WM5 ýR9 WR. 

S 
.T 

level of Tya are not equal. 

i i) WL and WR. 
S. 

for HLB and RLB-fabrics and WL and WR for. HLA 

fabrics were. generally higher than'those for the other two sections, 

W. and WT at each level of T 
ya 

6.5.1 Discussion 

The-analysis of thelcontraction-of the section of and the complete 

cloth width (i. e. WLI WMI WRI WR. 
S . 

-and WT) for HLA, HLB and RLB fabrics, 

indicates that the-contraction of the total cloth width (D. R. state) from 

that atýthe fell (Rý) were generally atýributed to the individual 

contractions of the section of the cloth width (W WM9 WR and W L R. S 

The variation of the cloth width, (WT) along its length arises from the 

variation in cloth width across it (i. e. in Wm, WR and The WR. 
S . 

percentage changes in WR and WR 
S. were found to be higher than those for 

Wm, W and W LT 
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I 

The contraction in total width and sections of the cloth width 

from that at the fell varies with the change in warp yarn tension along 

the length of the cloth for all three fabric samples. 

Thus,. it would appear that , regarding the control of fabric 

dimensions, there is little to choose between the two let-off motions, 

i. e. Hattersley standard and WIPA/Poole roller type, under review as 

far as the present experiments are concerned. 

These findings gave some indication that the variation in the total 

cloth width (WT) in the D. R. state arises from the non-uniformity in the 

difference (%) of the sections of cloth width (W 
L9 

WM3' WR and Wn. 
s. 

) from 

those at the fell (WLI, WmI, WRI and WRt. 
s. 

). The latter results from the 

non-uniformity in the thread spacing values across the reeded width at the 

fell (S. 6.4), caused mainly due to the uneven distribution of the weaving 

resistance (Wd at the three characteristic sections along the reeded 

width (L. H. S., M. S. and R. H. S. ). 

Iý was ýxplained in section 6.4 that the relaxation processes 

could not reverse the nature of the variation in the thread spacing 

values that had already existed in the grey, piece (D. R. state). 

Previous work 
17L 

suggests that the variation in width and the 

potential relaxation shrinkage that could occur from this variation could 

t not be fully revealed from the piece width measured at grey state; they 

would become more marked after finishing treatment. Further work 
I 

also 

showed that tentering, a process which might be expected to level out 

widthways variation, actually increased the variation found at the grey 

state and this may indicate that tentering could introduce some additional 

variation down the. length. 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS 

It has been shown previously in the literature review that 

weaving resistance and the fabric geometry have been investigated by 

quite a few workers. The 2/2 twill weaves, however, have not been 

approached in terms of a theoretical model, or models, for comparison 

with experimental findings. The effect of weaving conditions on the 

fabric dimensions was partly investigate2 $15 $23 $59 $71 
, but the effect 

of some parameters has not been fully investigated. In order to give 

the picture of the dynamic formation of the fabric with 2/2 twill weave, 

and the effect of the dynamic parameters on fabric dimensions, the 

following main problems have-been investigated in this work: 

Theory 

establishment of the model for fabric geometry, 

establishment of the model for calculation of the weaving resistance 

and the effects of the factors on weaving resistance. 

Experiment 

the development of the instrumentations to measure the values of 

the relevant parameters, 

- the effect of warp tension on weaving resistance, 

- the effect of weft tension on weaving resistance, 

- the effect of the. Hattersley standard and WIRA/Poole roller let-off 

motions on weaving resistance, 

- the effect of warp elasticitY on the formation of weaving resistance, 

-a change in fabric dimensions due to variations in warp and weft 

tensions, ' 

-a change in fabric dimensions as an effect of the different let-off 

mechanism,, 
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- the effect of the beaming process on the'fabric dimensions and 

weaving resistance, 

- the effect of relaxation processes on the fabric dimensions, 

- the formation of the values of coefficient of friction, of yarn 

against yarn, in conditions simulating a fabric formation, 

- the change in fabric dimensions across the fabric, 

- the autographic recording of the fabric width. 

This investigation set out to study how changes in the warp and 

weft tensions during weaving influence the dimensions of the unit fabric 

cell in three relaxed states D. R., W. R. and T. R. The main parameters of 

the unit fabric cell studied were the average thread spacings, p and p aa 

and the yarn modular lengths, L and L. In addition, an attempt was made 
a0 

to obtain information on the-wider subject of the effect of loom warp 

control (i. e. let-of, f mechanisms) and warp beaming processes on the 

fabric dimensions. There was also a need to examine the effect of the 

above parameters on the sections of and complete cloth width where 

variation of tension was induced at the known sections. These widths 

were measured by hand. and for the complete width by means of an auto- 

graphic width recording device which was developed during the investigation. 

Warp tension plays an important part in the development of beat-up 

resistance. Changes either in the resistance to beat-up, arising, for 

example, from the changes ip the amount of cloth contraction, produced 

variation in pick spacing, p. The elastic constants of warp and fabric 

(i. e. c and q respectively) and friction (p), of course have a major 
Y. f 

influence on the, weaving resistance, W,, 'cloth contraction, Z,, and warp 

tension at the moment of beat-up, T 
y 

ýn attempt has been made, on the one hand, to evolve a reasonably 

realistic, but not too complex theoretical model. This relates weaving 

resistance, cloth contraction and warp tension at the moment of beat-up 
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to, basic, yarn and fabric, parameters, (chapter 3). Additionally, methods 

were developedto, measure weaving resistance, cloth contraction and 

warp, tension (chapter 4) and to compare the, theoretical results with 

the experimental findings (chapter 5). 

A, -Fange of 
, 'experimental'. 'samples 

of 2/2 twill weave, was made 

to coveiýjabrics, woven, with different. levels of closed-shed warp and 
.ý -1 'A' 'je, -1.1,111, 

-weft, unwinding tensionsduring. weaving. The loom used was a 

Hattersley. standard,, fitted with (i) original Hattersley semi-positive 

and, (ii), WIRA/Poole, rollerýlet-off motion (chapter 4). There were two 

warp beams usedjn_ýthis'investigation.. One was re-warped after normal 
.-L '' . -1.1- .ýIý---- 

sectional warping. on, a. special modern beaming head, beam A, in order to 

ensure, that,,, there was, uniformity of warp tension in all threads. The 
. -, ý-ýIý` 11 ". '.. -Iý. , L' - 

second. one,, beam, B, had. been sectionally warped with different warp 

yFn,, tensions, for, some sections of,, thý complete width and, then beamed 

off, in. the normal way. The, fabric samples woven with beam A, using the 

HatterSley let70ff motion, were referred, to as HLA fabric. Those fabrics 

woven. with beam. B. 
i 
using_b, o, th,. Hattersleyýand, W, IRA/Poole roller. let-off 

m'tions were, referred. to, as. HLB and RLB, fabric samples respectively. 

The influences of closed shed. stic donstants ýýarp tension., the ela 

of. warp and--fabric (c, and, q,? 
_, 

final, yarp thread angýe, in, the fabric, (e) 
-, y 

and friction-(v), on,, the, clothlcontractioný, (Zf), weaving resistance (W,, ) 
I.. ",. -11 - 11 1 .- 41 1. .. I1 1- - 

and,, the, warp. tension at the moment, of beat-7up (T were considered and 
.I ýA- -1 -II,. - - --f I '*e "'" I .ý. -. --, y 

analysed, 
"theoretically. 

andý'experimentally. Attempts have been made to 

compare, two different. methods-of evaluating the, value of 0 and ji with 

respect, to their effects,, o. n. t. he. calcula. ted values of Z, W., and T 
fy 

.,, 
The, analysiS and discussion of the, experimental, data, for the 

different. valuesýof p, and. L at different fabric relaxation states, 

revealed. how, critical yarn tensions are with respect to the dimensions 

of the unit,. fabric cell. The experimental values permit ready comparison 

of the two systems of Warp beaming and also of the two types of let-off 
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motions under consideration, the Hattersley semi7positive and WIRA/Poole 

device fitted to the Hattersley standard loom, with respect to the 

uniformity of the dimensions of the fabric cell. 

. 
In the theoretical approach, the weaving resistance (Wd' cloth 

contraction (2ý), warp stretch (Z 
Y 

and the warp tension at the moment 

of beat-up (T 
Y) 

were described by mathematical equations in terms of such 

parameters as: final warp thread angle (0), basic warp tension (T 
yB)s 

the elastic constants of warp (c 
Y) 

and fabric (c 
f 

), shed angle (a) and 

coefficient of friction (p). 

The effect of-some of these parameters on Zf, W, and TY was inves- 

tigated. in our experimental and theoretical work by using computer 

facilities in the latter case. 

Warp tension, hence fabric tension in the warp direction, influenced 

the value of 0 which decreased with an increase in warp tension leading 

to smaller values of W.. The latter, however, is a function primarily of 

TY, which depends on T 
YB 

or closed shed tension (TY. ) and Zf at the moment 

of beat-up. -Both, tension and stretch increase with an increase of 

basic or closed shed warp tension. Thus an. increase in warp tension leads 

at the same time, to a decrease and an increase of W.. Increase of TY() 

and hence the T 
YB , 

influence Zf , W, and TY through all related factors. 

The computer results confirm that an increase in Ty., as well as 0, leads 

to an increase in Zf, W,. and TY. The results also show that an increase 

in c leads to an increase in W. and T and a decrease in Zf whereas an 

increase in cf leads to-a decrease in Zf, W. and TY. 

, 
The results obtained during our experimental work confirm the 

72 
theoretical trends, but-the phenomenon of discontinuity, shown by Ito 

Galuszynski16 0,261 
, was not observed for W. Experimental results show 

r 

that an increase of closed shed warp tension gives a proportional increase 

in Z, ,TY and Wr 
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Both sets of results prove the correctness of the statements made 
47 121 207-109 161 

by Greenwood, ý', Backmann 
-1,1ýýChlen 

Jui-Lung and Galuszynski 

namely that weaving resistance increases with warp tension. Moreover, 

the experimental and theoretical, results obtained, concerned withýthe 

effect of: warp elastic constant,, fabric, elastic constant, weft tension, 

v and 0 on weaving resistance, are in, agreement with Galuszynski's 
160 

5161 findings 
, 

The measured values of Z T' and W have the same trend as those 
fYr 

calculated(but. there-was, however,, some discrepancy between them. The 

discrepancy: betweenýthýe measured andýcalculated values can be caused by 

a numberýof'factors and these-are-discussed in section 5.2.: The discrepancy 

between the measured and. the calculated-values of Zf, Ty and Wr , -however, 

decreased whenthe, values, of. ii 
9_' and,, O,, were used instead of those for V and 

e. 
_; 

The-values of pý' and 0. were obtained, by using Galuszynski's 
162 

method. 

Theiresults*suggest-, that the close agreement between the measured and the 

calculated values of'Z, , Ty-_and W. --can only be obtained when the values 

of, p: and, O are more.. realistic. I, This-also showsAhat the use of weft 

elastic modulus, and fabric tension, 
_in,, 

the warp direction. together,, with the 

final. warp, and pick spacings seems, essential for estimating the value of 0. 

The-, weft,, elastic modulus affects. the'warp and-weft weave angles, 0 and e 

in r-the . 
fabric; the latter af f ects sW 

The effect of changes, in. weft. unwinding tension (T on ZfT and 
YY 

W, were random. 
r 

ý. The experimental'-results, of., 'loom state thread spacing values, P*L 

and p -, achievedAuring weaving of, three fabric samples, HLA, HLB and 
&L 

RLB, -, show-, that. 
-the measured values'of'PL and p .. decrease as measured 

&L 

values*of closed shed, warp -*tension ý(Ty'd increase. 

i ý-, 'The, values; of PL and P. L. were. found to be random when related to 

T values. ye 



589. 
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The values of PL and PL from the three chosen sections i. e. 

left hand (L. H. S. ), middle (M. S. ) and right hand section (R. H. S. ), 

across the. cloth width are not equall. 

The use of the uniform tensioned beam, A, did not improve the 

uniformity in the thread spacing values across the width of the cloth. 

The irregularity in the-thread spacing values across the cloth width 

seemedto be associated, with the non-uniformity in the warp tension at 

the moment of beat-up across the cloth width. This leads to an uneven 

distribution of the beat-up, force along the reeded width. 

The WIRA/Poole roller ýlet-off motion seemed to be better than the 

Hattersley. let-off motion in respect to the uniformity in the weft thread. 

spacing across the cloth width. However, the variations in the thread 

spacing values,,, between the sections were found to be always higher than 
I-I 

those within each, of. theýsections, L. H. S., M. S. and R. H. S., for all three 

fabrics, 'HLA, HLB and RLB. 

The results of. the regression analysis for thread spacing and warp 

tension at the moment of beat-up, suggest that the changes in Ty -were 

more critical on the, thread spacing values when weaving with the WIRA/Poole 

roller let-off than with, the Hattersley let-off motion. This is because 

in the two let-off mechanisms, two values of c (i. e. different amount of NY 

free length of. yarns)-affect the weaving resistance differently. There 

was, however,!, no significant difference between the variations of PL values 

obtained from the'fabric, samples woven with the Hattersley let-off motion 

and WIRA/Poole roller-let-off motions. 

It should be noted. that-, the values of thread spacings were analysed 

separately at. first, section by section, i. e. M. S., L. H. S. and R. H. S. 

The effect'of yarn tension changes on the thread spacing values 

from L. H. S. andýR. H. S. 'were. basically the same as those from the M. S., i. e. 

there was gradual'decrease of thread spacings values as the level of closed 

shed warp'tension increased for all three fabric samples. 
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The variation, -as measured by the coefficient of variation (%) 

i. e-. c. v. %, in PL from L. H. S. and R. H. S. were generally higher than 

those from M. S., for all three, fabric samples. 

The v. alues of P. L' 
frOM-M-S' were generally lower than those from 

the L. H. S. and R. H. S. for all three fabric samples whereas the PL values 

from the L. H. S. were generally higher than those from the M. S. and R. H. S. 

The results of the measured values of, out of loom (D. R. state), 

thread spacings (PD and P& D and the modular lengths (LD and L 
ad 

show that the values of PD9 PD (i. e. Pe 
DX Pa D) and L 

aD 
decreased as 

Ty. increased,, for all three fabric samples, HLA, HLB and RLB. The 

values of. L 
OD 

and PD decreased as T 
ya 

increased for RLB samples whereas 

for HLA and HLB samples, the trend was not definite. 

The effects of T 
ye 

on ýOD S'PaD 5 
%D and L 

&D 
were random. 

The results of the regression analysis on the fabric parameters and 

Ty, further indicate that the change in Ty was more critical an the 

fabric parameters, with the WIRA/Poole roller let-off motion. 

The variation, as measured by coefficient of variation M, in 

the PD 9pS, D and L 
aD 

was found to be highest in the fabrics woven with 

the WIRA/Poole rollerýlet-off. motion. 

This means that the control of yarn feed, i. e. control of average 

warp modular'length (%-), by the Hattersley let-off motion seems to be 

better than the WIRA/Poole roller let-off motion. 

The results of the D. R. state samples indicate that the swinging 

back-rail used in conjunction with the Hattersley let-off motion seems to 

act in sympathy with the warp tension at. the moment of beat-up. 

Both the Hattersley and WIRA/Poole roller let-off motions produced 

irregularities in the warp thread spacing values across the cloth width. 

This suggests that there will be widthwise variation along the length in 

the finished cloth woven by using either of the two let-off motions 

mentioned. 
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For a given percentage change in closed shed warp tension, the 

change M in the fabric parameters were found to be greater for the 

fabrics woven with the WIRA/Poole roller let-off motion. 

Wet and tumble relaxation of samples decreased the values of p and 

L. The shrinkage, in the warp direction, as would be expected, was 

found to be greater than that for the weft direction for all three 

fabric samples. Irrespective of fabric relaxation processes, the 

gradients of the line (m), relating to each of the fabric parameters 

with Ty, wer6 highest for the fabrics woven with WIRA/Poole roller let-off 

motion. This, again, 'demonstrates the dependence of the fabric parameters 

on the changes in Ty with WIRA/Poole roller let-off motion. 

-The 'variation in'the relaxed fabric parameters was also found to be 

highest, for the fabric samples-woven with the WIRA/Poole roller let-off 

motion. - 

The dimensions of the unit fabric cell, p0, pa and La, in the 

different relaxation processes for the three fabric samples were found to 

be not uniform across the width of the cloth. 

In order to find out the effect of the relaxation process on the 

different fabric parameters, a percentage ratio, K%, i. e. the ratio 

of the values of parameters in the different relaxed state and the cor- 

responding loom state values expressed as a percentage (see tables 6.31 

to 6.34, -FigS.. 6.40 to'6.43), 'were calculated for the different sections 

and for the three fabrics. The results show that K% is different for the 

three different sections'and generally the K% for M. S. lies between L. H. S. 

and R. H. S. -The-findings suggest that the difference (%) in shrinkage 

between the-fabric, parameters-across the cloth width seems to be one of 

the causes of the non-uniýormity in the ultimate complete width, along 

the length. ý 



The*analysis of the contraction of the sections of and complete 

6loth width (i. e. WL9 WM$, WR and WT) for HLA, 'HLB and RLB fabrics 

indicated that the contra'ction of the total width (D. R. ) from that at 

the fell (Vy), was generally aitributed to the individual contraction of 

the section of the cloth width. 

The variation of the cloth width (WT) along the length arises from 

'the-variation in the cloth width. across it (i. e. wL, Wm and WR). 

The contraction in, the sections-of. and complete cloth width from 

that at the fell varied with the changes in warp yarn tension along the 

length. 

The resuits also indicatethat the variation in WT in D. R. state 

arises from the non-uniformity in the difference (%) of the sections 

of-cloth width from those at the. fell, WL* Wm and WR- 

From the results of this investigation, used in the. analysis of 

the values of parameters of the un it, fabric cell, P. , P. ,% and L. , 

from HLA, HLB and RLB fabrics,, it seems that there is little to choose 

between either the two let-off motions, Hattersley and WIRA/Poole, or 

the'two beaming processes, 'A and B, in the'. control of fabric dimensions. 

All three fabrics show some differences in the values-of the fabric 

parameters obtained for the, three sections, L. H. S., M. S., and R. H. S. 

Both sets of results, experimental and theoretical, allow the 

following'conclusions, to be put forward: - 

comparison between experimental findings and the models (2/2 warp 

faced rib to describe the fabric geometry, plain weave to evaluate 

the weaving resistance) shows a small discrepancy between them. 

Thus-this kind', of approach can be used'to investigate other weaves 

with three dimensiorial crimp, 

- experimental'findings as well as theoretical ones concerned with the 

,, effect of warp and weft tensions on weaving resistance agree with 

those obtained by the other workers, 
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4. 
I 

- the weaving resistanceýincreases with: warp tension, weft 

tension, 

- weaving'resistance increases with warp elastic constant, 

- weaving'resistance increases with weave angle and coefficient of 

friction of yarn against, yarn, 

-. the parameters of-the fabric geometry (i. e. fabric out of the loom) 

are the-function of the-dynamics of fabric formation, 

-ý-relaxation processesýhave an important effect on fabric dimensions; 

tumble relaxation gives the highest change, 

- the fabric geometry changes across the fabric, 

- there is significant difference in weaving resistance and fabric 

-geometry of the loom state fabric due to differences between 

Hattersley standard and WIRA/Pool roller let-off motion. There is 

also a difference in the fabric geometry after relaxation, 

there is no-significant difference in weaving resistance and fabric 

geometry of the loom state fabric due to differences between the 

two beaming processes A and B. There is however a difference in 

the fabric geometry after relaxation, 

the weft tension affects the fabric geometry, as well as warp 

tension. In the. case of warp ten6ion change is more significant, 

there was no significant difference in the values of fabric width 

obtained by manual'and autographic measurement. 

The results obtained show that fabric dimensions depend on the 

dynamics of1fabric formation. Thus, if we could control and keep the 

value of the, forces in the yarns (warp and weft tensions) constant 

during the weaving it would be possible to obtain a fabric with more 

uniform width. The technical solution of this problem should be the 

subject of further investigatio n, but in the meantime, the weaving 

industry should attempt to keep the warp and weft tensions to a minimum 
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range of variation during, weaving and also yarn preparation. Moreover, 

to increase weaving'efficiency, the weaving process should have the 

smallest values of warp, tension, warp elastic constant, weft elasticity 

and the highest level of fabric elastic constant. 

The picture of'the'dynamics of fabric formation and its effect on 

the fabric geometry would, have been more clear if the distribution of 

warp tension along thewarp thread in the loom, the effect of reed and a 

model of, the fabric, with three'dimensional crimp had been*known. 
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APPENDIX A 

Relationship between error for p. and its 

related value for crimp, c 

I 

Crimp is a function of two parameters, modular length, L, and 

-thread--. spacing, p. Cons'equently, there must be some error in any crimp 

value, caused by the related error in p. at any value of the independent 

variable L. 

The error in the crimp value might be needed in some instances and 

the mathematical relationship between the fractional error on p. E and 

the fractional error on crimp, E is obtained in the following way: C 

L 
P 

differentiating (1) with L as a constant: 

dc =L 
dp 
2 

p 

Hence 
dc 

=L 
d2 

C2 P. c 

Substituting for c from c=L 
p 

dc L 
-. 

dp ]2 
cp2 (L p) 

L ý2 
c (L p) p 

and 
dc 

+K 
dp 

cp 

where KL 
(L -p p/L) 



Hence 

EKE 
CP 

dE 

and -1- =K dE 

As the gradient of the regression lines for normal weave structure 
22 

$154 were generally greater than 0.8 it follows that the value of K 

must be greater than 
. 
5, that errors in crimp are several. times larger 

than the related errors in p. - 

Theoretical relationshiP22 between EP% and E, %, based upon 

experimental values of p and L, clearly shows that the values of E 
P 

and E% areýlinearly related to each other for various weft cover factors 
C 

and there is-an increase in the gradient of the line with reduced weft 

cover factor. - 
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A22endix Bl (HLA) 

Average values-of cloth contraction (2ý) and its statistical 

measures for HýA fabrics 

Statistical Measures 

Fabric sample 
reference Mean value Standard Standard 

of 
Z deviation Coefficient 

Olvariation error of mean 
f a 

c v % S. E. 
(inches) (inches) . . (inches) 

T 2 
IHLAIM' 

l 
IT '-'0.27 0.018 6.68 0.003 ye Ya 

T IHLAIM IT 0.28 0.034 12.26 0.005 y84 Yal 

T IT "' IHLAIM 0.28 0.022 7.68 0.004 ya2 ye6 

T e2 IHLAIM 
2 

IT 0.31 0.046 14.55 0.007 y ya 

1 
T IT IHLAIM 0.30 0.021 6.79 0.003 ya2 y04 

T IT IHLAIM 0.30 0.025' 8.43 0.004 y&2 y86 

T IT IHLAIM 
3 2 0.34 0.026 7.62 0.004 ya ye 

H LA IM T IT I 0. '35 0.031 8.87 0.005 
I ya3 ye4 

I 1 IT IHLAIM T 0.35 0.027 7.63 0.004 ya3 Ye6 

- 
IHLAIM T IT 0.37 0.025 6.76 0.004 

e2 Ya4 y 
T IT ' IHLAIM 0.42 0.029 6.87 0.004 

ya4 ye4 

IT T 
6 

IHLAIM 0.42 
Ya4 ye 
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Appendix Bl (HLB) 

Average values of cloth contraction (Zf) and its statistical measures 

for HLB fabrics 

Statistical Measures 

'Fabric sample .Iý 
I 

reference Mean value 
' Standard Standard 

of 
Z 

deviation Coefficient 
4 variation 

error of mean 
f cr 

c v. % S. E. 
(inches) (inches) . (inches) 

T e2 

I 
HLB 111 

l 
IT 0.4 1 0.015 3.78 0.003 

y ya 1 
1HLBIM T IT * 0.41 0.022 5.45 0.005 

4 Yal ye 

LBIM T 2 
!T 

6H 0 41 0.021 5.081 0.004 
y& Y8 

I - 
T 2 

IHLBIM 
2 

IT 0.43 0.030 6.88 0.005 
ye y& 

T, IT IHLBIM 
e4 2 0.44 0.028 6.28 0.004 

y ya 

T IT IHLBIM 
6 2 0.43 0.031 7.1i 0.005 

y0 ya 

T IT IHLBIM 
2 3 0.47 0.021 4.43 -0.003 ye Ya 

IHLBIM T Tye 4 &3 
I 0.49 0.019 3.92 0.003 
, 

y 

T e6 
IHLBIM 

3 
IT 0.49 0.016 3.34 0.003 

ya Y 

T IT'' IHLBIM 
2 

0.51 0.020 3.95 0.003 
ya4 ye 

T IT IHLBIM 
e4 4 

0.52 0.023 4.54 0.004 
ya 

.y 
T 

'IT .-I IHLBIM 
Y06 a4 

0.51 0.024 4.60 0.004 
y . 
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Appendix Bl'(RLB)' 

Average values of cloth contraction (Zf,, ) and its statistical measures 

for RLB fabrics 

Statistical Measures 

Fabric sample, ' 
reference Mean value 

of. 
Standard 

Coefficient 
Standard 

zd. eviation 
ofvariation 

error of mean 
cr; - , 

c. v. % SME. 
-(inches) ' (inches) (inches) 

T IT 
l 

I RLB IM 
2 0.42 i 0.625 5.85 

Ya ye 

T -1 IT 
4I 

RLB IM 0. '43 0.033 7.61. ' 
ya Ye 

T l 
IT 

6I 
RLB IM 0.43 0.028, 6.55 

Ya y8 

T 2 
IT 

2I 
RLB IM 0.44ý 0.023'- 5.11 

ya ye 

T 
2 

IT 
e 4 

IRLBIM 0.45 0.018 3.907 
ya y 

T 2 
IT 

61 
RLB IM 0.021' 4.61 

ya Ye 

T 3 
IT 

2 
IRLBIM' 0. " 50 '-022 -- 0. 4.41- 

ya .. 

T T 
8 3 

RLB IM 
4 

0 #'5 1 0.0'35, 'ý 6.78 
y& y 

T 
a 3 

IT 
e 

IRLBIM 
6 O. '50'ý 0*028'1 5.68 

y y , 

T IT 
4 

IRLBIM 
2 

0.53- 0'021", 3.97 
Ya yo 

T IT 
4 

-IRLBIM 
4 0.53 0.032. '- 6.01-- 

Ya ye 

T IT IRLBIM', 55" , 0. 00'029, 5.32' 
ya4 ye r . 

0.004 

0.005 

0.004 

0.003 

0.003 

0.003 

0.003 

0.006 

0.004 

0.003 

0.005 

0.005 



Appendix Bl (HLA) 

Average values of warp tension at the moment of beat-up (T 
y) 

and its 

statistical measures for HLA fabrics 

Statistical measures 

Fabric sample 
reference Mean value Standard Standard 

of 
T 

deviation coefficient 
oývariation error of mean 

y 
(oz/thread) 

a 
(oz) c. v. % S. E. 

(oz) 

T 
2 

IHLAIM 
2 

IT 1.64 0.102 6.22 0.016 ye ya 

l 
IT 

4 
IHLAIM T 1.71 0.603 3.53 0.011 

ya y0 
JHLAIM T IT 
r 2 

1.60 0.098 6.14 0.015 
Y3 y 

T 
2 

IHLAIM 
2 

IT 1.88- 0.040 2.16 0.006 
ye ya 

IHLAIM IT T * 1.87 0.049 2.60 0.008 e4 Ya2 Y 

IHLAIM T IT 
' 

1.75 0.042 2.38 0.007 
'e, y&2 y 

T ' 
92 

IHLAIM, 
3 

IT 1.96 0.070 3.59 0.011 y ya 

T IT IHLAIM 2.02 0.048 2.36 0.075 
ya3 Ye4 

JHLAIM' T3 IT 
'If 

1.97 0.067 3.40 0.010 
ya y 

T 
e2 

IHLAIM 
4 

IT 2.02 0.059 2.92 0.009 
y ya 

T IT IHLAIM' 2.09 0.045 2.18 0.007 
y&4 y84 

JHLAIM T IT 2.07 0.046 2.21 0.007 
06 ya4 y 

V 
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I 

Appendix Bl (HLB) 

Average values of warp tension at the moment of beat-up (T 
y) 

and its 

statistical measures for HLB fabrics 

Statistical Measures 

Fabric, sample 
reference Mean value Standard Standard 

of 
T 

deviation coefficient 
ofvariation 

error of mean 
y a 

C V. % S. E. 
(oz/thread) (oz/thread) * (oz/thread) 

I 
HLBIM T ' JT 

2 1.80 0.110 6.13 0.025 
ye 

_ a y 

T" IT IHLBIM' 
aI e4 

1.81 0.072 4.01 0.016 
y y 

T '6' IHLBIM 
lIT 

1.84 0.064 3.46 0.012 
ye Ya 

T- IT IHLBIM 
2 2 . 

1.97- 0.122 6.21 0.019 
ya ye 

T 
4 

IHLBIM 
2 

IT 1.96 0.103 5.27 0.016 
ya Ye 

T , 
e6 

IHLBIM 
2 

IT '1.93 0.090 4.67 0.014 
ya y 

T 
2 

IHLBIM 
3 

IT 2.31 0.121 5.23 0.019 
y* ya 

M T 
e4jHLBI 3 

IT 2.20 0.071 3.22 0.011 
- y& Y 

T 'IT' -IHLBIM 6 3 
2. ý3 

0.074 3.31 0.012 
ye ya 

T 
2 

IHLBIM 
4 

IT 2.47 0.088 3.59 0.014 
ye y& 

T 
4 

IHLBIM 
4 

IT 2.44 0.077 3.14 0.012 
ya Ye 

T IT IHLBIM 
6 4 

2.41 0.091 3.78 0.014 
y9 ya 

A. 
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Appendix Bl (RLB) 

Average values of warp" tension at the moment of beat-up (TY) and its 

statistical measures for RLB fabrics 

Statistical Measures 

Fabric sample 
reference- Mean value Standard Standard 

of 
T 

deviation Coefficient 
oývariation 

error of mean 
y a 

c v % S. E. 
(oz/thread) (oz) . . (oz) 

, 
IT IRLBIM T 2 1.99 0.127 6.38 0.020 

& y ye 

T IT IRLBIM 1.92 0.165 8.62 0.026 
yal Ye4 

IRLBIM IT T 1.93 0.100 5.19 0.158 
yal 96 y 

IR LBIM T I T 2.18 0.084 3.86 0.013 
Ya2 

, 
ye2 - 

IRLBIM T IT 2.16 0.053 2.47 0.008 
y&2 ye4 

IRLBIM I. T T 2.11 0.068 3.22 0.011 
y&2 ye6 

IRLBIM IT * T 2.32 0.084 3.60 0.013 
y ya3 e2 

T IT IRLBIM 2.26 0.094 4.17 0.017 
ya3 ye4 

T IT IR. LBIM 2.29 0.102 4.47 0.016 
y&3 , ye6 

IRLBIM IT T 2.49 0.061 2.44 0.010 
y&4 ye2 

T IT IRLBIM 2.48 0.103 4.15 0. '016 
ya4 ye4 

IRLBIM IT T 2.60 0.055 2.10 0.009 
y&4 Ye6 

..... 
. 

..... ....... ........ 

,I 
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Appendix BI (HLA) 

Average values of weaving resistance (W and its statistical measures F 

for HLA fabrics 

Statistical Measures 

Fabric sample 
reference Mean value Standard Standard 

of 
W 

deviation Coefficient 
ojvariation 

error of mean 
r 

(oz/thread) 
a 

(oz), c. v. % S. E. 
(oz) 

2 
IHLAIM, T 

l 
IT 0.73 0.123 16.76 0.019 ye ya 

-41HLAIM I 
IT T 0.72 0.114 15.68 0.018 

Y& y ' 

2 
IT T '6 IHLAIM -, 0 . 78 0.087 11.13 0.014 

Y& ye 1 
T -'I T HLA IM 

2 2 
0.83 0.067 8.15 0.012 

ye y& 

4I 
HLA I M'- T 

2 
IT 0.79 0.082 10.31 0.015 

ye y& 

T IT- IHLAIM 
e6 2 

0.80 0. '070 8.73 0.011 
y y& 

T 
2 

IHLAIM 
3 

IT 0.93 0.077 8.25 0.012 
ye y& 

3 
IT 

4 
IHLAIM T 0.95 0.107 11.26 0.017 

Ye ya 

T IT -' IHLAIM 0.87 0.092 10.57 0.015 
y&3 ye6 

T IT- IHLAIM 
2 4 

1.03 0.053 5.18 0.008- 
ye y& 

41HLAIM 
T ' 

4 
IT 1.01' 0.101 10.012 0.016' 

a y0 y 

IM IT T 
6 

IHLA 1. 01 0.090 8.90 0.014 
ye ya4 I 1 

a 
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Appendix Bl (HLB)II 

Average values of weaving resistance (W 
r) 

and its statistical measures 

for HLB fabric 

Statistical Measures 

Fabric sample 
reference Mean value Standard Standard 

of 
W 

deviation Coefficient 
of variation error of mean 

r Cy C. V*% 
S. E. 

(oz/thread) (oz/thread) (oz/thread) 

IL 
IT T 

2 
IHLBIM 1.04 0.074 7.16 0.019 

ya Y. 

41HLBIM 
T 

a 
JT 1.10 0.105 9.50 0.019 

y y 

TI IT JHLBIM 1.07 0.114 10.62 0.017 
ya y 

T 
2 

IT 
2 

IHLBIM 1.15 0.113 9.77 0.018 
Y& ye 

41HLBIM 
T 

2 
IT 1.15 0.129 11.15 0.020 

ya y 

T2 IT 
r 
JHLBIM 

. 
1.14 0.128 9.62 0.020 

ya y 

3 
IT T 

2 
IHLBIM 1.24 0.128 10.26 0.020 

ye ya . 
T 

.4 
IHLBIM 

3 
IT 1.19 0.110 9.20 0.017 

ya Y 

T IT IHLBIM 
6 3 -1.20 0.135 11.28 0.021 

ye ya 

2 
JHLBIM T 41T 

1.36 0.133 9.747 0.021 
ye ya 

IHLBIM - IT T 1.35 0.180 13.36 0.028 
ye4 4 ya 

T 
e6 

IHLBIM 
a4 

IT 1.33 0.143 10.79 0.023 
y y 
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Appendix Bl (RLB) 

Average values of weaving resistance (W. ) and its statistical measures 

for RLB fabrics 

Statistical Measures 

Fabric sample 
reference Mean value Standard Standard 

of 
w 

deviation Coefficient 
of variation 

error of mean 
r 

(oz/thread) 
a 

(oz/thread) Cove% 
S. E. 

(oz/thread) 

T IT ' IRLBIM 
2 l 

1.13 0.148 13.07 0.022 y6 ya 
JT 

41RLBIM 
T 1.05 0.147 13.91 0.023 

y, ya 

T- JT - IRLBIM 
l 6 1'. 12 0.139 12.78 0.022 

ye ya 

T-,, - IT 
-I RLB I-M 

2 2 1.24 8.14 0.016 
ye y& 

Tý IT IRLBIM 1.24 0.107 8.64 0.017 
ya2 ye4 

T, IT 
61RLBIM 2 

1.20 A22 0. 10.19 0.550 
y& y 

IT IT 
, 

IRLBIM 1.36 '0. '114 13.44 0.029 
ya3 y02 

IRLBIM T 1 IT 1.29 0.139 10.74 0.717 
3 ye4 ya 

T IT 
ý 'IRLBIM 1.31 0.079'' 6.04 0.012 

Ya3 Ye6 

IRLBIM 
ý 

IT T 1.42 '0.114 8.04 0.018 
ye2 ya 

T -ý 
I T. 'ý' IRLBIM 

4 
1.37 0.114 8.35 0.018 

ya4 ye 

T- IT 
eý 

I RLB IM 
4 

1.50 0.137 9.08 0.022 
, ya y 
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Appendix_Bl 

Average, values of warp tension at the moment of beat-up (T ) and its 
y 

statistical measures, for HLB fabric and from L. H. S. 

Statistical measures 

Fabric sampl e, 
reference Mean value Standard Standard 

of- 
T 

deviation Coefficient 
opvariation 

error of mean 
y a % c v 

S. E. 
(oz/thread) (oz) . . (oz) 

T 
2 

IHLBIL 
1 

IT 1.67 0.082 4.91 0.018 ye ya 

-T 
IT 'IHLBIL 

4 l 
1.66 0.053 3.20 0.012 

y6 Ya 

-T 
IT IHLBIL 

e6 I 
1.71 0.056 3.25 0.012 

y ya 

TI IT IHLBIL 
2 2 

1.87 0.057 3.08 0.013 
ye ya 

IL, T 
4 

IHLB 
2 

IT 1. 86 0.059ý 3.19 0.013 
ye 1 y& 1 

T 
e6 

IHLBIL 
2 

IT 1.80 0.11 6.13 0.025 
y& y 

T 
2 

IHLBIL 
-3 

IT 2.03 0.047 2.31 -0.010 ye ya 

T 
4' 

IHLBIL 
3IT 

1.95 0.0'59, 3.02 0.013. 
ya ya 

T' IT IHLBIL 
6 3 

1.98, 0.070 3.54 0.016 
Ve Ya 

T IT IHLBIL 
2 4 

2.28 0.032 1.41 0.007 
y& ye 

T IT 1HLBIL 
4l 4 

2.25. 0.075 3.39 00017 
ye ya 

6 
IHLBIL T 

4 
IT 2.19 0.059 2.67 0.013 

ye Va 
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Appendix 
_'Bl 

Average values of warp tension at the moment of beat-up (T 
y) 

and its 

statistical measures for RLB fabrics from L. H. S. 

Statistical measures 

Fabric sample 
reference Mean value Standard Standard 

of 
T 

deviation Coefficient 
oivariation 

error of mean 
y a 

Cove% 
S. E. 

(oz/thread) (oz) (oz) 

T 
2 

IRLBIL 
i 

IT 1.77 0.054 2.84 0.011 
ye ya 

I 
IT T 

e4 
IRL'BIL 1.74 0.090 5.20 0.020 

ya y 

I 
IT T 

6 
IRLBIL 1.74 0.086 4.95 0.019 

ya ye 

, T - 
2 

IRLBIL 
2 

IT 1.98 0.070 3.54 0.016 
e a y y 

IRLBIL IT T 1.99 0.127 6.38 0.020 
ye4 ya2 

T 
e6 

IRLBIL 
2 

IT 1.97 0.123 6.22 0.019 
y ya 

21RLBIL 
T 

3 
IT 2.18 0.084 3.86 -0.013 

y, ya 

4 
IRLBIL T 

3 
IT 2.16 0.053 2.47 0.008 

ye y& 

T 
e6 

IRLBIL 
3 

IT 2.11 0.068 3.22 0.011 
y ya - 

T 
e2 

IRLBIL 
4 

IT 2.31 0.121 5.23 0.019 
y Ya 

IRLBIL IT T 2.32 0.084 3.60 0.013 
ye4 y&4 

T 
a4 

IT 
Ye6 

IRLBIL 2.65 0.073 2.75 0.016 
y 



615. 

f 

Appendix Bl 

Average values- of warp tension at the moment of beat-up (T 
y 

and its 

statistical measuVes for HLB fabrics from R. H. S. 

Statistical measures 

Fabric sample 
reference Mean value Standard Standard 

of 
T 

deviation Coefficient 
ofvariation 

error of mean 
y CF c. v. % S. E. 

(oz/thread) (oz) (oz) 

T IT' IHLBIR 
2 l 1.64 0.050 3.07 0.011 ye ya 

T 'I jT 'e 
4ý 

JHLBIR 1.59 0.039 2.47 0.012 
ya Y 

T 
6 

IHLBIR 
I 

IT 1.60, 0.072 4.48 0.016 
ye ya 

2 
IHLBIR T 2 

JT 
1.74- 0.070 4.03 0.016 

Y0 ya 

T ' 
4 

IHLBIR 
2 

IT 1.74' 0.074 4.25 0.016 
Y0 a y 

T IT ' IHLBIR 
6 2 1.74 0.060 3.43 0.013 

ye y& 

T 'jT' IHLBIR 
2 3 1.93 0.080 4.14 0.002 

. ye ya 

T "IT"JUBIR 3y4 1.90 0.063 3.34 0.014 
y 

-IýLBIR T' 'IT ý' e6 3 1.93'. 0.050 2.61 0.011 
y y& 

T "IT'"14LBIR 
e2 4 2.08 0.067 3.21 0.015 

y y& 

'"4 IHLBIR T 4' 
IT 2.06 0.036 1.77 0.008 

y ya 

T, 'IT"-'IHLBIR 2.03 , - 0. , 047 2.31 0.010 
ya4 ye6 
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Appendix Bl 

Average values of warp tension at the moment of beat-up (T 
y) 

and its 

statistical measures for RLB from R. H. S. 

I 
Statistical measures 

Fabric sample 

reference 
Mean value Standard 

Coefficient 
Standard 

of deviation 
o Fvariation error of mean 

T 
Y- 

a . 
c. v. % S. E. 

(oz/thread) (oz) (oz) 

T IT IRLBIR 1.74 0.055 3.13 0.012 
ya2 ye2 

T 
4 

IRLBIR 
a 

JT 1.73 0.060 3.51 0.013 
y Ye 

T 
3LIT r 

JRLBIR 
a 

1.63 0.048 2.93 0.016 
y y 

T 
a2 

LT 
21RLBIR 

1.85 0.163 8.85 0.036 
y y 

T IT 'IRLBIR 
2 4 

1.89 0.057 3.01 0.013 
ye Ya 

T 
21T 

'6 IRLBIR 1.87 0.057 3.08 0.013 
y0 ya 

T 
31T .2 

IRLBIR 2.08 0.127 6.09 0.020 
ya Y 

T R 
e4 

IRLB1 
a 31T 

2.03, 0.047 2.31 0.015 
y y 

. 
T 

31T 6 
IRLBIR 

. 
1.99 0.127 6.38 0.020 

y0 ya 

T 
2 

IRLBIR 
4 

IT 2.28 0.032 1.41 0.007 
y. ya 

T 
4 

IRLBIR 
4 

IT 2.20 0.059 2.67 0.013 
ye ya 

T- IT IRLBIR 
e6 4 

2.48 0.076 3.06 0.017 
ya y 
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Measured values of sections of and the complete cloth width 

(i. e. 
WL 

9 
WM 

9 
WR 

$ 
WRS 

and WT ) 

Sample I' W Vý 
reference m R 

and number (inch) (inch) (inch) (inch) 

1 17.31 25.06 21.75 64.13 

2 17.25. 25.06 21.87 64.19. 

3 17.25 25.12 21.75 64.13 

4 17.19 25.12 21.75 64.06 

T IT IHLA 5 17.25 25.00 21.81 64.06 
yal yo2 

6 17.19 24.81 21.75 63.75 

7 17.19 24.94 21.87 '64.00 

8 17.25 25.19 21.75 64.19 

9 17.25 25.12 21.94 64.31 

10 17.37- 25.07 21.94 64.38 

1 17.25 24.88 21.69 63.81 

2 17.19 24.94 21.62 63.75 

3 17.19 25.00 21.56 63.75 

4 17.25 24.94 21.62 63.81 

5 17.25 24.94 21.56 _ 63.75 
T 4 

IHLA 
2 

IT 
ye Y8 6 17.19 24.88 

. 
21.62 63.69 

7 17.19 24.88 21.69 63.75 

8 17.25 24.94 21.69 63.87 

9 17.25 24.94 21.69 63.87 

10 17.19 25.00 21.62 63.81 

.1 
17.44 25.10 21.69 64.19 

2 17.44 25.06 21.81 64.31 

3 17.31 25.06 21.75 64.13 

4 17.25 25.00 21.75 64.00 

5 17.25 24.94 21.69 63.87 
T'al IT 

ye 6' 
IHLA 

6 17.19 24.94 21.62 63.75 

7 17.13 25.00 21.56 63.69 

8 17.. 19 24.94 21.75 63.87 

9 17.25 24.94 21.75 63.93 

10 17.25 24.94 21.75 63.94 
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Sample 111 'In "I 

reference L T 

and number (inch) (inch) (inch) (inch) 

i 17.19 25.00 21.69 63.87 

2 17.2q 25.00 21.75 64.00. 

3 17.19 25.00 21.87 64.06 

4 17.31 25.00 21.81 64.13 

T IT JýLA. 5 17.25 25.06. 21.75 64.06 
ya2 lye2 6 17.25 25.06 21.69 64.00 

7 17.25 24.94 21.75 63.94 

8 17.13 24.94 21.81 63.87 

9 . 17.19 25.00 21.81 64.00 

10 17.19- 25.00 21.94 64.13 

1 17.31 25.19 21.69 64.19 

2 17.31 25.19 21.69 64.19 
P. 

%A 
17.31 25.06 21.75 64.13 

4 17.25 25.00 21.75 64.00 

5 17.25 25.00 21.75 64.00 
T IT I HLA 

y&2 ye4 6 17.31 24.88 21.75 63.94 

7 17.31 24.81 21.81 63.94 

8 17.13 24.87 21.69 63.69 

17.19 24.87 21.75 63.81 

10 17.19 24.87 21.75 63.87 

1 17.31 25.06 21.56 63.94 

2 17.37 25.06 21.69 64.06 

3 17.31 25.00 21.69 64.00 

4 17.25 25.06 21.62 63.94 

5 17.19 25.12 21.56 63.87 
T IT IHLA, 

y. a2 yo6 6 17.19 24.94 21.75 63.87 

7 17.25 . 
25.00 21.75 64.00 

8 17.19 25.00 21.69 63.87 

9 17.25 25.00 21.62 63.87 

10 17.13 25.00 21.75 63.87 
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Appendix B2'(Continued) 

Sample 11 W w 1ý 
reference L M R 

and number (inch) (inch) (inch) (inch) 

17.25* 24.94 21.69 63.87 

2, 17.19. 25.00 21.62 63.81. 

3 17.. 13 25.00 21.56 63.69 

4 17.13 25.00 21.50 63.62 

5 17.13 25.00 21.56 63.69 
IHLA IT -T 19 17 25 2 2 63 7 ye2 y&3 6 . . 00 1.6 . 5 

7 .17.19 24.94 21.56 '63.69 

8 17.13 24.87 21.50 63.50 

9 17.19 24.88 21.62 63.69 

10 17.19- 24.87 21.62 63.69 

1 17.19 24.94 21.62 63.75 

2 17.19 24. '94 21.62 63.75 

3 17.13 25.00 21.56 63.69 

4 17.19 24.94 21.56 63.69 

5 17.13 24.87 21.56 63.56 
IHLA' T IT 

YG 4 ya3 6 17.13 24.81 21.56 63.50 

7 17.06 24.87 21.56 63.50 

8 17.06 24.87 21.56 63.50 

17.13 24.81 21.56 63.50 

10 17. OB 24.81 21.69 63.56 

1 17.25 24.88 21.75 63.87 

2. 17.31 24.81 21.75 63.94 

3 17.25 25.00 21.69 63.94 

4 17.19 25.00 21.62 63.81 

5 17.19 25.00 21.37 63.56 
T IT IHLAý 

6 ya3ye. 6 17.19 24.94 21.62 63.75 

7 17.31 25.00 21.62 63.94 

8 17.31 24.94 21.69 63.94 

9 17.31 25.00 21.75 64.06 

10 17.31 25.00 21.75 64.06 

.II 

-H 



Appendix B2 (Continued) 

Sample W VI W 

reference L R T 

and number, - 
(inch) 

. 
(inch) (inch) (inch) 

17.06 : 24.94 21.50 63.50 
2- 17.13. 24.94 21.56 63.62* 

3- 
. 
17.06 "24.94 21.56 63.62 

4 17.13 24.87 21.62 63.62 

.5 17.13 24.87 -21.62 63.62 
T T JHLA' ' 

Ya4 ye 2 

- 
17.19' 24.94 21.62 63.75 

7 17.06 24.87 21.69 63.62 

13 1711.19 24.88 21-. 62 63.69 

9 17.13 24.87 21.62 63.62 

'10, 17.25- 24.88r 21.62 63.75 

ýl 17.13 24.75 '21.69 63.56 

2 17'. 19 24.81 21.62 63.62 

17.06ý 24.81 21.69 63.56 

4 17.06 24.81 21.69 63.56 

5 17.13 24.81 21.62 63.56 
- T T HLA ' 1 

. 
ya4 ye 4 6 17.06 24. 81 21.69 63.56 

.7 17.19 -24.81 21.69 63.69 

8 17.19 24.81 21.69 63.69 

9 17.13- 24.87 21.56 63.56 

10 17.13 24.87 21.62 63.62 

17.19, -24.81 21.69 63.69 

2 17.19 24.81, 21.69 63.69 

3 17.13- 24.88 21.69 63.69 

4 17.06 24.94' 21.62 63.62 

5- 17.13 21.56 63.56 

Ty'a, 4T ye6 
HLA 17.06 24.88. 21.56 63.50 

7 17.13 24.87 21.56 63.56 

8 17.13- 24.87ý' 21.69 63.69 

9 17.25 24.87 21.75 63.87 

'31 17. 24.94 21.75 64.00 
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Sample W Iý w w 
reference L M R RS 

and numbe-z (inch) (inch) (inch) (inch) (inch) 

1 19.75 16.94 17.06 10.31 64.12 

2 19.75 17.00 17.00 10.25 63.95 

3 19.81 16.94 17.00 10.25 64.00 

4 19.75 17.00 17.00 10.10 63.93 

5 19.75 16.94 17.06 10.18 63.93 

IHLB 6 IT T 
19.81 16.94 17.12 10.18 64.05 

1 .2 ya y7 19.81' 17.00 17.00 10.31 
. 
64.18 

8 19.4 17.06 17.00 10.25 64.25 

9 19.87 17.06 17.06 10.37 64.44 

10 19.87 17.00 17.06 10.37 64.50 

11 19.81 17.00 17.12 10.44 64.50 

12 19.81 17.00 17.12 10.37 64.25 

1 19.75 17.00 17.00 10.25 '64.00 

2 19.81 17.00 17.06 10.18 64.05 

? 19.81 17.00 17.06 10.31 64.18 

4 '19.81 16.94 17.00 10.31 64.06 

5 19.69 16.94 17.06 10.31 64.00 

6 19.75 17.00 17.00 
. 
10.25 64.00 

IHLB T jt ' * 
_7 Y04 ya 19.81 17 .. 00 17.12 10.18 64.11 

8 . 19.75 17.00 17.06 10.12 63.93 

9. ý 19.81 17.00 17.06 10.18 64.05 

10 19.87 17.00 17.06 10.25 -64.18 

11 19.81 16.94 17.06 '10.12 63.93 

12 19.75 16.87 17.00 10.18 63.80 

1 19.75 16.94 17.06 10.18 63.93 

2 19.69 17.00 17.00 10.25 
. 63.94 

3 19.75 17.00* 
. 
17.00 1U. 25 64.00 

4 '19.75 17.00 17.00 10.25 64.00 

5 19.81 17.00 17.06. 10.12 63.99 

6 '' 
i9.75 17.66 17.00 10.18 63.99 

IHLR T IT 
yal ye6 7 19.75 16.94 17.06 10.25 64.00 

8 19.81 17.00 17.12 10.25 64.18 

9 19.75 17.00 17.06 10.31 64.12 

10 19.75ý 17.00 17.06 10.31 64.12 

19.75 17.100 17.06 10.81 63.99 

12 19 . 7ý5 17.00. 17.00 10.25 614.00 
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Sm. ple W WM 'In W 'I 

reference L RS T 

and number (inch) (inch) (inch) (inch) (inch) 

19.87 16.94 17.06 10.25 64,12 

2 19.81 17.06 17.06 10.31 64.24 

3 19.87 17.00 17.12 10.37 64.36 

4 19.87 17.06 17.06 10.31 64.30 

5 19.87 17.06 17.12 10.31 64.36 

T IT' IHLBý , 
20.00' 17.06 17.12 10.44 64.62 

ya2 ye2 7 19.94 17.00 17.06 10.25 . 64.28 

8 19.87 17.00 17.06 10.25 64.18 

9 19.87 17.00 17.06 10.18 64.11 

10 19.75 17.00 17.06. 10.18 
. 
63.99 

3.1 19.87 17.00 17.06 10.31 64.24 

12 
. 
19.87 17.00 17.06 10.18 

. 
64.11 

1 19.81 16.94 17.06' 10.25 64.06 

2 ý19.75 16.94 17.06 . 10.25 '64.00 

3 1§. 81 17.00 17.00 10.25 64.06 

4 19.87 17.00 17.06 10.25 64.18 

5 
ý19.87 

17.00 17.06 . 
10.25 64.18, * 

6 19.87 17.06 17.06 
. 
10.25 64.24 

IHLB IT T ' ' 7 ye4 ya2, 19.87 17,06 17.06 
. 
10 . 18 64.17 

8 19.81 17.00 17.06 '10.25 *64.12 

q 19.75 '17.00 17.06 10.25 64.06 

10 19.81, 16.94 17.06 10.31 64.12 

11 19.75 16.94 17.06 10.31, 64.06 

12 19.75, 17.00 17.06, 10.25 64.06 

17.00 '06 17. M25 64.12 

2 19.81 17-. 00 17.06 10.25 . 64.12 

3, 19.75 17. M 
. 
17.00 10.18 63.99 

4 19.81'. 17.06- 17.06 '10.18 64.11 

5 19.87 17.06', 17'. 06, 10.18 64.17 

6 19.87ý, 17.06 17.06 10.18 64.17 
'T' IT- IHLB , ,- I 

Ya2- ye6 7, 19.87, 17.06, 
, 

17.12 10.25 64.30 

8 19.81- 17.06-- 17'. '06' 10.25 64.18 

9, 19.87 17.06 17.12 10.31 64.36 

. 
10 19.94., 17.06, 17.12 10.25 64.37 

If 20.00' 17.06 ý'17. OG 10.25 64.37 

12'_ 19.87, 17.00, 17.06-, 10.25 64.18 
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A2peiidix B2 (Continued) 

Sample WL '114M w w 'I 

reference R RS T 

and number Jinch) (inch) (inch) (inch) (inch) 

1 19.75 17.00 17.00 10.25 64.00 

2 
. 
19.75 17.00 17.06 10.31 64.12 

3 19.87 17.00 17.12 10.31 64.30 

4, '19.87 17.00 17.12 10.31 64.30 

5 19.87 17.06 10.31 
. 
64.24 

JHLB 6 IT * T 
19.81 17.00 17.06 10.25 64.12 

YO ya3 2 
7' 19.81 17.00 17.06 10.25 

. 
64.12 

8 19.81 17.00 17.06 10.31 64.18 

9 19.81 17.00 17.06 10.25 64.12 

10 19.87 17.00 17.12 10.25 64.24 

11 19.87 17.00 17.12 10.31 64.30 

12 19.81 17.00 17.06 iO. 37 64.24 

1 19.69 16.94 17.00 10.25 63.88 

2 19.69 17.00 17.00 10.25 '63.94 

3 10.69 17.00 17.00 10.18 63.87 

4 19.81 17.00 17.00 10.18 63.99 

5 19.87 17.00 17.06 10.31 64.24 

6 19.87 17.00 17.06 
. 
10.31 64.24 

1 HLB,, T IT 
.4 Ya3 y7 19.81 17.00 17.06 '10.31 64.18 

8 ,. 1: 9.87 17.00 17. i2 10.31 64.49 

9. 19.81 17.00 17.06 J0.31 64.18 

10 19.75 17.00 17.06 
. 
10.25 64.06 

11 19.75 16.. 94 17.06 
. 
10.25 64.00 

12' 19.81 16.94 17.00 10.25 64.00 

1 19.81 17.06 17.06 10.31 64.24 

2 19.81 17.06 17.06 10.25 
. 
64.18 

19.81 17.00 
. 
17.00. 10.31 64.12 

4 19.87 17.00 17.06 10.25 64.18 

5 19.87 17.00 17.06 10.25 64.18 

6 19.87 17.00 17.12 10.31 64.30 
T JHLB 

ya3 yG6 7 19-81 17.00 17.06 10.25 64.12 

8 19.81 17.00 17.00 10.25 64.06 

9 19.69 16.94 17.00 10.25 63.88 

10 19.75, 16.94 17.06 10-18 63.87 

11 '19.75 16.94 17.00 10.25 63.94 

12 19.81. 17.00 
1 

17.00 10. '25 611.06 
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Sample. 11 WM wR w 'I 

reference 
L RS T 

and number (inch) (inch) (inch) (inch) (inch) 

1. 19.87 16.94 17.06 10.31 64.18 

2 19.81 16.94 17.06 10.25 64.06 

3 19.81 16.94 17.06 10.25 64.06 

4 19.81 16.94 17.06 10.25 64.06 

5 19.87 16.94 17.06 10.25 64.12 

6 
T IT JHLB 

19.81 16.94 17.06 10.31 64.12 
, y&4 Y02 -7 19.75 17.00 17.06 10.31 

. 
64.12 

8 19.87 17.00 17.06 10.18 64.11 

9 19.87 17.00 17.06 10.25 64.18 

10 19.87 16.94 17.06 10.31 
. 
64.18 

11 19.87 16.94 17.06 10.31 64.18 

12 19.94 17.00 17.06 10.37 
. 
64.37 

1 19.75 16.94 17.00 10.31 '64.00 

2 19.75 16.94 17.00 10.12 63.81 

3 19.81 16.87 16.94 10.25 63.87 

4 19-81 16.94 17.00 10.12 63.87 

5 19.87 16.94 17.06 10.25 64.12 

6 19.81 17.00 17.06 
. 
10.18 64.05 

T 
ya4 

IT 
Y04 

IHLB' 
7 19.75- 16,,. 87 17.00* 10.25 63.87 

8 . 
19.69 16.94 17.60 10-18 -63.81 

9'. 19.69 16.94 17.00 63.81 

10 19.69 16.94 17.00 10.18 63.81 

11 19.62 16.87 17.00 10.25 63.74 

12 19.75 16.94 17.00 10.31 64.00 

1 19.69 16.94 17.00 10.18 63.81 

2 19.69 16.94 17.00 10.19 
. 
63.81 

3 19.75 16.94, 17.00 1G. 18 63.87 

4ý 19-81 16.94 17.06 -10.18 63.99 

5 19.81 16.87 17.00. 10.18 63.86 

6 ig. 75 16A4 17.06 10.25 64.00 
T IT, IHLB 

y&4, Ye6L 7 19.60 16.87 17.06 10.25 63.87 

8 19.169 16.94 17.00 10.25 63.88 

9 19.75 16.94 17.00 10.25 63.94 

10 19.69 16.94 17.06 10.18 63.87 

11 19.75 16.94 17.00 10.25 63.94 

12 19.62 16.94 17.00 10.25 63.81 
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Sample W WM W 11 W 
reference L R RS T 

and number (inch) (inch) (inch) (inch) (inch) 

1 19.75 17.06 16.94 10.12 63.87 

2 19.81 17.06 16.94 10.12 63.93 

3 19.75 17.06 16.94 10.12 63.87 

4 19-81 17.06, 16.94 10.12 63.93 

5 19-81 17.06 16.94 10.12 63.93 

6 19-81' 17.06 16.94 10.18 63.99 
IRLB T IT 

ys2 ya2 7 19.75 17.00 16.94 10.06 63.75 

8 19.75 17.06 16.94 10.18 63.93 

9 19.81 17.00 17.00 10.18 63.99 

. 
10 19.75 17.00 16.94 10.12 63.81 

11 19.69 17.00 16.94. 10.06 63.69 

12 . 
19.69 17.00 16.94 10.12 63.75 

1 19.69 17.00 16.94' 10.18 63.81 

2 19.75 17.00 16.94 
. 
10.18 '63.87 

3 19.69 17.00 17.00 10.12 63.81 

4 1P. 75 17.00 17.00 10.18 63.93 

5 19.69 17.00 17.00 10.12 63.81 

6 19.69 16.94 17.00 10.12 63.75 
IRLB T IT 

ya, Y94 7 19.56 17,27 17.00 
. 
10.00 63.43 

8 . 
19.69 16.94 16.94 10.18 63.75 

9. 19.62 16.94* 17.00 1042 63.68 

10 19.62 16.87 17.00 
. 
10.12 *63.61 

11 19.6_2 16.87 16.94 10.12 63.55 

12 19.69 16.94 16.94 10.12 63.69 

1 19.69 17.00 17.00 10.18 63.87 

2 19.75 17.06 16.94 10-18 
. 63.93 

3 19.81 17.06 16.94 10-18 63.99 

4 19.75 17.06 
. 

16.94 '10.12 63.87 

5 19.75 17.06 3: 6.94 10.12 63.87 

6 
IRLB IT T 

19.75 17.00 17.00 '10.12 63.87 
yo6 ya2 

.17 
19.69 17.00 16.94 10.12 63.75 

8 19.62 -17.00 16.94 10.12 63.68 

9 19. '69 17.00 16.94 10.12 63.75 

lo 19.69- 17.00 16.94 10.12 63.75 

11 19.69 17.00 16.94 10.18 63.81 

12 19.69 
. 

17.00 
. 

lG. qL1 
. 

10.18 
. 

63.81 

0 



Ap pendix B2 '(Continued) 
I 

Sample W w WR W 'I 

reference L RS T 

and number (inch) ý(inch) (inch) (inch) (inch) 

19.75 16.94 17.00 10.25 63.94 

2 -19.75 16.94 17.00 10.31 64.00 

3 19.75' 17.00 17.00 10.25 64.00 

4 19.69 17.00, ' 17.00, 10.25 63.94 

. 
5, 16.94 16.94 10.18 63.68 

6 19.69 16.87' 16.94 10.18 
. 

63.68 
IT IRLB T 

y &2 ye 2 7 19.62 16.87 16.81 10.12 63.42 

8 19.62 16.87 '16.87, 10.18 63.54 

9 ý19.69, 16.87 16.94 10.25 63.75 

10 1: 6.914 16.94 10.12 
. 
63.81 

llý 19.69 16.94 16.94 10.18 63.75 

12 19.69 16. '94 16.87 10.18 63.68 

19.69' 17.06 17.06 10.25 '64.06 

2 19.69 17.00 17.00 10.25 63.94 

3' 19.75 17.00 17.06 10.25 '64.06 

4 19.75 17.00 17.00 10.12 63.87 

5 19.62 ''ý'16.94 16.94, 10.12 63.63 

6 19.62ý -16.94 16.94 : 10.12 63.63 
T IT' IRLB 

2 ya ye4 7, ý19-69 , 16,94 16.94 10.18 63.75 

8 
ýý. 

19.621, 16.94 16.94 10.12 -0.62 

. 9. . 19.56 ý16.87 -16.94, 63.62 

10- 19.50 16.94' 17.00, 
. 
10.25 63.69 

ll, 19.44 17.00 17.00 
. 
10.25 63.69 

. 
12 19.62 17.06 17.06 10.31 " 64.05 

19.69 1ý. Oo 17.00 10.06 63.75 

ý'2 19.69 17.00 17.00 10.06 63.75 

3 19.69, 17.00' 17.00 16.12 63.81 

4 19.62 16.94, 16.94 '10.12 63.62 

5 19.56_ 17.00 16.94 
. 
10.00 63.50 

6 
T RLB T 

19.62 16.94 17.00 10.06 63.62 

ya2,1 Y06 7 19.6ý2 16.87 16.87 10.12 63.48 

8 19.62 16.87 16.94 10.06 0.119 

9 
. 
19.69 16.87 16.94 10.06 63.56 

-Iý3.0 _1-, 
19.69ý 

1 
16.94 16.94 ý 10.00 63.57 

19.69ý 16.94, 17.00 10.06 63.69 

12 17. '00 
-17.00 10.12 G3.81 
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Appendix B2 (Continued) 

Sample 
reference 

WL WM WR WRS 'IT 

and number (inch) (inch) (inch) (inch) (inch) 

1 19.50 16.75 16.87 10.25 63.37 

2 19.62 16.81 16.87 10.25 63.55 

3 19.69 16.94 16.94 10.25 63.82 

4 19.75 16.94 16.87 10.18 63.74 

5 19.69 16.87 16.87 10.12 63.55 

IRLB 6 T IT 19.56' 16.87 16.87 10.06 63.36 
ya3 Y02 

7 19.50 16.87 16.81 10.06 63.24 

8 19.50 16.87 16.81 10.06 63.24 

9 19.56 16.81 16.81 10.12 63.30 

10 19.56 16.81 16.81 10.12 63.30 

11 19.56 16.81 16.81 10.12 63.30 

12 . 
19-50 16.81 16.81 10.06 

. 
63.18 

1 19.50 16.81 -16.69* 10.06 63.06 

2 19.44 16.81 16.69 10.12 63.06 

3 19.50 16.81 16.75 10.12 63.18 

4 19.56 16.81 16.81- 10.06 63.24 

5 19.56 16.81 16.75 
. 

10.06 63.18 

6 19.69 16.87 16.81 10.00 63.37 
T 

1T ' IRLB ' 
' ya3 ye 4 7 19.31 16 . 81 16.75 10.06 62.93 

8 . 
19.44 16.81 16. *75 10.06 -63.06 

9. 19.44 16.81 16.75 10.06 63.06 

10 19.44 16.81 16.69 10.06 63.00 

11 19.50 16.81 16.75 
. 

10.06 63.12 

12 19.50 16.81 16.69 10.06. 63.06 

19.56. 16.87 16.87 10.18 63.48 

2 19.69 16.87 16.87 
. 
10.25 63.68 

3 19.62 16.81 16.87 10.18 63.48 

4 -19.69' 16.87 16.87 10.12 63.55 
5 '19.62 16.87 i6.87 10.00 63.36 

T IT IRLB 6 19.56 16.87 16.81 10.00 63.24 
Ya3 y 7 19.56 16.81 16.75 10.12 63.24 

8 19.56 16.81 16.81 10.12 63.30 

9 19.50 16.75 16.81 10.12 63.18 

10 19.. 56 16.81 16.81 10.12 63.30 

11 19.56 16.81 16.81 10.12 63.30 

12 '19.56 16.87 16.81 10-12 63-nr. 
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Appendix B2 (Continued) 

Sample W w ý VI W VI 
reference L m R ns T 

and number (inch) (inch) (inch) (inch) (inch) 

1 19.62 16.94 16.87 10.12 63.55 

2 19.62 16.94 16.87 10.06 63.49 

3 19.62 16.94 16.87 10.12 63.55 

4 19.62 16.87 16.87 10.06 63.42 

5' 19.62 16.87 16.87 10.06 
. 

63.42 

6 
T IRLB IT 19.56 16.81 16.87 10.12 63.36 
ya4 Y02 7 19.62 16.87 16.94 10.06 

. 
63.49 

8 19.62 16.87 16.94 10.12 63.55 

9 19.69 16.81 16.87 10.12 63.49 

10 19.50 16.87 16.87 10.06 63.30 

11 19.44 16.87 17.00 10.06 63.37 

12 - 19.50 ý 16.87 16.94 10.12 61.43 

1 19.50 16.87 16.87 10.12 63.36 

-2 
19.69 16.87 16.94 10.06 -63.56 

3 19.62 16.87 16.87 10.00 63.36 

4 19.62 16.87 16.87 10.00 63.36 

5 19.62 16.87 16.81 10.00 63.30 

6 19.56 
. 
16.87 16.81 10.06 63.30 

T IT IRLB 
y "4 YS4 7 19.56 16.81 16.87 10.06 63.30 

8 . 19.56 16.81 16.87 10.06 63.30 

9. 19.62 16.87 16.81 10.06 -63.36 

10 19.50 16.87 16.87 
ý10.06 

63.30 

11 19.56 16.87 16.87 -10.06 63.36 

12 19.56 16.87 16.81 10.12 63.36 

1 19.69 16.94 16.87 10.12 63.62 

2 19.81 17.00 16.87 10.12 63.80 

3 
'19.81 

16.94 16.87 10.06 63.68 

4 
. 
19.75 16.94 16.87 10.06 63.62 

5 19.62 16.94 16.81 9.94 63.31 

T IT I. RLB 
6 -19.62 16.94 16. al 10.00 63.37 

ya4 yo 7 19.56 16.87 16.81 10.12 63.36 

8 19.56 16.87 16.81 10.06 63.30 

9 19.69 16.87 16.87 10.06 63.49 

. -. 
lo 19.62 16.87 16-8i 10.06 63.36 

19.69 16.94 16-94 10.06 63.63 
12 19.62 1G. 94 16.87 10.12 All - M; 



Appendix B3 

Evaluation of coefficient of yarn against yarn, P, using dyed yarn 

as yarn B, and undyed yarn as yarn B (r. 4.29) 

number o. f 
test 

OA 

(degrees) 

0 
A' 

(radian) 

t 
I. 

(ozs) 

t2 

(ozs) 

In tI /t2 

0A 

1 7.94 0.138 1.18 1.20 0.116 

2 8.40 0.147 1.29 1.31 0.101 

3 8.40 0.147 1.39 1.43 0.159 

4 10.27 0.179 1.48 1.52 0.144 

5 9.80 0.171 1.38 1.40 0.089 

6 10.27 0.179 1.57 1.61 0.147 

7 10.73 0.187 1.43 1.46 0.118 

8 10.73 0.187 1.53 1.58 0.140 

9 9.33 0.163 1.22 1.25 0.165 

10 9.72 0.170 1.23 1.28 0.199 

11 9.72 0.170 1.15 1.18 0.179 

12 9.72 0.170 1.27 1.30 0.136 

13 9.72 0.170 1.25 1.28 0.114 

629. 



t 

Ap2endix B3 

Evaluation of'coefficient of yarn against yarn, p, using undyed yarn 

as yarn A and B (F. 4.29) 

number of 
test 

0A 

(degrees) 

0A 

(radian) 

tI 

(ozs) 

t2 

(ozs) 

Ln tI lt2 

OA 

7.94 0.138 2.54 2.58 0.120 

2 8.40 0.147 2.49 2.53 0.115 

3 6.07 0.106 2.52 2.56 0.122 

4 8.40 0.147 2.58 2.62 0.124 

5 '8.87 0.155 2.72 2.79 0.171 

6 9.80 0.171 2.93 3.02 0.179 

7 10.27 0.179 2.61 2.68 0.155 

8 7.94 0.138 2.82 2.87 0.108 

9 10.73 -0.187 2.82 2.89 0.133 

10 11.65 0.203 2.47 2.53 0.112 

11 9.79 0.171 2.43 2.43 0.152 

12 9.33 0.163 2.43 2.48 0.119 

13 9.33 0.163 2.51 2.55 0.098 

1 4- 9.33 0.163 2.47 2.52 0.130 



631. 

4-4 

4-J 
ro 
4-J 
to 

OF! 
0 

V 

r. I 
, rj 

4--l 

4-1 

0 

4-0 
, r4 

0 

AQ 0 
. ri 
4-J 

. rj ro 
10 x 

4-1 

ý4 
0) 

4-4 
t" 

I 
ro 

cil 

"rI 

0) 
tko 
0 
ra 

Ir. ci 

a) V) 
bo -0, 
(a r-i , 4-J C14 
r- 

-A, Q) 
0 V) 

lid 

E-4 

(1) 11.1 C14 
4J 
(a 

CN 
to 

U'j 0 
l 

0 0 C*4 --t _: t 
4J 0 c i LO CY) 

0 
co Cl cn 

co V C*4 0 0 0 0 4 r4 r= 0 0 
r-i (D 

CY) to t- CY) t- LO to 4.0 

0 
$: q 4) 

E- 
- 

CV) LO to r- 0) H CV IN 

Cý 1; C4 Cý C4 4-0 p 
(Ij E- 
ri a) 
4-1 

0 C4 
I 
ID. co F-4 m Lr) 

E- t- 0 H --t -t _-r 
r-I 0 r-A CN C4 C4 Cý Cý 

clý I 3 
A > . 
ro E-4 

to 

to o') LO to t- 
. C; E-4 H CV) C14 CV) LO co CC) co 

H N C4 C4 C4 C4 C4 
E- Z 

0) co CO 0 OD N 04 0 0 
C*4 0 r-I 0 r-i (D co 40 to E- 
0 LO 

6 
Cý Cý 1ý 

"I CY) 0) CY) ca CC) CO co co co 

E-4 

Cl) 

0 r- ce) 0) a) cr) to to Q) 'D o Lo c) cq co C-4 C'i 
p E- 
Q) r-i to 0 CD lco 

4-4 0') C) C) cc) co OD co 00 CD 
a 
N 

4-1 
0 

cq a) 0 CN r-I H C") M V) LO 
V) >, f-i (0 t- N 0 LO 

E-4 o 
(0 

, C) - Cf) (D (31 0" m Co Co Co > ., i , cli al (» Co Co Co Co Co Co 
H H r-i H r-I H H 

bo 
9 4 

cli 
0 C14 r-4 LO ce) (N 0- cy) 0 
>ý (. 0 co (3) "1 0 _-r 0 0 0 

E-4 
LO r- H 0 0 C; 

14 
ý C) 0) (3) 0) 0) (7) c)) (7) 071 

do H r-4 f-I F-i H r-I I-i r-I rq N 
E- 

0 r. 
0 Irl 0 

4-J -, I 
r($ 4J 

C/3 Cý 
E--ý* E-r Erý 

*ri 
., 

w T) 

0) 0 



632. i 

A, to , u 

J. rl 

cn , 

4J ý (a , 4 -ý 
4J. 

SO 

0 

P 

=I- 10, pq 

xý. 
o" 

H, j 
4-1 

4J 
0, -, 

4-4, 

" Ci) 
C). 

a 104 

a) 

tö - 

9) ' , (A 
' b0 ý U) 

(13 r-i , 

' C) . to 

0) ý -CJ 
', ' 4 ý 

"., 
4 ý- 

F-1 rz 
' 

4J 
(a ' E--4 

04 
C14 

0 
0 

CV) 
U) 

to 
(D 

(3) 
(D 

N 
co 

0 
co 

Cf) 
cy, ý 

, 

It N cr) Cl) Cf) cr) 0) cr) 
ow 
N 

E- 
0 

ri 

CIA 
, 4-1 N 0 0, (D t- CV) CV) co (7) 

LO (D 0 C%j Lr) U: ) 

(D 
C4 C4 

Z 
i E-4 

0- N 
4", ' En 

1 W'. 
N 

I 

o)-. 6" - 
04'ý- H to, 'i , C-4 t' 

C) 
E- 

I- 
C14 LO 

.- 
9 Cý V! Cý 

LO Lf) Lr) 

Z 

bO 

N o co LO (D 
m Cn (7) 

, 
co 

, 
CV) co 

to to 

' cr) 0 -t I CY) ýl (D - cn co ur) 

N E-4 U) t- A --r Cq --I , (p 
I 

k 
"' -- , - C'4 ý co rý - '. 0 Lý Lý V; f" 

, 
I, 

ow , 
I 
ý 

t- 
H 

(D 
- H 

(D (D - (D W 40 to to 

N 

0 1 (3) to 
. 

co rý -, C) C. ) Ln cc) I H 0 00 . 0. t- 

I 
_: r 

* 
C*4 

I 
m, ol, 

1 -0 
I 

1 
If (L) 

4-4 
ý 

I- 
m ý' 

, 

ý LI) 
1 tý 0; to Cý ý ID C; *.. ILO I t to El (0 

t 
to 

tý 
to 

(Lo 
to 

jo ;a ý 

(4-o 
0 H 

I ý in, "- t 
to 

ý co C*4 ý; m 
co Lo 

'7! 
r- 'o -1 

.ý . 

ý' rj - 
1 44 

ý' I t- 
- 

to to 
a) 
to 

tý 
to 

1 

(D 
-i H 

bO 

I r- to e' t-*,, C'4- cf) tý 0 0' LO I 
_: r 0) 0. 0) ý u) cr) (Y) ý I Cý 

Cý , Cý co 00 , tý tý r- r- E., ý 

(D ý 4D. 
, to (D (0 (D (0 

0 9'! 
0 . 'j 0' 

., I 4J ., I (n 

0 



633. 

:t 

P4 04 

-4 

C; 0 

4-1 

0) 
Ir. +j 

r. 
, rj 

4-J 
(a 

Ir. 4-1 

0 
., j 
P 
. rq 
lid 
0 
0 

0 
. rj 
4) 

T-1 

(D 

4-4 s 
. rj 
10 

P 
t'd 

to 
(D 
:j 

bo 
r. 
fd 

bio (P 
90 r-i 
4--' 

4 ri 1-4 rz 

(13 to to 
CC) 
OD 

co 
00 

H 
H C" 0 0 +J 

It 
8 6 6 14 C; 4 14 

E- 

4) 

4-J N (D m 
E- LO LO U') to 04 t- 0 

6 6 6 
C; 

4j 

4-1 r-i 

c 

0 

g, 1 N flo LO to cr) Lr) to tý4 E-1 
ýt Cý 1ý 0 - 

rj N 0 0 0 0 0 0 0 

E- 

tLD 
r. C11 
(0 co ID N F-I co F-4 -t (T) -t 4D t- 0 (D t- 

6 6 6 
C; 

6 6 

dp 

E- 

04 =I, co 
to o c) to cr) E- t- 
Cý o; Cý 0; 

rl ýi r-4 r-4 r-i 
N 

. rj 

0 a) I I (7) 
* 

co 
* -t CV) to Ct) _: I* co 

> , 
C 4 C 4 Cf) CN r-I r-I 0 -T E- 

4 1 
Cý 
- 

Cý Cý Cý 10; V: Cý tz 
- r r- r- t- r- t- tý r- H rl r-I r-i ri H r-i r-I $4 N 

E--f 
4-1 
0 r-I 

104 
V) 5 
0) 
:j V) 

0 
>, 

t- 
r-I 

LO 
m 

tr). 
LO 

r-i 
Cf) 

CO 
C*4 

r- 
Cf) -t 

CO 
0 
C4 

r4 E-4 
to 
> 

C) - 
- Cý - Cý Cý C; C; C; C4 E r L- r- r- Eý r- r- 

W 

e 
t- 0') LO LO 0 

-t CO -t I :r C') 0 (3) ol 0 
cy) C; C; Cý r: r: :; 
E- t- t- t- tý r- r- t- 

40 
E--4 

0 
-rl 0 

*ri P *r4 
M 4-J 
X r4 

IA4 P4 

to P4 H 
Q) 0 



634. 

I' 

w. ri 

4.4 

4-J 
Cd 
4J 
U) 

4-J 

r. 
. rj 

P 

0 
. ri 
P 
. rj 

0 
0 

0 
rj 
P 

0) (d 

, Tj 

4-J 
(13 
U) 
w 

i-I 

'44 

"rI 

(D 
tko 

U 

la) ' la 

tu , r-A 

(L) 0) 
> 

P. lý 

4J 
(13 , I"- ", 

N 
E- 

Ln 
o 

0 
C14 

(D 
CY) 

04 
Cf) 

t- 
Cf) 

LO 
4J 
co 

1; 14 1; .4 1; 
P4 E- 

+i Q) CC) t- 04 0 (D m to 

(13 E- 14 V 1" , ,, ý I" , 43 la) 
-P r-i 
8 ;N 

p 

44 
, 

4) 

C*4 
tý 
* 

H 00 
' 

LO co 0 

C q -t U ) qD to r- 

CY 

E-4 

9 

ýZ t- co C), co -t : I- co 0 r-i (D CO _: r xt 

'i 

r-i -r-I -1 14 14 dp 

s0 
LO t- LO -ý-i 0, CY) (7) 

> co E-4 

r- V) Lo U; A Lý, , v 00 0 0 0 0 0 0 L 04 C*4 , CA C, 4 C, 4 04 C4 C*4 

U 0 
.1 0) r CY) U') . 04 

I 
(D 

, ul -, , -t ,, LO co r-I t- Ul) (D , 
p 

; ,Q ý0 ý ýý ý 00 
ý r tý ., 0 

Lý ,, 
0 tý " 0 Z; 0 0 0 

; C4 C4 C4 C4 C4 C4 C4 N 

0 r-I 

Q) LO - l 
:j ; On 

;i0- 
0 1 
0) 

0) 

'to 

U ) 
(Y) 

0 
N 

cr) 
ri 

0 
r-I 

C; Lý L4 4 L4 

I> 
r4 
P 11 cli 

ý, 

0,0 
04 04 1, 

o 
C14 

0 
C-4 

0 
C*4 

0 
04 

0 
04 

0 
C*4 

bo H-f 
. 

A 7, f; 
ý7 - -4 x 

ý 

-CV4 
- 

co C14 co C%4 to Ln Lf) Lr) 
r-, ýý LO C*4 C14 to C) 9- (D 

c; 
Ao 0 0 0 0 0 0 
N CN C4 C4 N N N 

V) I ", * 
0 r. 

I 0 
-ri 4J H 

4J 
-ri 

r 4) 0 

i 



635. 

APPENDIX Cl 

Dcample of the computer programme used for the simulation 

of the effect of warp tension, 0, cy and cf on Z,, Ty and Wr. - 

LIBRARY(ED#SUBGRCUPBRAD) 
PROGRAM(PLAN9) 
I Npul I =CRO 
OUTPUT2ýLPO 
COMPRESS INTEGER AND LOGICAL 
COMPACT 
TRACE2 
END 

MASTER PL8 
REAL X(? 00), Y(200) 
AO=ALP HA NOT# HALF SHED ANGLE 

'c Al=INTER SECTING ANGLE# IHETA 
c PO=WARP TEWON AT HEALD LEVEL 
c AAýMAXIMUM VALUE'OF ANGLE @AO, 
C N2=NUMBEP OF SETS OF DATA 
c Nl=NUMBER OF DATA/SET 
c U ýCOEFFICIFNT OF FRICTION MUE 
c Nlm NO OF TIMES GRAPH TOBE PLOTTED 
c XLEN= LENGTH OF X-AXIS 

ic YLEN= LENGTH OF Y-AXIS 
c 

,. 
Xl= STARTING POINT ON X-AXIS 

- c : Ylý STARTING POINT ON Y-AXIS 
C 

-X2= 
X-SCALE 

C Y2= Y-SCALE 
READ (1 110 ) Nl -# N2 
RFAD(l#ll)XLENoYtEN 
READ(l III )Xj oYl 

,, READ(irll)X? #Y2 
GPOPEN CALL 

-- ---- (XI I Yl j-3) 
ýýPI=4.0*ATAN(1.0) 

DE L= 1 
.0 

DO, -200.1J=1 N2 
DO 100 11 ='l NI 
READ(Joll) PY, Cl#C2#UtAO#Al 
AO=AO*PI /180,0 
AI=Al*PI/180. *O 
N=O 
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. t -, Zxx ru ID 
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APPENDEC C2 

Computer programme used -to compute L9 values t Mlathod- le 

637. 

'LIBRARY CEDs SUDGRJUPNAGrj)__. 
I ti RARYLD5VHGk 'QVVNAG F 

PRVGRAMC0LVE 
CUMPACT -- 

IN PM T1 =_ CR0 
PUT Z= 

ND- 

. -UNCTIUN-F--CTHETA) l. CQN 5 TAN TS/. A LID! 
ý ____ . __ - _-_ ---- .- -- __. -I (T. lETA)-O* OHE TA*CtJ$ (THE M-Sl N (THETA) )-p 

N 
E44 D 

-MASTER. 
PRUQRAM 

----'-Ci3MI. IUN/CUNSTANTS/A4tDpP . -- ---- -. -0ý-. '. I 
JXTFR! 4Aýj 

;tLo(-: 
*-*- ,7 

A 
-I-lZ)N- 

DO 
ýIN RLADO-13)ALl DIP 

EPS=l OE-5 

CAýL CQ5ALI. F(. A! BIEPSIFiTHETAIIFA44) 
JHET. A; qTMETAtl, 00. U/3,14159__ 

THETAIADiP 
FUKrIATýlIXf5HTHErA#i8At2HALrIYAotHDtl9XiitiPl. 

. ý, :5-- JORMAT(IXt F9 hil Ixf F910tjlAt FYg6tllXIFY, 6) 

-----CUNT 
I NuE 

EN D 
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APPENDIX - C2 

Computer programme used to compute values, Dathod- 2* 

PROGRAM(PLAN4) 

ý-INPUTJ=CRO 
OUTPUTe: -LPQ 
END 

-PL2 
DImENSIUN AF 14 fs(lle)s TlB(le)itl(12)tE2Ci4), Pl(lie)#0(14)lE2y(l, I 

-- ýz 

.. _-, 7! -READ(11,108)(P(1)01ý111-e) 

I 

READ(l flol ) (T19(11 ) tll=l 114) 

.. --READ( 
I eul ) (bl le) 1,14=1 112) 

READ(1 10 5PI 14 14 =1 112 

., _. _____READ(l #105) (0(15) *15=1 'lie) 

: .- 
READ( I fl U6) (EeY(16) , 16=1 Ile) 

Z01F0RMAT(II(F4, 
, '-. lUl :, '--FORMAT(10(FSv_iolX)) 

__. _106, 
'_, 

_. _'FORMAT(1e(F4. 
l OM 

-106-. 
FORMAT (1 O(F5. ej ix) ) 

_L-DO 
11 1 =1 o 12 

WR ITe41 -d )IiIIIIII11 

,.,.,,., WR1TL(4r120)1l#Tlt3( 11 
-'I e0 FORMAT(5WT181 1 131 F4 

RIWTE(4 114 41P14 
44 FORMAT(5X#PVj 1.51 1F5 3) 

16 
WRITE (2 127) 16 Eey( 16) 

ZI 
----F 

ORMA TCXfeY 13 F41 

WRITEC2f 12 5)IbD 15 

ie 5 
_F 

ORMA 7(5XDF5 .5 
-4 

Z FORMAT (6CIX 11 
P1u 
P2 
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I 

w 

WRITE(e#405)pe(j)#pj'(I4) 
T 18 ( 11 

IP21+U 1"8 T1B(II 'Xýo 
X5=X. 

2Y( 16 ) Fý 41* E2Y( 16 )II 
x 

4uu. 
-- -A X=AIANCE2Y( 16 1AN(XU*PI( 14 XoS( X) +p1 4) 

-, ýID(15), *SIN(X)-PJ(14)*COS(X))) 
F=Pl (I )*ýl AN (AX)'ýU (15)/ (COS (AX) )+Pl (14)*TAN M-D (15)/CoS (X)+D (I 
C1=pI( 14 )*(1+(TAN(X)3**I)+D( 15 )/SIN(X) 

1 1+ (TAN (AX) ) **2) 

----CS=EeY(16)/(U*Pl(14))*(l+(TAN(X))**, 
e)*(D(lý)*X*COS(X)+PJ(14)- 

4;; E4Y( 16 (U P1 14 P1( 14 SIN (X D 15 ) *, K *SIN (X 
C5=I+(E 4e Y 16 UP1C 14 TANXD 15 XCUSCX+P1 14) 
D(15)*Sl Nix)-Pi ( 14) *COS (X) 
C6=(C3+L4)/C5 
C7zD(I5)/(Sl-%(AX))*Cb 

.. 
Fl=C/+Cb*CZ+Gl 

F( AB S(F), GT @(I. L* -4))GO TO 4UU 
yx 
XG=X*l dU /3, I 4e 

'.... WRITE (4 141 O)XG 
ý.. ý% 7ý-ý - -. -T - 

. -, 
ID('15)*Slýý(X)-Pl(14)*CoScx))) 

18U/3.14ý AFGAF(I 
WRlTEUr4lU)AFG 

-4 1U FORMAT(lXoF2U. 'ý) 

-4 
5 FORMAT(lXj2F12. "6), 

E2Y(16)=(j, 5*key(16) 
11 CONTINUL' 

STOP 
END 
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Appendýx_Dl, 

The results of the significance test for the difference in the 

-average*values Of PaL (in X 10 -4 ); HLA sample fabrics 

Comparison bet*een the samples 
degrees of Significance 

(weft tension being considered) 
freedom t-value 

test 
V2 nI+ rý 

T IT 
2 

T 
I 

[T 

4 -29 
0.023 n. s. 

ya I ye ya yQ 

IT T T IT 
6 

30 0.155 n. s. 
ye2 yal ya ye I 

T ll T 
e4 

Tye 
,T ye6 

29 0.14 8' n. s. 
y Ya 

T T IT 
2 4 

28 0.233 n. s. 

. _ya2 ye2 Ya ye 

T 
ya2 

ITye2 : T 
y& 2 

IT 
ye6 

28 0.07 5" n. s. 

T IT : 
ya2 ye4 

T 
Ya 

T 
2 Ye6 

-27 0.250 n. s. 

IT T 
2: 

T 
31T 4 

29 0.072' n. s. 
ya ya3 ya ye 

T 
3 

IT 
2: 

T 
a 3l 

T 
e6 

'28 0.005 n. s% 
ye Y& y y 

IT T T 
3l 

T 
6 

29 0.0901 n. s. - 
y .1 ye4 ya ye 

IT T 
e2 4 

T 
a 

T 
e4 4l 

29 0.11 0 n. s. 
y Ya y y 

T 
4 

IT 
e2 

T 
a 4 

IT 

e6 
28 0.0002 n. s. 

y y& Y y 

T ''IT 
4 4 

T 
4 

IT 
6 

29 0.112 n. s. 
ya ye ya Y0 

640. 

n. s. not significant 
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Appendix Dl. 

The results of the significance test Ir-or the difference in the 

average values of PeL('n X. 10-4 ); HLB s&mple fabrics 

Comparison between the samples 
degrees of Significance 

. (weft tension being considered) 
freedom t-value 

test 
V1 n2+n2 

T IT T 
I 

IT 
4 

29 0.627 n. s. 
ya I ye2 ya ye 

T 
l 

IT 
2 

T 
l 

IT 
6 

29 0.174 n. s. 
ya ye ya ye 

T IT T 
I 

IT 
6 

29 0.404 n. s. 
ye4 Yal y, ye 

T IT T 
2T 4 

29 0.495 n. s. 
y02 ya2 Ya y8 

T 
2IT 2 

:, T 
a 2T ye6 

28 0.387 n. s. 
ye ya Y 

T 
2 

IT 
4 

:T 
a 2IT e6 

29 0.087 n. s. 
y& ye Y y 

T T 
2 

:T 
31 

T 
4 

28 0.227 n. s. 
y9 ya3 ya ye 

T 
31 

T 
2 

:T 
a31 

T 
ye6 

28 0.458 n. s. 
ye ya y 

T T :T 
3T 6 

28 0.2 18 n. s. 
ye4 Ya3 Ya ye 

. 

T IT 
&4 ye2 

T 
ya 

T 
41 ye4 

28 0.158 n. s. 
y 

T 
41 

T 
e2 

T 
ya 

-4 
IT 

ye6 
29 0.438 n. s. 

ya y 

T 
1T T 

4l 
T 

G 
29 0.379 n. s. 

Ye4 ya4 ya YO 

n. sG' not significant 



Appendix Dl 

The results of the significance test for the difftrence in the 

average values Of PL (in x 10-4); RLB sample fabrics 

Comparison hetween the sn, 
In. 
ples 

degrees of 
freedom t-value 

Significance 
(weft tension being considered) + 

, test 
v n, n2 

T 2T a2l 
T 

ll T 
e4ý 

28 0.493 n. s. 
y ye Y Ya 

TTT I 
IT 

6 2* 

I 28 0.246 n. s. 
ye ye ya2 y 

T 4T 

lT 

a2l 
T 

e6 
28 0.230 n. s. 

y Y Ye Yal 

T 2 
IT 

e4 2l TI 2 
28 0.236 n. s. 

a a yy 
---Y _. 

y* 

T T 2A 2IT e6 
28 0.248 n. s. 

y& y ye y&2 

T T T 2l T 6 
28 

1.18 
4x- n. s. 

ye ya ye4 y&2 10 

T T 3 
IT 

4 
1T 28 0.645 n. s. ye ya ye2 Y33 

TTT, T 
y&31 ye6 e2 a3l 

28 0.542 n. s. 
. 

y y 

T 1T 
a3 

1' T 
4, 

T 
e6 

28 
1.54 

4x n. s. 
y y Ye ya3 10 

T 
e2 

T 
4l 

T 
a4T ye4 

29 0.528 n. s. 
y y ya 

T 
a4l 

T 
ye2' 

T 
ya4l 

T 
yeG 

29 0.667 n. s. 
y 

ý dT 
e4 

T 
ya 41T Ye6 

29' 0.142 n 
y ya 

n. s. not signi'lcant 

642. il 
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k Appendix D2 

The results of the significance-test for the difference in the 

average values of P, L 
(in x 10-4); HLA sample fabrics 

Comparison between the samples 
degrees of 

freedom t-value 
Significance 

(weft tension being considered) 
V + 

test 
n ný 

T 2: T ll T lT 
4 27 0.192 n. s. ye ye Ya Yal 

T 2: 
T 

ll 
T 

21 T 6 26 0.382 n. s. ye ye ya Y& 

. T 
4T ll 

T 
all 

T 
ye6 

27 0.180. n. s.. 
ye a Y y 

a 21 
TTTT 

e4 2 2 
28 0.157 n. s. 

y y@ Ya y 

TTTT 
a2 

I 
e6 2 2 

26 0.162 n. s. 
y y ye y& 

TTTT 
2l e6 2 4 

28 0.045 n. s. 
ya y y& ye 

T 
e2 

T 
&3 

T 
a3l 

T 
ye4 

29 0.149 n. s. 
y Y y 

* T 
2 

:, T 
a3l 

T 
3l 

T 
e6 

29 0.038 n. s. 
Y y e ya y 

T 
a3T o4 

T 
ya 31 

T 
ye6. 

30 0.185 n. s. 
y y 

T 
2' 

T 
a4l 

T ýl T 
e4 

28 0.115 n s. 
y Y y, ye 

TT T' T 
y&4 ye2 ya4l ye6 

30 0.009 n. s. 

TTTT 
e4 Ya4l yeG 4 

27 0.092 n. s. 
y ya 

n. s. = not significant 

.I 

0 
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Appendix D2 

The results of the significance test for the differdnce in the 

average values Of P, L 
(in x 10 -4 ); H, LB sample fabrics 

Comparison between I the sampleS 
degrees of 

freedom t-value 
Significance 

(weft, tension being. considered) + 
test 

1ý vnI 

T 2T all 
T 

lT 

e4 
28 0.143 n. s. y yo Yal Y 

IIT 
T 2T all 

T 
e6 -29 0.098 n. s. 

ya y ye Y 

T 
4T all 

T 
ll 

T 
e6 

29 0.014 n. s. 
y y yo Ya 

T 
2T 2l 

T 
2l 

T 
94 

-28 0.185. n. s. 
y ya yC , ya 

T 
2T 2T a2 

T 
ye6 

29 0.0002 n,. s. 
y ye y& 

T 
2T 4T Ya2 

IT 

ye6 
29 0.166 n. s. 

ye Ya 

TTTT 
4 3l 

1 -28 0.152 n. s. 
ye ye2 ya ya 3 

T 
3T e2 

T 
ya3l 

T 
Y06 . 

30 0.03 n. s. 
y Ya 

T Tye '4 T 
ya3l 

T 
YC6, &'3 

30 0.124 n. s. 
y 

2.63-x 

TTTT 
y&4 

I 
ye2 ya4l ye4' 

28 
10 n. s. 

TTT' 
IT 

y&4 ye2 Ya4 ye6 
I 29 0.057 n. s. 

TTTT 
ya4 

I 

yo4 ya4l ye 6 
'29 0.061 n. 's. 

644. 

4 

n. s. not significant 



Appendix D2 

The results of the significance test for the differ6nce in the 

av; rage, values of P-, L 
(in'x 10-4); RLB sample fabrics 

Comparison between the samples 
degrees of 

freedom t-value 
Significance 

(weft tension being considered) test 
vIn Tý 

T T 
2: 

T 
all 

T 
4 

29 0.097 n. s. 
ye 

, 
y ye Yal 

T 2: 
T' 

al 
IT 

*6 lT 
29 0.027 n. s. 

e Ya yyY, 

T 
e4 

T 
Yall 

Ty 
0' 6 aI 

IT 30 0.126* 
y y 

TT 
-T 

T 
y&2 y*2 ye4ý. 

29 0.088 n. s. 

T 2T e2 
jya2 Tye6 30 

1.29 'x 

-8 
n. s. 

y y& 10 

TTT IT 
2 ye6 4 2 

29 0.086 n. s. 
y ye y& 

T 
e2 

T 
ya3 

T 
ye4 &3 

T 28 0.148 n. s. 
y y 

T 
ya3 

T 
ye2 

Ty 
a'3 

T 
ye6 

29 0.063 n. s. 

T T 
4 -T 3T e6 

29 0.205 n. s. 
ya3 y Ye Ya 

TTTT 
e4 a4 2 4 

29 0.052 n. s. 
y Y y& ye 

T 
y&4 

T 
ye2 

T 
Ya4 

T 
ye6 

30 0.139 n. s. 

T TTT 
e4 ya4 ye6 4 

29 0.189 n. s. 
y y& 

n. s. '= not significant 

645. ' 

0 



646. 

Aýpendix D3 

The grand 
'average 

values 01 Pe L 
(10-4 inch) and its 

statistical measures for the different fabric samples 

Grand Standard Standard 

Fabric Num, be r average Range, R,, deviation Erro:, of 

Sample in each of p eL 
' 

(10-4 inch) Cy C. V. Mlean 
E S Reference sample (, 10-4 inch) (j. 0-4 inch) . . 

-4 
inch) (10 

T JHLA IM 46 
, 

195.38 - 0.62 9.84 5.03 1.45 
yaI 

T JHLA IM 45 192.69 1.08 9.95 5.16 1.118 Y&2 

T JHLA IM '46 191.50 0.29 9.67 5.05 1.42 Y&3 

T JHLA IM 46 190.43 0.41 8.86 4.65 1.30 
y&4 , 

T 'JHLB IM 46ý 188.72 ' , 1.80 7.85 4.16 1.16 
yal 1 

JHLB IM T 46 182.73- 1.56 8.21 4.49 1.21 
y&2 

1 

T 
ya3 

JHLB IM 45 180.44 1.21 7.57 ý 4.19 1.13 

T 
I 
HLB 114 46 178.02 1.85 . 10.13 5.69 1.49 ya4 

T RLB 114 45 177.82 2.63 14.14 7.95 2.11 
Yal 

T 
y&2 

IRLBIM 45 174.10 1.31 14.20 8.16 2.12 

IRLB IM T 45 166.88 2.62 11.48 6.88 1.71 
, y&3 

T IRLB IM 46 -160.69 2.95 11.75 7.31 1.73 L y! 4 
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Appendix D4 

The grand average values of PaL (10-4 inch)*and its 

statistical'measures for the different fabric samples 

Grand Stardard Standard 

Fabric Number average, Range,, R. deviation Error of 

Sample in each of P aL -4 (10 inch) 
Cy C. V. 0- I-lean 

S E Reference sample (10-4 inch) (10-4 inch) 
. . 

-4 10 inch) 

T JHLA IM 43 177.85 1.41 9.46 5.32 1.41 
yal 

T JHLA 111-1 44 176.04 0.74 9.78 5.55 0 74 
Y&2 . 

T 
Ya3 

JHLA 1141 ' 47 175.07 0.62 8.69 4.96 0.62 

T JHLAJM 46 172.67 0.41 9.44 5.47 0 41 ya4 . 

JHLB IM T 6 176.09 0.66 14.26 8.10 2.10 yal 

T IPT. n 
I.. -- 

45 174.76 0.66 10.10 5.78 1.50 
ya2 

T JHLB IMI 47' 172.97, 0.65 11.00 6.36 1 60 
Ya3 ý . 

T JHLB IM 46 171.81 , - 0.29 12.40 7.22 1.83 Y&4 

T RLB IM 48 174.91. 0.61 12.72 7.27- 1 83 ya . 

T* IRLBIM 
Ya2 .47 

173.60 0.41 12.39 7.13 1.81 

T 
Ya3 

I RLB IM 46 172.46 0.94 11.87 6.88 1.75 

T 
ya4* 

IRLBIM 47 170.00 0.86 12. !4 7.05 1.76 
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Appendix D5 

(10-4 The grand average values of, p 
eD 

inch) and its 

statistical measures for the different fabric sam2les 

Grand Standard Standard 

Fabric Number average, Range, R, deviation Error of 

Sample in each Of POD 
(10-4 inch) a C. V. Mean 

S. E. 
Reference sample (10 -4 inch) (10-4 inch) -4 

' 
(. 10 inch) 

JHLA IM T 30 197.85 2.87 0.584 0.295 0.107 
ya 1 

JHLA IM T 30' 196.48 0.91 0.401 0.204 0.073 
ya2 

T JHLA IM 
y3 

30 196.03 1.88 0.502 

-- 

0.256 

--I 

0.092 

T JHLA IM 30 195.00 1.01 0.306 0.157 0.056 
ya4 

JHLB IM T 30 191.68- 1.56 0.513 0.268 0.094 
ya I 1 

T 
y&2 

JHLB IM 30 18 8.1 3.61 1.006 0.535 0.184 

T IHLBIM 
Ya3 

30 165.39 1.67 
-- 

0.586 0.316 0.107 

IHLBIM T 30, 183.05 3.92 1.283 0.701 0.234 y&4 

T 
ya I 

IRLBIM 30 . 180.38 3.44 1.1446 0.634 0.209 

T 
y&2 

IRLBIM 30 178.40 2.93 0.898 0.503 0.164 

T 
ya3 

IRLBIM 30 171.43 3.96 
1 1.340 0.782 0.245 

.T ya4 
IRLBIM 30 163.85' 2.88 1.04 0.635 0.190 0.190 
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Appendix D5 

-4 
The grand average values of p 

aD 
(10 inch) and its 

statistical'n, easures for the different fabric SaTnDles 

Grand Standara Standard 

Fabric Number average Range, R, deviation Error of 

Sample in each Of P&D 

. 
(1 

1 
0-4 inch) Cr C. V. Mean 

S E Reference sample, 0 -4 
1 inch) (10-4 inch) . . 

-4 

.I- ( 10 inch) 

JHLA IM T 30 169.74 1.81 0.462 0.272 0.084 
, Z a 

- - 
Ty 

a2 
JHLA IM 30 168.79 1.21 0.337 0.200 0.061 

T JHLA JIM 30 168.53 * 1.36 0.445 0.263 0.081 
Y33 

T JIILA IM 30 168.43ý 0.90 0.334 0.198 0.061 
y&4 

- JHLB IM T 30 169.67 0.81 0.225 0.133 041 0 
ya IL . 

T JHLB IM 30 170.16 '1.63 0.497 0.292 0.091 
ya2 

T 
ya3 

I HLB 114 30 169.78 1.23 
1 0.307 0*181 0.056 

TK 
11 4 

JHLB 111 30 169.28 0.82 0.183 0.108 0.033 

I RLB 114 T 30 *170.07 1.23 .0 . 274 0.161 0.050 
ya I . 

IRLBIM T 30 169.53 1.22 0.299 0.176 
------ 

0.054 2 ya 
IRLB IM T 30 168.48 1.52 0.449 0.267 0 082 ya3 . 

T4 IRLBIM 30 168.59 1.76 0.432 0.257 0.079 
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Appendix D5 

The grand avcrage val ues of p (10-6-inch) and its 

statistical measures for the dillfere'nt fabric samoles 

Grand Standard Standard 

Fabric Number ' average Range,, R, deviation Error of 

Sample in each of p sD 
-6 

(10 inch) 
a C. V. Mean 

S. E Reference Sample (10-6 inch) (1076 - inch) . 
-6 (10 inch) 

T JHLA IM 30 335.83 6.97 1.527 0.455 0.279 
YaI 

T - JHLA IM 30 3.60 
-1.121 

0.338 0.221 
y& 2 

T JHLA IL4 30 330.4i 4.49, 1471 0.354 0.214 
Y33 1 1 

T JHLA IM 3 0 2.75 0.953 6.290 0.174 
Y&4 , 

T JHLB IM 30 325; 27 4.17 0.968 0.298 0.177 
3L ya 

T JHLB 11M 30 3 20.11 7.67 2.037 0.636 0.372 
Ya2 

T' JHLB IM '30 314.76 3.19 0.956 0.304 0.175 
YA3 

T JHLB IM 30 309.34 6.28 2.280 0.737 0.416 

TyaI IRLB'IM 30 306.78 7.98 2.436 0.794 0.44 5 

T 
Y&2 

1 
RLBIM 30 302.39 5.68 1.673 0.553 Os305 

T 
Ya3' 

IRLB IM 30 
ý, 
288.82 -8.43 2.823 0.978 0 . -515 

T 4' 
IRLB IM 

ý 
-Y -a 

I 30 276.24' 6.43 2.133 0.772 

I 

0 . 389 
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Appendix D6 

The grand average values of IýC) (10-4 inch) and its 

statistical measures for the different fabric sam2les 

Grand. Standard Standard 

rabric Number average Range, R, deviation Error of 
Mean 

Sample in each of L 
aD 

-4 (10 inch) 
Cy C. V. 

S. E. 
Referenc C sample -4 (10 - inch) (10-4 inch) -4 (10 inch) 

JHLA IM T 30 210.554 2.26 0.5656 . 2686 0.1033 
yaI 

JHLA IM T 30 208.289, 1.83 0.6011 . 2886 0.1097 
y&2 

JHLA IM T 30 208.075 2.15 0.5949 ). 2859 0.1086 
Ya3 _ 

T JHLA IM 30 207-. 999 1.41 0.4426 ). 2128 0.0608 
ya4 

JHLB IM T 30 203.921 4.15 1.1292 ). 5537 0.2062 
ya1 

JHLB IM T ý0 198.391' 2.11 0.5677 3.2861 0.1036 
y&2 1 

T 
Ya3 

JHLB IM 310 196.34'9 2.75 0.6916 0.3522 0.1262 

JHLB JM T 30 195.161 3.55 1.1994 ). 6146 0.2190 
ya4 

IRLBIM T 30 6.08 1.8668 0.9739 0.3408 
ya 

T 
y&2 

IRLBIM 30- 188.726 3.88 1.0542 0.5586 1 -0.1925 

T 
ya3 

IRLB IM 
_30' 

181.199 5.25 1.5156 0.8364 0.2767 

T4 IRLBIM 
V 

-Ya 
'30 

175.0 60 4.05 1.2767 0.7293 0.2331 
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Appendix D6 

The grand average values'of L (10-4 inch) and it3 
OD 

statistical measures for the different fabric sam2les 

Grand Standard Standard 

Fabric Number average Range, R, deviation Error of 

Sample in each of L 
00 * 

(10-4 inch) a C. V. Mean 
SOES 

Reference sample -4 inch) (10 (10-4 inch) -4 

, 
(10 inch) 

IHLAIM T 30 179.502 1.21 0.3501 0.1950 0.0639 
y 

T JHLA IM 30 178.968 1.51 0.5013 0.2801 0.0915 
ya2 

IHLAIM T 30 179.183 1.51 0.4195 0.2341 0.0759 
y&3 

T IHLAIM 30 179.179 1.81 0.4805 0.2682 0.0877 
y&4 

IHLBIM T 30 179. *290 1.35 0.2993 0.1670 0.055 
ya 2 

T 
Y&2 

IHLBIM 30 179.82ý 2.99 0. '9132 0.5078 0.1667 

T 
ya3 

JIMB IM '30 179.497 2.72 0.7'979 0.4445 0.1457 

T 
YA4 

1 
HLB IM 30 179.321 3.53 0.8877 0.495 0.1621 

IRLBIM T 30 '18U. 353 5.03 1. 1750 

10.6515 

0.2145 
ya . 

T 
y&2 

IRLB114 30 179.991 2.85 0.8316 0.4620 0.1518 

IRLBIM T 30 179.625 1.91 0.450 0.2505 0.0821 ya3 

T jRLBjM 

-I -a 
4 

30 
1- 

179.559 2*. 04 0.5018 0.2795 0.0916 
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The grand average values of P@w (10 -4 inch) and its 

statistical measures for the different fabric samples 

- Grand Standard Standard 

Fabric Number average Ranae, R, deviation Error of 

Sample in each - -of, p w (10-4 inch) (1 C. V. Mean 
S. E. Reference sample (10-4 i 

nch) (10-4 inch) -4 (10 inch) 

ITY, 
1 

JHLA JIM 30 193.38 2.50 0.603 0.312 0.104 

T 
y&2 

JHLA IM 30 191.86 1.91 0.620 0.323 0.113 

T 
Y&3 

JHLA IM 30. 190.87 1.45 0.479 0.251 0.087 

T 
Ya4 

JHLA IM '. 30 190.11 
. 

2.96 1.111 0.585 0.203 
- 

JHLB 11-1 T 30 187.084 1.76 0.600 0.321 109 0 
ya I . 

T 
y&2 

JHLB IM 30 183.04 5.44 1.354 0.740 0.247 

JHLB IM T -30 180-913 2.31 0.796 0.440 145 0 
YA3 . 

I 
HLB IM T 30 179.21 

. 
2.86 0.982 0.548 1.179 y&4 

T 
ya 1.1 

RLB IM 30 176.28 3.88 1.432 0.813 0.261 

T 
y&2 

IRLBIM 30' 173'. 89 3.10 1.030 0.592 0.188 

T IRLB IM 

y&3 
30 166.98 3.10 1.106 0.662 0.202 

T 
ya4 

IRLBIM 30 1 60.10 3.33 1.195 0.746 0.218 
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Appendix D7 

-4 The grand, average values of psw (10 inch) and its 

statistical measures for the different fabric samples 

ya4 

Grand Standard 
Standard 

Fabric Number - average Range, R, deviation Error of 
Mean 

Sample in each of p aw (10-4 inch) a C. V. % 
S. E. 

Reference sample (10-4 inch) (. 10-4 inch) -4 (10 inch) 

IHLAIM T 30 169.15 1.51 0.406 0.240 0.074 
ya , 

JHLA IM T 30 167.95 2.11 0.692 0.412 0.126 
ya2 

T JHLA IM 30 168.22 1.21 0.539 0.321 0.098 
Ya3 

T JHLA IM 30 167.61 1.66 0.390 0.233 0.071 
ya4 

JHLB IM T 30 168.91 1.23 0.418 0.247 0.076 
ya I 

T 
ya2 

JHLB IM 
, -30 169.06 2.04 0.566 

_0.3351 

0.103 

JHLB IM T 30 168.27 2.86 0.677 0.402 0 124 y&3 . 

JHLB 114 T 30 167.84 1.77 0.654 0.390 0.119 
ya4 

I RLB 11-1 T 30 '168.56 1.36 0 
. 

407 0.242 0 074 
yaI . . 

T 
y&2 

IRLBIM 30 168.52 1.77 0.498 0.295 0.091 

T 
ya3 

IRLB IM 30 167.09 1.77 0.491 0.294 0.090 

T IRLBIM 

L. ya4 
30 166.64 2.99 0.654 0.392 0.119 
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The grand average values of p UCý6 inch) ýand its 
Sw 

statistical-measures for the different fabric samples 

Grand Standard 
Standard 

Fabric Number average Range, R, deviation Error o*- 
Mean 

Sample in each of Pý; (10 inch) 
-6 C. V. 

S. E. 
Reference sample -6' 

inch) (10 (10 inch) 6 
inch) (10 

T IHLA IM 30' 327.10 ý 6.28 1.517 0.464 0.277 
IL y 

Ty 
a2 

IHLA IM 
_322.19 

5.31 1.72 0.534 0.314 

IHLA IV, T 30 321.08' 3.40 1.062 0.331 0.194 ya3 

T 
Ya4 

IHLA IM 30 318.64 7.82 2.078 0.652 0.379 

IHLB IM T 30 316.0 4.50 1.393 0.441 0.254 yal 

IHLB IM T 30 309.47 9.23 2.712 0.876 0.495 
ya 2 

IHLBIM T 30 304.55 6.26 1.665 0.547 0 304 ya3 . . 

T 
ya 4 

IHLB IM 30 
- 

ý 300.78- 4.08 1.103 0.367 0.201 

T 
ya , 

IRLBIM 
'30 

297.12'ý 6.41 2.009 0.676 0.367 

T IRLBIM 
Ya2 

30 293.03 5.33 1.594 0.544 0.291'- 

T 
YA3 

1 
RLB IM 30 279.02'- 7.39 2.430 0.8-71 0.444 

T 
4IRLBIM ya 

I 30' 1 266.79 8.84 2.104 78 
-9 1 

0. 
1 

0.384 
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The grand average values of Law (10-4 inch) and its 

statistical measures for the different fabric samples 

Grand Standard Standard 

Fabric Number average Range,, R, deviation Error of 

Sample in each of L 
Aw 

(10-4 inch) 
Cr C. V. % Mean 

S. E Reference sample (10-4 inch) (10-4 i nch) 
. 

-4 

I 

('10 inch) 

JHLA IM T 30 208.603 2.18 0.6541 0.3136 
- 

0.1194 
K-a I 

T 
Ya2 

IHLAIM 30 206.032 2.46 0.6383 0.3098 0.1165 

Ty 
a3 

JHLA IM 30 206.016 2.34 0.6722 0.3263 0.1227 

T 
y&4 

JHLA 1114 30 206.316 2.79 0.7490 0.3630 0.1367 

JHLB IM T 30 201.918 3.47 1.1360 0.5626 0 207 
ya 2 1 . 

Tya2 JHLB IF, 30 196.642 3.26 1.0048 0.5110 0.1834 

T3 JHLB IM 30 194.60 .3 2.49 0.6340 0.3258 0.1157 

4 
IHLBIM T 30 193.258 4.42 0.8676 0.5007 0 1766 Y. . 

T RLB IM 30 189.455 5.10 1.6608 0.8767 0.3032 

T2 IRLBIM 30 186.746 3.70 0.9993 0.5351 0.1824 

T 
ya3 

IRLBIM 

, 

30 179.660 
1 

. 3.92 1.4257 0.7935 0.2603 

T IRLB 1 
y4 

30 
. 

1 173.252 5.14 1.4067 0.8119 0.2582 0.2582 
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-4 
The grand average values of L0,, (10 inch) and its 

statistical measures for the different fabric samples 

657. 

Standard 
Grand Standard Error of 

Fabric Number average Range, R, deviation 
Mean 

Sample in each of L 
Ow 

(10-4 inch) 
a C. V. 

S. E. 
Reference sample -4 (10 inch) (10-4 inch) (10-4 inch) 

TyaI IHLAIM 30 178.646 2.27 0.6361 0.3561 0.1161 

T 
ya2 

IHLAIM 30 178.283 1.81 0.5458 0.3061 0.0965 

IHLAIM T 30 178.243 1.82 0.5540 3.3108 0.1011 
ya3 

JHLA IM T 30 178.294 1.51 0,4484 0.2515 0.0819 
ya4 

IHLBIM T 30 178.971 1.63 0.4895 0.2735 0.0894 
Yal 

IHLBIM T 30 179.237* 4.89 1.1647 0.6498 0.2126 
y&2 

IHLBIM T 30 179.005 5.58 1.3352 0.7459 0.2438 
ya3 

T 
y&4 

IHLBIII 30 178.428 3.81 0.8823 0.4945 0.1611 

IRLB IM T 30 '179.564 4.08 1.2393 0.6902 0.2263 
yal 

IRLB114 T 30 179.519 4.09 1.3649 0.7603 0.2492 
Ya2 

I RLB 1 114 T 30 178.921 3.13 0.7784 0.4350 0.1421 y&3 1 

IRLBIM 
k 

30 I 178.802 3.13 0.8738 0.7 0.1595 ya4 
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The grand average values of pT (10-4 inch) and its 

statistical measures for the different fabric samples 

Grand Standard Standard 

Fabric Number average Range, R, deviation Error of 

Sample in each - Of PeT (10-4 inch) C. V. % Mean 
S. E. Reference sample (10 -4 

inch) (10-4 inch) -4 (10 inch) 

JIILA IM T 30 190.10 1.56 0.4053 0.2132 074 0 yal . 

T 
y&2 

IHLAIM 30 188.51 1.75 0.440 0.234 0.080 

IHLAIM T 30 187.77 2.05 0.466 0.248 085 0 Ya3 . 
JHLA IM T 30 186.66 2.92 0.859 0.460 0.157 ya4 

T 
Y&2 

IHLBIM 30 184.11 2.21 0.510 0.277 0.093 

T 
y&2 

JHLB IM 30 179.84 ' 3.59 1.027 0'. 571 0.187 

T 
y&3 

JHLB IM 30 177.91 3.30 0.769 0.432 0.140 

JHLB IM T 30 176.49 
. 2.98 1.072 0.607 0.196 

y&4 

IRLBIM T 30 173.46 3.61 1.353 0.780 0.247 
yaI 

1 RLB I IA T 30 171.304 3.51 0.960 0.561 0.175 
ya2 

T 
ya3 

IRLB IM 30 164.89 3.39 1.162 0.705 0.212 

T 
ya4 

IRLB 111 1 30 - 158.35 3.15 1.055 0.666 0.193 

I, 
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The grand average values of p 
aT 

(10-4 inch) and its 

statistical measures for the different fabric sýLmpjes 

Grand * Standard Standard 

Fabric Numbor average' Range, R, deviation Err-or of 

Sample in each of p aT 
-4 (10 inch) 

a C. V. % Mean 
S. E. Reference sample (10-4 inzh) (10-4 inch) -4 (10 inch) 

T JHLA 'IM 30 167.57 0.85 0.403 0.240 0.735 
yaI 

JHLA 1' M T 30 166.65 1.82 0.882 0.529 0.161 
Ya2 

T 
Y&3 

I HLA JIM 30, 166.99* 1.36 0.395 0.236 0.072 

T JIILA IM 30 166.66 2.72 0.727 0.436 0.133 
ya4 1 

T IHLBIM 30 167.02 1.41 0.362 0.216 0.660 
yaI 

I HLB 11.1 T 30 167.42 1.77 0.526 0.314 0.096 
ya2 

T JIILB IM 30 166.67 1.63 0.520 0.312 0.095 
ya3 

T JIILB IM 30 166.52 1.63 0.420 0.252 0.767 
y&4 

T RLB 1-1 30 167.11 1.42ý 0.447 0.267 0.082 
yaI 

RLB M T 30 167.12 1.64 0.440, 0.263 0.080 
y&2 

T' -IRLBIM 30 165.68 1.77 0.486 0.293 0.089 
y&3 

T 
y&4' 

IRLBIM 30 164.95 2. 

. 

58 
1 

0.681 ý 0.124 T 
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The grand average values Of PST 
(10-6 inch) and its 

statistical measures for the different fabric sam2les 

660.1 

Grand ' Standard Standard 

Fabric Number average Range, R, deviation Error of 

Sample in each Of PST (10-6 inch) a C. V. % Mean 
S. E 

Reference sample (10 
6 

inch) 
-6 

(10 inch) . -6 
(10 inch) 

JIILA 11.1 T 30 318.55 3.95 1.085 0.341 0.198 
yal 

JHLA IM T 30 314.15 6.48 1.959 0.624 0.358 
y&2 

T IHLAIM 
y&3 

30 313 . 57* 4.28 1.047 0.334 0.191 

T IHLAIM 30 311.09 6.28 1.936 6.622 0.353 
ya4 

IHLBIM T 30 307.51 5.00 1.168 0.380 0.213 
Yal 

T 
y&2 

JIILB IM 30 301.10 5.58 1.742 0.579 0.318 

Tya3 IHLBIM 30 296.53 5.50 1.220 0.411 0.223 

JHLB IM T 30 293.89 3.53 - 1.312 0.446 0.239 
y&4 

IRLBIM T 30 289.875 8.18 2.069 0.714 0.378 
Ya2 1 

T 
ya2 

I RLB IM 30 286.29 4.45 1.507 0.526 0.275 

IRLB IM T 30 273.18 7.86 2.524 0.924 0.461 
y&3 

IRLB IM T 
I 

30 261.20 7.75 1.957 0.749 0.357 
ya4 

.a 
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-4 The'grand average values of %T (10 inch) and its 

statistical measures for the different fabric saniDles 

Grand Standard Standard 

Fabric Number, average Range, R, deviation Error of 

Sample-- in each of L. - T (10 -4 inch) Cr C. V. Mean 
S. E. 

Reference sample (10-4 inch) (10-4 inch) -4 (10 inch) 

T JHLA IM 30 207.583 2.64 0.8236 0.3967 0.1504 
yal 

JHLAJM T 30 205.003 2.24 0.6814 0.3324 0.1244 
ya2 

I Hjý. A' IM T 30 204.989 1.88 0.5703 0. '2782 0.1041 
Ya3 

T IHLAIM 30 205.478 3.09 0.8366 0.4071 0.1527 
ya4 

T JIILB IM 30 201.015 4.11 1.1939 0.5939 0.2180 
ya I 

JHLB IM T 30 195.496 . T 3.02 0.9647 0 . 4935 0.1761 - y&2 

T JHLB IM 30 
-193.704 3.08 0.6666 0.3441 0.1217 

y&3 - 

'I HLB IM T '30 192.206 3.38 0.8481 0.4412 0.1548 
y&4 

T -IRLBIM 
'30 "188.594 4.64 1.3365 0.7087 

1 

0.2440 
ya 1 

]RLBIM T 30 '185.893 '4.90 1.3531 0.7279 0.2470 
2 

_ja 
T 71UB'Jý 

ya3 

- 30 i78: 598 5.08 1.6079 0.9003 0.2936 

LT Y-a 41 
RLBI 14 30 172.541 5 . 15 

1 
1.5645 0.9067 0.2856 
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The grand average values of L 
*T 

(10 -4 inch) and its 

statistical measures for the different fabric samples 

Grand Standard 
Standard 

Fabric 1.1umber average Range, R, deviation Error of 
Mean 

Sample in each of L 
eT (10 -4 inch) CY C. V. S. E. 

Reference sample (10 -4 inch) (10-4 inch) -4 (10 inch) 

TyaI IHLAIM 30- 177.526 1.51 0.4309 0.2427 0.0787 

IHLAIM T 30 177.871 2.72 0.6349 0.3569 0.1159 
Y&2 

T 
ya3 

JHLA 114 30 177.00 .5 1.20 0.3427 0.1936 0.6257 

IHLAIM T 30 177.670 3.02 0.7241 0: 4075 0.1322 
ys4 

IHLBIM T 30 178.341 2.44 0.7277 0.4080 0.1328 
Ya2 

T 
y&2 

IHLBIM 30 178.789 4.90 1.3058 0.7303 0.2384 

T 
y&3 

111LB IM 30 178.686 8.43 2.0738 1.1605 0.3786 

IHLBIM T 30 177.928 5.85 1.1987 0.6737 2.1885 
y&4 . 

IRLBIM Ir 30 179.164 4.76 1.3854 0.7732 0.2529 
yal 

T 
ya2 

IRLBIM 30 178.876 4.62 1.4628 0.8178 0.2671 

IRLBIM T 30. 178.467 3.81 1.0677 0.5983 0.1949 
ya3 

RLB M T 30 I 1 178.373 1 3.53 . 1.0362 0.5809 0.1892 

_ 
y&4* 

__ __ 

,I 



663. 

0 

Appendix D9 

The grand average values of p (10 -4 inch) and its statistical 
eL 

measures for the different fabric samples from L. H. S. 

Fabric Number Grand Range 
Standard Standard 

sample in each average R 
deviation error of 

reference sample of p eL -4 
a c, v. % mean, S. E. 

(10-4 inch) 
(10 inch) (10-4 inch) (. 10' inch) 

IHLAIR T 44 197.30 0.70 9.20 4.66 1.39 
ya2 . 

T 111LAIR 46 196.85 1.97 10.35 5.26 1.53 
y&2 

IHLAIR T 44 193.27 0.66 9.98 5.16 1.50 
y&3 . 

IHLAIR T 44 191.26 0.99 8.234 4.30 1.24 
y&4 

JHLB IR T 46 187.65 1.97 9.54 5.08 1.41 
Y& I 

I HLB IR T 46 185.51 0.74 7.337 3.95 1.08 
y&2 

T IHLBIR 46 179.78 1.72 8.61 4.79 1.27 
ya3 

T 
ya4 

JHLB 1IR 45 177.16 2.54 13.02 7.35 1.94 

T 
Yal 

RLB R 45 177.82 2.62 13.94 7.84 2.08 

RLB R T 46 173.95 1.07 13.09 7.29 . 1.93 
y&2 

IRLDIR T 45 169.51 0.66 14.39 8.50 2.14 
ya3 

4 
IRLB IR T 47 163.97 1.07 15.02 9.16 2.19 

ya 

f 
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. 

The grand average values of PeL (10 -4 inch) and its statistical 

measures for the different fabric samples from R. H. S. , 

rabric Number Grand Range 
Standard Standard 

sw. nple in each average R 
deviation error of 

ref erenc6 szmmple 
of p eL 
-4 

-4 (10 inch) 
a 

-4 

c, v. % mean, S. E. 
-4 

I 

(10 inch) I inch) (10 10 inch) 

IHLAIR T 1ý5 193.77 0.54 6.37 3.28 0.95 
Ya2 

111LAIR T 46 193.21 4.31 8.89 4.60 1.31 
ya2 

IHLAIR T 45 1 92.26 3.70 10.08 5.24 1.50 
ya3 

. 

T IHLAIR 48 190.08 1.24 8.58 4.51 1.24 
ya4 

T JIILB IR 43 188.84 2.11 9.099. 4.82 1.39 
Yal 

T IHLBIR 46 182.08 0.94 7.57 4.16 1.12 
ya2 

T JHLBJR 
y&3 

46 181.02 0.26 9.12 '5.04 1.34. 

T IHLBIR 
ya4 

45 178.02 0.72 13.20 7.41 1.97 

T 
Yal 

IRLBIR 45 178.91 0.65 13.63 7.62 2.03 

IRLBIR T -'45 
176.29 0.66 15.00 8.51 2.24 

y&2 

T IRLBIR 45 167.76 3.28 12.06 7.20 i. 80 
ya3 

I 
RýLB IR T 46 159.14 . 1.80 11.15 7.01 1.64 

ya4 
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The grand'arerage values of PaL -4 inch) and its statistical 

"or the different fabric samples from L. H. S. measu es A. S 

Crand Standard Standard 
Fabric 

' 
Number 

average 
Range deviation error of Ie samp, in each 

of P 
R 

CF c, v, % mean, S. E. 
reference sample -4 

3L 0-4 inch) -4 -4 (10. inch) (10 inch) (10 inch) 

T IILA R 46 177.83 1.97 10.39 5.84 1.53 
yal 

IHLAIR T 46 176.52 
'0.05*. 

9.59 5.43 1.41 
Ya2 

T IHLAIR 47 175.49 7.40 10.56 6.02 1.54 
y33 

T IHLAIR 56 173.03 0.26 9.36 5.. 41 1.24 
y&4 

IHLBIR T 46 176.76 1.33 13.40 7.58 1.97 
Y& 

T 
yA2 

IHLBIR 49 175.56 1.85 11.43 6.51 1.63 

. _T 
IHLBIR 

Ya3 
47 173.60 

-". -. 
'1.04' 12.66. 7.29 1.84 

T IHLBIR 
y&4 

49 ý172.14 
_0.63 

13.64 7.92 1.94 

TI IRLBIR 
ya 

46 175.66 0.74 12.55 7.14 1.85 

Ty 
a2 

IR 

L 
LBIR 461 173.73 1.59 12.40 7.14 1.83 

T IRLBIR 46ý 173.88 0.66 12.31 7.08 1.81 
y&3 ' 

IRLBIR' T 
, 
47 171.72 0.28 11.65 6.78 1.70 

ya 4 
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The grand average values of PaL (-10 -4 inch) and its statistical 

measures for the different fabric Samples from R. H. ý. 

rabric 

I 

Number Grand 
Range Standard Standard 

sample in each average R 
deviation error of 

reference sample 
of PaL 

-4 
G c. v. % mean, S. E. 

(10 -4 inch) 
(10 

f 
Anch) (10-4 inch) (10-4 inch) 

T IHLAIR 43 178.77 1.40 10.29 5.75 1.57 
yaI 

T IIHLAIR 43 176.71 0.70' 10.99 6.22 1.67 
ya2 

T IHLAI'R 46 174.81 1.31 11.26 6.44 1.66 
ya3 

T I HIA R 46 172 . 88 1.45 10.54 6.10 1.55 
y&4 

111LBIR T 44 176.73 0.55 14.04 7.94 2.12 
Y& 

IHLBIR T 47 174.91 0.78 13.67 7.81 1.99 
y&2 

T' 111LBIR 50 174.01 2.31 13.03 7.49 1.84 
y&3 

T 
y&4 

IHLBIR 45 172.35 0.66 1 4.50 8.41 2.16 

TyaI IRLBIR 47 175.70 0.61 13.27 7.55 1.93 

IRLBIR T 48 173.68 0.41 11.83 6.81 1.71 
ya2 

IRLBIR T 46 172.76 0.62 12.37 7.16 1.82 
ya3 

4I 
IýLB IR T 48 171.63 1.64 12.583 7.33 1.82 

y& 
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-4 The grand average values of p 
OD 

(10 inch) and its statistical 

measures, for the different fabric samples from L. H. S. 

Fabric Number Grand Range 
Standard Standard 

sample in each average R 
deviation error of 

reference sample 
Of PD 

-4 
Cy c, v, % mean, S. E. 

-4 (10 inch) 
10 inch) (10-4 inch) 

I 

(10-4 inch) 

T IHLAIR 30 198.78 1.91 0.545 0.274 0.099 
Yal . 

T 
2 

IBLAIR 30 196ý81 2.01 0.660 0.335 0.120 
y& 

IHLAIR T 30 196 . 56 2.10 0.594 0.302 0.108 
ya3 

T IHLAIR 30 195.92 3.66 1.055 0.538 0,193 
y&4 

IHLBIR T 30 191.71 2.66 0.833 0.434 0.152 
Y,, 

T JUDIR 
ya2 

30 187.71 3.61 1.087 0.579 
I 

0.198 

T JIILB IR 30 185.77 1.24 0.4 90 0.264 0.089 
ya3 

T 
ya4 

I 
HLB IR 30 184.07 3.92 1.224 0.665 

. 
0.223 

Ty., IRLBIR 30 179.85 2.52 0.916 0.509 0.167 

T 
ya2 

IRLBIR 30 178.63 2.49 0.887 0.498 0.162 

IRLBIR T 30 170.92 3.43 1.331 0.779 0.243 
ya3 

4 
IRLBIR T 30 163ý63 2.06 M26 0.505 0.151 

y& 
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-4 The grand average values of p 
OD 

(10 inch) and its statistical 

measures for the different fabric samples from R. H. S. 

Fabric Number 
Grand 

Range 
Standard Standard 

samýle in each 
average R 

deviation error of 

reference s-ýmple 
Of PeD 

-4 
-4 (10 inch) -4 

a c. v. % mean, S. E. 

-4 (10 
1 

inch) (10 inch) (10 inch) 

IHLAIR T 30 198.02 2.27 0.658 0.332 0.120 
Yal 

JIMAIR T 30 19 6.15 2.91 *0.859 0.438 0.157 
Y&ID . 

T IJILAIR 30 
'195*1ý 1.85 0.518 0.265 0.095 

Ya3 

JHLA IR T 30 194.72 3.68 1.176 0.604 0.215 
ya4 

1 

IHLBIR T 30 191.55 2.61 0.737 0.385 0.134 
ya I 

I HLBIR T 30 188.07 3.61 1.289 0.685 0.235 
ya2 

T IHLBIR 
ya3 

30 "-185.69 2.10 0.688 Q. 370 0.126 

T 
ya4 

IHLBIR 30 183.60 3.47 1.233 0.671 0.225 

Tya 
I 

IRLBIR 30 179.92 3.38 1.197 0.665 0.218 

T 
ya2 

IRLBIR 30 177. . 82 3.09 0.861 0.484 0.157 

IRLBIR T 30 170.82 3.47 1.115 0.653 0.203 
ya3 

Ty&4 IRLBIR 30 163.23 3.38 1.035 0.634 1.890 
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The grand average values of p 
a. 

(10-4 inch) and its statistical D 

measures for the different fabric samples from L. H. S. 

rabric Number Grand 
Range 

Standard Standard 

sample in each average R 
deviation error of 

reference sample of paD 
-4 

0 c. v. % mean, S. E. 
(10 -4 inch) 

(10 inch) (10-4 inch) 

I 

(10-4 inch) 

JHLA IR T 30 17P. 17 2.45 0.611 0.359 0.111 
ya 1 

T IHLAIR. 30 169.78 0.93 0.294 0.173 0.054 
y&2 

-T jHLA'R 30 169.64 0.92 0.329 0.194 0.060 
ya3 

111LAIR T $0 - 169.84 1.07 0.347 0.204 0.063 ". 
y&4 

IfILBIR T 30 170.21 1.22 0.248 0.146 0.045 
ya I 

T' JHLB IR 30 170.78 0.82 0.583 0.341 0.106 
y&2 

T IHLBIR 
y&3 

30 170.35 1.22 0.429 0.252 0.078 

T IHLBIR 
ya4 

30 170.03 0.82 0.363 0.213 0.066 

TY& 
IL 

RLB R 30 170.05 0.82 0.332 0.195 0.061 

T RLB I-R 
ya2 

'30 169.61 1.22 0.496 0.292 0.091 

RL13 R T 30 168.77 1.63 0.417 0.247 0.071 
ya 3 

T 
4 

R. LB R 30 169.01 
. 

1.63 
I 

0.509 0.301 0.093 
I 

ya 
I I --- -- -- - I .I 

p 
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The grand average values Of PaD (10 -4 inch) and its statistical 

.C measures for the different fabric samples from R. H. S. 

4 

Fabric N-L; rber 
Grand 

Range 
Standard Standard 

sample in each average R 
deviation erfor of 

reference s, -. mple of P. 13 -4 
a C. V. % mean, S. E. 

(10 -4 inch) inch) (10 (10-4 inch) 

I 

(10-4 inch) 

I 
1HLAIR 69.54 1.17 0.390 0.230 0.071 

Y81 

1 
HLA'j R T 30 169.01 ý1.17 0.367 0.217 0.067 2 ya 

T IHLAIR 30 168.92 1.29 0.380 0.225 . 069 
ya 

T -IHLAIR 30 169.21 0.82 0.307 0.181 0.056 
ya4 

IHLBIR T 30 170.44 Oo87 0.293 0.172 0.053 
ya 

T IHLBIR 30 171.00 1.31 0.396 0.231 0.072 
ya- 

T3 IHLBIR 
ya 

30 170M 1.31 0.353 0.207 0.064 

T IHLBIR 
ya4 

30 170.36 1.31 0.320 0.188 0.058 

T 
Yal 

IRLBIR 30 170.13 lo02 0.376 0.221 0.069 

IRLBIR T 30 169.72 1.45 0.545 0.321 
. 

0.099 
ya2 

IRL13IR T 30 168.79 lo3l 0.422 0.250 0.077 
ya3 

IRLBIR T 

1 
30 167.80 1.31 0.279 0.166 0.051 

ya 4 



ApRendix D11 

The grand avera&. values of L 
&D 

(10 -4 
inch) and its statistical 

671., 

measuress for the different fabric samples from L. H. S. 

rabric Ijuinber 'rand G Range 
Standard Standard 

sample in each average R 
deviation error of 

reference sample of LaD 
-4 

a c. v, % mean, S. E. 
(10-4 inch) 

(10 
0 
inch) (10-4 inch). (10-4 inch) 

Tya, IHLklR . 30 210.29 
1 

3.50 0.858 0.408 0.157 

Ty. 
2 

JHLA-jR 30' 208.12 2.08 0.617 0.296 0.113 

T IHLAIR 30 208.04 1.73 0.433 0.208 0.079 
,,, 

T I HLA IR 30 207.87 2.64 0.649 0.312 0.118 
ya4 

T JHLBJR 30 204.02 3.89 1.316 0.645 0.240 
Yal 

T IHLBIR 30 198.14 3.02 0.823 0.415 0.150 
y&2 

IMIR T 30 196.30 2.24 0.638 0.325 0.116 
ya3 

T IHLBIR 
y&4 

30 '195.40 2.67 0.847 0.433 0.155 

Tya 
, 

IRLB. IR 30 189.80 4.82 1.687 0.889 0.310 

TI RLB IR 30 187.37 5.14 
. 
1.666 0.889 0.306 

y&2 

Ty. 
3 

IRLBIR 30 180. '90 5.58 1.588 0.878 0.291 

IRLBIR T 30 173.77 - 3.75 l-. 149 0.661 0.211 
y. 4 
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The grand average values of L (10-4- inch)'and its statistical aD 

measures for the different fabric samples-from R. H. S. 

672. 

Fabric Number Grand Range 
Standard Standard 

sample in each average R 
deviation error of 

reference se. rn ple of L a -4 
a c. v. % mean, S. E. 

. 
-4 (10 inch) inch) (10 

(10-4 inch) (10-4 inch) 

JHLA IR T 30 210.35 2.33 0.728 0.346 0.133 
ya 2 

JHLAJ R T 30 20 7.96 1.64 0.472 0.2271 0.086 ya2 

. . 

IHLAIIR T 30 207.78' 1.81 0.532 0.256 0.097 
Ya3 

I 
IILA IR T 30 208.11 3.25 1.016 0.488 0.185 

Ya4 1 

T IHLBIR 30 204.24 3.65 1.160 0.568 0.212 
yal 

JHLBIR T 30 198.94 2.12 0.642 0.323 0.117 
y&2 

T IHLBIR 30 197.11 2.32 0.859 0.436 0.157 
Ya3 

T 
y&4 

IHLBIR 30 195.36 3.39 0.997 0.510 0.182 

T IRLBIR 
Yal 

30 190.63 4.55 1.513 0.794 0.278 

Tya2 IRLBIR 30 188.53 5.16 1.348 0.715 
. 
0.247 

IRLBIR T 30 181.47 4.07 1.326 0.731 0.243 
ya3 

IRLBIR T 30 173.33 4.67 1.234 0.712 0.226 
ya4 

f 
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Appendix D12 

The grand average values of I', 
D 

(10-4 inch , and its statistical 
I 

measures for the different fabric samples from L. H. S. 

673. 

Fabric Number Grand 
Range Standard Standard 

sample in each average R 
deviation error of 

referen ce se. -nple of L. D 
-4 a C. V. % mean, S. E. 

I 
(10-4 inch) 

(10 

; 
inch) (10-" inch) (10 -4 

inch) 

T IHLAIR 30 180.04 . 0.91 0.431 0.229 0.079 

T IHLAIR 30 179.69 2.44 0.504 0.280 0.092 
Ya2 

111LAIR T 30 179.88 0.91 0.348 0.193 0.063 
Ya3 

T IHLAIR 30 179.63 2.14 0.544 0.303 0.099 
y&4 

T IHLBIR 30 179.91 2.04 0.308 0.171 0.056 
ya I 

T IHLBIR 30 180.86 4.08 1.169 0.646 0.213 
ya2 

I 

T IHLBIR 30 180.41. '3.40 1.199 0.664 0.219 
, y&3 

T IHLBIR '30 179.89 3.13 0.838 0.466 0.153 
ya4 

1 

IRLBIR T 30 180.77 3.54 1.179 0.652 0.216 
Y&I 

T IRLBIR 30 180.75 3.40 0.953 0.527 0.175 
ya2 0 

IRLBIR T 30 180.25 1.63 0.435 0.241 0.080 
ya3 

T IRLBIR 
4 

30 179.98 1.37 0.. 456 0.253 0.084 
y a 

0 
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The grand average values of L (10-4 inch) and its statistical 
eD 

measures for the different fabric. samples from R. H. S. 

Fabric Number 
Grand 

Range 
Standard Standard 

sample in each 
average R 

deviation error of 

reference sample 
of LD 

-4 
0 c. v. % mean, S. E. 

-4 
a 

(10 inch) 
(10 inch) (10-4 inch) (10-4 inch) 

IHLAIR T 30 179.67 1.64 0.487 0.271 0.089 
y,, 

IHLAIR T 30 179.11 1.76 0.492 0.275 0.090 
y82 

JHLAJR T 30 179.19 1.88 0.311 0.173 0.057 
ya3 

IHLAIR T 30 179.26 3.05 0.675 0.376 0.123 
ya4 

T IHLBIR 30 '179.32 1.89 0.446 0.249 0.081 
Yal 

T IHLBIR 3'0 180.36 4.36 1.177 0.652 0.215 
y&2 

T IHLBIR 30 179.46 
,.,. 

-. 2.53 0.935 0.521 0.171 
y&3 . 

T IHLBIR 
y&4 

30 . 179.43 4.36 0.986 0.549 0.180 

T 
Y&I 

IRLBIR 30' 180.43, 
_ 

3.50 1.071 0.593 0.197 

T IRLBIR 
y&2 

30 180.26 3.21 0.979 0.543 0.180 

IRLBIk T '30 179.87 2.19 0.548 0.305 0.101 
ya3 

IRLBIR 'ý 

1 
30 179.46 

1 
1.75 0.621 

1 
0.346 

1 
0.114 

a4 

0 
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The grand average values of p 
Ow 

(10 -4 inch) and its statistical. 

measures for the different fabric samples from, L. H. S. 

Fabric Number Grand Range Standard Standard 

sample in . each 
average R 

deviation error of 

reference sample 
of P"U) -4 

0 c. v, % mean, S. E. 
(10 -4 inch) 

(10 
0 
inch) (10-4 inch) (10-4 inch) 

lHLAIR T 30 193.19 2.86 0.832 0.431 0.152 
yal . 

T IHLAIR 30 191.53 2.30 0.638 0.333 0.116 
y&2 

1 

T IHLAIR 30 190.798 3.33 0.955 0.500 0.174 
ya3 

IHLAIR T 30 189.63 5.08 1.348 0.711 0.246 
V&4 

T IHLBIR 
l 

30 187.26 57 1.054 0.563 0.192 
Ya 

T IHLBIR 3'0 183.04 2.31 1.183 0.6461 0.216 
y&2 

B JHL IR 
ý30 

181.56 1.37 0.535 0.295 0.098 
ya3 

T 
ya4 

IHLBIR 30 179.82 3.30 1.058 0.588 0.193 

T IRLBIR 
ya 

30 175.36 3.81 1.046 0.596 0.191 

T 
ya2 

IRLBIR 30 173.71 2.04 
1 .1 

1.256 0.723 0.229 

IRLBIR T 30 166.86 3.75 1.034 0.620 0.189 
ya3 

- I 

IRLBIR T 
1 

30 160.55 2.74 0.707 0.440 0.129 
ya4 

f 



676. 

p 

Appendix D13 

The grand average values of p -4 inch) and its statistical Ow 
(10 

measures for the different fabric samples from R. H. S. 

rabric Number 
. 

Grand 
Range' Standard Standard 

l sample in each average R 
deviation error of 

reference sample of p ew -4 a cov, % mean, S. E. 
(10 -4 inch) 

(10 

; 
indh) (10-4 inch) (10-4 inch) 

T IHLAIR 30 193.18 2.91 0.913 0.473 0.167 
Yal 

111LAIR, T 30 190.96 2.96 0.794 0.416 0.145 
ya2 

T IHLAIR 30 190.59 1.44 0*. 569 0.298 0.104 
Ya3 

T 
y&4 

IHLAIR 30 189.27 4.53 1.49 0.787 0.272 

TIT. B IR 
Yal ,I 30 186.81 3.00 0.891 0.477 0.163 

T IHLBIR 30 183.23 3.51 1.486 0.811 0.271 
), a2 

T 111LBIR 30 181.06 2.32 0.790 0.436 0.144 Ya3 

T JHLBJR 
ya4 

30 179.13 2.41 0.861 0.481 0.157 

T 
yalIRLBIR 

30 175.92 3.89 1.209 0.687 0.221 

T 
ya2 

IRLBIR 30 173.2b 3.18 1.003 0.579 0.183 

3 
IRLBIR T 30 167.14 3 . 58. 1.047 0.626 0.191 

ya 

ljý 
a41 

RýLB IR 30 159.65 . 2.99 1.034 0.648 0.189 
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Appendix D13 

The grand average values of PST (10 -4 inch) and its statistical 

measures for the different fabric samples from L. H. S. 

rabric. Number 
Grand 

Range 
Standard Standard 

sample in each 
average R 

deviation error of 

reference sample 
of p '' eT -4 

a C. V. % means S. E. 
-4 (10 nch) 

(10 inch) (10-4 inch) -4 (10 inch) 

IHLAIR T 30 190.06 4.48 1.186 0.624 0.216 
y,, 

TI HLA JR 30 188.35' 2,87- 0.921 0.489 0.168 
y&2 

T 111LAIR 3'0' 187.18 3.57- 1.190 0.636 0.214 
y&3 . 

IHLAIR T 30 186.39ý" 4.58 '635 1. 0.877 0.298 
ya4 

H LB 11'R T 
Yal 

30 184.86 3.19* 0'. 956 0.517 0.174 

T 
ya2 

IHLBIR 
30 181. '04' 3.45 0 . 993 0.548 

. 
0.181 

T IHLBIR 30" 179.29' l. 27 l. '035 0.577 0.189 ya3 

T 
ya4 

IHLBIR 30 l7i. 96" 3.02 0 . 954 0. '536 0.174 

T IRLBIR 
I 

30 173.27, 2.53 0.816' 0. -471 0.149 
ya 

T IRLBIR 30 171. ̂ 29' 2.56 0.835 0.487 0.152 
ya2 

IRLBIR T 30 164. '80, -, 2.77 0.952, 0.578 0.174 
ya3 

IRLBIR T 30 158.53 2. '72, 0.696 0.439 0.127 
ya 4 

-- --------- - L 
II 

0 
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The grand average values of 1) 
eT 

(. 10 -4 inch) and its statistical 

measures for the different fabric samples from R. H. S. 

0 

Fabric Number Grand 
Range Standard Standard 

szLT, ple in each average R 
deviation error of 

reference sample 
Of P 

eT -4 
a cov. % mean, S. E. 

-4 (10 inch) 
(10 inch) (10-4 inch) -4 (10 inch) 

T 111LAIR 30 190.93 2.38 0.699 0.128 
YAI 

T IHLAIR 30 189.13 3.38 1.049 0.555 0.191 
ya2 

T 111LAIR 30 188.40 2.43 0.694 0.368 0.127. 
Ya3 

IHLAIR T 30 187.554 5.19 1.33 0.709 0.243' 
Va4 

IHLBIR T 30 184.64 2.92 0.85 0.460 0.156 
Y&2 

IHLBIR T 30 180.53 3.6 1.004 0.556 0.183' 
Ya2 

T IHLBIR 30 178.37 4.0 1.124 0.630 0.205, 
Ya3 

IHLBIR T 30 176.95 2.39 0.789 0.446 0.144. 
ya4 

T IRLBIR 30 173.37 4.05 '1.255 0.724 0.229 
Yal 

T IRLBIR 30 170.86. 3.67 1.082 0.633 0.197 
Ya2 

T 
ya3 

IRLBIR 30 165.03 3.42 1.096 0.664 0.200 

T IRLBIR 
y&4 

30 1 157.76 2.88 0.814 0.532 0.153 
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The grandýaverage, values. of, p 
W. 

00 -4 inch) and its statistical 

measures, for the diffcrent fabric samples from L. H. S. 

rabric : Number Grand: 
7 Range Standard Standard 

sample 
, in each 

, average. R 
deviation error of 

reference sample 
of, P. 

w 
4 

-4 
inch) (10 

a 

-4 

C. V. % mean, S. E. 
-4 (10 ý inch), -; 

(10 inch) (10 inch) 

T IHLAIR 30 169.52 2.30 0.811 0.478 0.148 
Yal 

T 111LAIR 30 168.47.. 2.76 0.851 0.505 0.155 
y&2 

Ty 
a3 

IHLAIR 30, 169.31, ý 1.84, 0.574 0.34 0.105 

T IHLAIR 30 168.97, 2.30 0.784 0.46 0.143 
y&4 

T IHLBIR 
I 

30 169.48 0.81 0.347. 0.205 0.633 
Y& 

IfILBIR T 30, 169.7 9 2.45 0.721 0.425 0.132 
y&2 

T IHLBIR 30 169.39 2.45 Ci. 66 5 0.395 0.121 
Ya3 

T 
Ya4 

IHLBIR 30 169.07 2.04 d. 612 0.3,62 0.112 

Ty,, IRLBIR, 30, 169.25, 2.44 0.509 0.301 0.093 

T 
ya2 

IRLBIR 30 169.32 2.51 0.598. 0.353 . 0.109 

T 
3I 

RLB IR 30 167.95 1.37 0.492 0.293 0.090 
_ ya 

T 
a4 

IRLBIR 
1 

30 167.62 2.5'8 0.659 0.393 0.120 
y 

I 

A 
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The grand average values of p 
aw 

(10 inch) and its statistical 

measures for the different-fabric samples from R. H. S. 

0 

680. 

Fabric Number 
Grand 

Range. Standard Standard 

. sample in caph 
average R 

deviation error of 

reference s-, -,, nple 
fp 0 -4 a c. v. % mean, S. E. 
4 

in (10 ch 
(10 

; 
inch) (10-4 inch) (10-4 inch) 

IHLAIR T 30 169.22 1.22 0.590 0.349 0.108 
ya2 

T jHLA'jR 30 1.68.19 2.94 0.962 0.572 0.176 
Y&2 

T JIMAIR 30 168.7 9 1.52 0.448 0.265 0.082 
y&3 . 

JHLAJR T 30 168.31 3.28 1.018 0.605 0.186 
ya4 

IHLBIR T 30 16 8.95 1.31 0.425. 0.251 0.776 
ya2 

T IHLBIR 30 169.60 2.33 0.628 0.37 0.115 
ya2 

T IHLBIR 30 168.72 1.75 0.532 0.315 0.097 
Ya3 

T 
y&4 

IHLBIR 30 168.46 0.87 0.340 - 0. 
. 
202 

. 
0.062 

T 
Y&I 

IRLBIR 30 169.05 1.31 0.389 0.230 0.710 

T 
Y&2 

IRLBIR 30 168. ý7 1.89 0.559 0.331 
. 0.102 

T 
3 

IRLBIR 30 167.92 1.31 0.435 0.259 0.794 
ya 

T 
&4 

IRLBIR 30 166.69 
. 
3.05 0.731 0.438 0.133 

y 

0 

t 
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Appendix__Dl4 

The grand average values of p 
&'T 

(10 --4 inch) and its-statistical 

measures for the different fabric samples from L. H. S. 

0 

Fabric Number Grand 
Range Standard Standard 

. sample in each average R 
deviation error of 

reference sample 
Of PaT 

-4 
(10-4 i h) 4 

'7 

- 
c. v. 

'% 
mean, S. E. 

-4 (10 . inch) nc (10 inch) (3.0 inch) 

IHLAIR T 30 167.71 3.36 0.836 0.498 Q. 153 Yal . 

IHLAIR T 30 167.02 2.29 0.741 0.444 0.135 ya2 

IHLAIR T 30 167 .1 2 1.83 0.646 0.386 0.118 
ya3 . . 

IHLAIR T 30 166.69 1.53 0.603 0.362 0.110 
y&4 

IHLBIR T 30 168.36 0.81 0.282. 0.167 0.051 
y,, 

T IHLBIR 30' 169.03 2.04 0.603 0.357 0.110 
ya2 

T IHLBIR 30 ý168.53 
2.58 0.666 0.395 0.121 

ya3 

T IHLBIR 
y&4 

30 168.21 2.59 0.594 0.353 0.108 

IRLBIR T 30 167.95 1.37 0.461 0.274 0.842 
yaI 

T IRLBIR 
ya2 

30 167.; 4 '2.18 0.605 0.360 . 0.110 

T IRLBIR 
3 

30 166.60 1.22 0.355 0.213 0.648 
yA 

IRLBIR T 30 166.28' 2.31 0.593 0.357 0.108 
ya4 
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The grand averagelvalues of, p 
&T 

(10-4 inch) and its statistical 

measures for the different fabric samples from R. H. S. 

Fabric Numbcr Grand 
Range Standard Standard 

. sample in each 
average 

' R 
deviation error- of 

reference sample of p aT ' a c. v. % mean, S. E. 
(10-4 inch) 

(10 inch) 10-4 inch) -4 (10 inch) 

T 
Yal 

IHLAIRI 30 167.85 1.52 0.59 0.351 0.108 

111LAIR T 30 16 6.85 a. 05 0.958 0.574 0.175 ya2 

T IHLAIR 30 167.5 6 1.52 0.496 0.296 0.905 
ya3 . 

T IHLAIR 30 '167.14', 3.05 1.055 0.631 0.193 
ya4 

T IHLBIR 30 87 167. 1.44 0.464. 0.276 0.085 
Y&I ý 

IHLBIR T 30 _'168.16 2.19 0.604 0.359 0.110 
ya2 

T IHLBIR 30 167.52 2.18 0.502 0.300 0.092 
ya3 

111LBIR T 30 167.33', l. 31 0.32 0.191 0.058 
ya4 . 

T IRLBIR' 
al 

'30'_ '167.64 1.31 '0.394 0.235 0.072 
Y 

T IRLBIR 30 '167.49 1.74 0.468 0.279 0.854 
ya2 

IRLBIR T 30 166.61, 1.31 0.405 0.243 0.739 
ya3 

T IRLBIR 
a4 _30 

165.12 2.31 0.647 0.392 0.118 
y 



683. 

Appendix D15 

The grand average values' of L 
Ow 

(10 -4 inch) and i%. s statistical 

measures for the different fabric samples from L. H. S. 

Fabric Numbcr 
Grand 

- - Range Standard Standard 

.. sample - in each 
averageý 

,- ýR 
deviation error of 

reference sample 
of L- 
-4- 

a-w 
10 -4 inch) 

G 
* -4 

c, v. % mean, S. E. 
-4 (1.0 in, ch) 0 I inch) 10 inch) 

T 111LAIR 30 179.3 31 2.45 0.734 0.40 0.134 
Y&I ý . 

ýT 
&2 

IHLAIR 30 178ý. 592- 2.14 Oo729 0.408 0.133 
Y 

1HLAIR T 30 178.84 3.06' Oo85 Oo475 0.155 
ya 3 

JH LAJIý T 30 -178.90 
3.06 Oo993 0.555 0.181 

I y&4 _ 

1HLBIR T 30 179.360 1-64 0.493 0.275 0.090 
ya 2 

T 
ya 21HLBIR 

30- 180.564 5.17 1.456 0.806 0.266 

T3 IHLBIR 
ya 

30 -179.511 4.08, 1.090 0.607 0.199 

T' IHLBIR 
ya4 

30 
'179.005 

2.32 0.707 0.395 0.129 

Y&IIRLBIR 
T, 30 180.092 4.48 1.334 0.741 0.243 

T 
y&2 

IRLBIR' 30. 'ý- 179.717 4.08. 1.153 0.641 
90.210 

T 
y&3 

IRLBI R 
. 
30, ' 179.401 2.99ý 0.675 Oo376 0.123 

a- 4 
IRLBIR- 30 178.919 

. 
3.27 Oo814 0.455 0.149 

p 
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Appendix D15 

The grand average values of L' (10-4 inch) and its statistical 
Ow 

measures for the different fabric samples from R. H. S. 

]Fabric Number Grand 
Range Standard Standard 

sample in each average R deviation error of 

reference sample of L 
Ow -4 a c, v, % nican, S. E. 

(10-4 inch) 
(10 ýnch) (3.0-4 inch) (10 inch) -4 

IHLAIR 30 178.968- 4.46 0.966 0.540 0.176 
'YA 

IHLA-IR T 30 1 78.160 1.76 0.536 0.301 0.979 
y&2 

T IHLAIR *30 178.194 1.06 0.405 0.227 0.739 
Ya3 

IHLAIR T 30 17 8.289 2.34 0.559 0.313 0.102 
y&4 . . . 

T IHLBIR 30 178.446 
. 
1.45 0.559 . 0.313 0.102 

Va2 

IHLBIR T 30 178.787 4.08 0.991 0.554 0.187 
ya2 

T IhILBIR 30 178.330 
.,, 

3*. 64 0.953 0.534 0.174 
YA3 

TI IILB R 
ý30 

177.966 4.2 2 1.042 0.585 0.190 
y&4 . 

IRLBIR T 30 179.607 4.66 1.087 0.605 0.198 
Y&I 

T IRLBIR 30 179.597 4.08 1.150 0.640 0.210 ya2 . 

T IRLBIR 
a3 

30 179.426 4.15 0.940 0.524 0.172 y 

&4 
IRLBIR T 3 0 8.819 17 4. 

*22 
0.875 0.489 0.150 y 



Appendix D15 

The grand average values of L, 
eT 

(10-4 inch) and its statistical 

measures for the different fabric samples from L. H. S. 

rabric Number 
Grand Range Standard Standard 

-sample in each 
average R 

deviation error of 

reference se. -nple 
of L. T 

-4 
-4 (10 ý chj 

a 
-4 

c, v. % mean, S. E. 
-4 (10 

ý 
inch) n (10 inch) (10 inch) 

IHLAIR T 30 178.206 1.52 0.610 0.342 0.111 
ya 2 

T IHLAIR 30 178.029 2.29 1.182 0.664 0.216 
- ya2 

T IHLAIR 30 178.136 2.60 0.860 0.483 0.157 
Ya3 

I II LA R T 30 177.748 3.06 0.955 0.537 0.174 
. Va4 . 

, 
IHLBIR T 30 179.225 2.45 0.744 0.415 0.136 

y, 

T IHLBIR 30 180.143 4.22 1.256 0.697 0.229 
ya2 

T IHLB]R 30 179.539 4.49 1.2 83 0.715 0.234 
ya3 

T JHLBJR 
ya4 

30 178.871 
ý, 

2.32 0.723 0.404 0.132 

T. IRLBIR 30 '4.135 -. 
1.285 0.715 0.235 

ya 

T IRLBIR 
y82 

30 179.63 2.72 0.646 0.361 0.118 

I 

IRLBIR T 3 0 178.733 2.59 0.526 0.294 0.096 
ya3 ý 

IRLBIR T 30 178.441 2.45 0.639 0.358 0.117 
ya4 
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The grand average values of I 'eT 
(10-4 inch) and its statistical 

measures for the different fabric samples from R. H. S. 

686. 

Fabric Number Grind 
Rcinge Standard Standard 

sample in - each 
average. R deviation error of 

reference sample 
of L. T 

-4 
ft COV. 10 mean, S. E. 

-4 (10 inch) 
(10 

nch) (10-" inch) C)-4 inch) 

IHLAIR T 30 178.087 1.64. 0.405 0.227 0.074 Yal . 

111LAIR T 30 177.872 1.17 0.341 0.192 0.062 ya2 . 

T IHLAIR 30 177.365 1.17, 0.559 0.314 0.102 
ya3 

IHLAIR T 30 177.495 1.17 0.396 0.223 0.073 
y&4 

T 
, 

IHLBIR 30 178.62 3.35 0.816 0.457 0.149 
y, 

T JHLB IR 30 178.62 5.24 1.015 0.568 0.185 
ya2 

T JIILB IR 30 178.64 3.78 1.16ý 0.650 0.212 
ya3 

T IHLBIR 
ya4 

30 178.05 2.49 1.025 0.576 0.187 

T 
aI 

IRLBIR -30 178.917 2.90 0. '874 0.488 0.160 
y 

T IRLBIR 

ya2 
30 179.14 3.121 0.993 0.554 0.181 

T IRLBIR 30 179.08 3.21 0.970 0.542 0.177 
Ya3 

T 
a4 

IRLBIR 30. 178.57 3.20 1.025 0.574 0.187 
y 

0 
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Appendix D16 

The grand average values of L 
aw 

(10-4 inch) and its statistical 

measures for the different fabric samples from R. H. S. 

Fabric Number Grand. Range Standard Standard 

sample in each 
average R 

deviation error of 

reference sample 
of L 

aw -4 
-4 (10 ýnch) -4 

c. v. % mean, S. E. 
-4 10 inch) (10 inch) (10 inch) 

1HLAIR T 30 208.25 2.67 0.794 0.381 0.145 
Y. 1 

IHLAIR T 30 205.77 2.18 0.616 0.299 0.112 
ya2 

IHLAIR T 30 205.39 3.71 0.780 0.380 0.142 
Ya3 

T 
y&4 

IHLAIR 30 205.94 5.14 
. 
1.057 0.513 0.193 

T IHLBIR 
l 

30 202.373 4.27 1.348 0.666 0.246 
Ya 

T IHLBIR 30 196.805, 3.20 1.104 0.561 0.201 

ya2 

T IHLBIR 30 194.68 .. 
2.75 0.727 0.373 0.133 

ya3 

TI IILB R 
ya4 

30 193.264 3 . 24 0.912 0.472 0.166 

T IRLBIR 
Ya2 

30 189.46 4.12 1.402 0.740 0.256 

T IRLBIR 30 186.67 5.62 1.552 0.831 0.283 
ya2 

IRLBIR T 30 180.235 4.59 1.329 0.737 0.243 
ya3 

j 

T IRLBIR 30 172.109 3,12 1.156 0.672 0.211 
ya4 

ý 
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Appendix D16 

The grand average values of L& 
w(10 

-4 inch) and its statistical 

measures for the different fabric samples from L. H. S. 

Fabric Number 
Grand 

Range Standard Standard 

-sample in each ý 
average R 

deviation error of 

reference sample 
Law 

-4 Cr c, v. % mean, S. E. 
(. 10-4 inch) 

(10 inch) (10-4 inch) (10-4 inch) 

T IHLAIR 30 208.16- 2.06 0.703 0.338 0.128 
Yal 

JHLA. JR T 30 206.18 2.91 0.939 0.455 0.171 
Ya2 

T IHLAIR 30 206.09 3.03 0.651 0.316 0.119 
ya3 

IHLAIR T 30 206.26 2.84 0.78 0.378 0.142 
Ya4 

T IHLBIR 30 202.50 3.67 1.375 0.679 0.251 
yal 

T IHLBIR 30 196.64 2.12 0.696 0.354 0.127 
Ya2 

T IHLBIR 30 194.85 3.14 0.687 0.393 0.125 
ya3 

T IHLBIR 30 193.685. 3.83 1. *038 0.536 0.189 
ya4 

T IRLBIR '30 188.195 6.49 1.629 0.86.5 0.297 
yaI 

T IRLBIR 30 5.53 1.592 0.860 0.291 
ya2 

T RLB IR 30 179.02 4.79 1.455 0.813 0.266 
ya3 , 

IRLBIR T 30 172.409 4.15 1.042 0.604 0.190 
ya4 

688. 
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Appendix D16 

-4 
The grand averacre values of L (10 Anch) and its statistical aT 

measures for the different fabric samples from L. H. S. 

Fabric Number , Grand Range Standard Standard 

. sample in each 
average R 

deviation error of 

reference sample 
La 

T 
-4 ' 

Cy c. v, % mean, S. E. 

(10, inch) 
(10 inch) -4 (10 inch) -4 (10 inch) 

T IHLAIR 30 206.73 3.07, 0.952 0.460 0.174 
yal 

111LAIR T -30 204.35 2.81 1.057 0.517 0.193 
ya2 

T IHLAIR 30 204.73' 3.12 0.709 0.346 0.129 
ya3 

T IHLAIR 30, 204.56 3.60 0.852 0.416 0.155 
ya4 

HLB R T 3'0 201.753, 4.53 1.369 0.678 0.250 
Yal 

T IHLBIR 30 196.013 2.84 0.759 0.387 -0.138 
ya2 

T IHLBIR 30 194.64- 2.46' 0.676 0.347 0.123 
ya3 

T IHLBIR 
ya4 -30 193.615 3.23ý 1.006 0.519 0.184 

T IRLBIR 30 187.839 4.73 1.530 0.814 0.279 
Yal 

IRLBIR T 30- -184.05, 4.33 1.376 0.744 9.251 
y&2 

IRLBI R T 30 178.061 5.96 1.683 0.945 0.307 
ya3 

- 

T - a4 
IRLBIR 30 171.860 4.59 114 0.648 0.203 

y 

I 
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ApTendix D16 

-4 The grand average values of LaT'(10 
. 

inch) and its statistical 

measures for the different fabric samples from R. H. S. 

Fabric Number 
Grand, Range Standard Standard 

. sample in I each 
average- R 

deviation error of 

rýference sample 
of L, 

T 
-4 

a c, v, % mean, S. E. 
(10-4 inch) 

(10 inch) (l, -4 inch) (10-4 inch) 

T IHLAIR 30 206.89 4.10 0.939 0.454 0.171 
yaI 

T IHLA-IR 
a2 

30 204.730 2.01 1.070 0.523 0.195 
y 

IHLAIR T 30 204.8108 4.57 0.903 0.441 0.165 
y&3 

T IHLAIR '30 204.89 3.2T 0.489 0.239 0.089 
ya4 

T IHLBIR 
l 30 201.595 4.55 1.320 0.655 0.241 

Ya 

T IHLBIR 
ya2 

30 196.713 4.17 1.086 0.552 0.198 

T IHLBIR 
Ya3 

30, 194.938 2.85, 0.803 0.412 0.147 

T 
ya4 

JHLBJR 30- 193.307 3.23 1.156 0.598 0.211 

T IRLBIR 
Yal 

30 188.852 6.22-- 1.582 0.838 0.289 

T IRLBIR 30 ý'186.153 4.62 1.429 0.768 . 0.261 
ya2 

T IRLBIR 30', 170.79 4.92 1.306. 0.726 0.238 
Ya3 

T IRLBIR 30 171.474 ý4.63 1.229 0.717 0.224 
ya4 
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Appendix D17 

The grand average values Of the percentage changes in WL from that 

at th6 fell and its statistical measures 

Fabric Number 
Grand 

average Range 
Standard Standard 

sample in each values of IR 
deviation 

c v % 
error of 

mean S E 
reference sample change M . , , . . 

M 
in WL 

IHLAIR T 30 5.73 1.36 0.38 6.69 0.07. 
Y&I , 

T 2I HLA R 30 5.73 1.31 0.35 6.19 0.24 
Ya 

111LAIR T 30 6.06 1.36 0.42 6.90 0.25 
y&3 

T JHLAIR 30 6.31 1.36, 0.36 5.68 0.25 
y&4 ' 

T 111LBIR 
l 

36 5.24 1.00 0.21 4.07 0.035 
Ya 

T IHLBIR 3'6 4.92 1.20 0.29 6.00 0.048 
y&2 

TY 
a3 

IHLBIR 36' 5.12 0.87 0.28 5.47 0.0 47 

T 
ya4 

I 
IIL BIR 36 5.27 1.53 0.39 7.42 0.065 

Tya IRLB IR 36 5 . 55 1.20 0.30 5.40 0.05 

T 
ya2 

IRLBIR 36 5.82 1.77 0.35 6.02 0.058 

IRLBIR T 36 6.33 2.11 0.43 6.78 0.072 
ya3 

I 
RL13 IR T 36. 6.05 

.' 
1.77 

I *- 
0.39 6.43 

I 
0.065 

I 

y&4 .1 
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. -Appendix D17 

The grand average values Of-Ahe percentacge changes in W. from that. 

at the fell and its statistical measures 

Grand 
Fabric Number average -Range 

Standard Standard 

sample in each valt! es of R 
deviation error of 

reference sample change' "O M a c. v. % means S. E. 
' wM 

M M 

T IHLAIR 30 5.70 1.44 0.32 5.69 0.058 
y,, 

T 111LAIR 30 5.66 1.43 0.29 5.22 0.053 
ya2 

T 111LAIR 
y&3 

30 5.92 0.72' 0.26 4.36 0.047 

T 
y&4 

IHLAIR 30 6.17 
-0.71 

0.19 3.15 0.035 

., 
111LBIR T 36 5.163 1.06 0.22 3.89 0'. 037 

y 

IHLBIR T , 
36 

--5.46 . , . 10 . 
67 0.23 4.29 - 0.038' 

y&2 . 

T IILB R '36 5.59- 0.67 0.16 2.80 0.027 
Y&3 

T IILB R 
y&4 

36 5.90 0.73 0.19 3.31 0.032 

T IRLBIR 
l 

36 5.55 1.06 0.30 5.49 0.05 
ya 

IRLBIR T 36 5 . 85 1.06- 0.29 4.99 0.048 
ya2 

T 
&3 

IRLBIR 36 '6.3_3 2.11 0.43 6.78 0.072 
y 

T IRLBIR 
&4 

36 
_6ý. 

05 1.77 0.39 6.43 0.065 
y 
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The grand average values of, the percentage changes in WR from that 

at the fell. and-its statistical measures 

693. 

Fabric Number 
Grand 

average Range Standard Standard 

sample in each values of R 
deviation 

c v % 
error of 

wcan S E 
reference sample change M a 

M 
e , , . . 

M 
in WR 

1HLAIR. T' 30 6.13 1.65 0.44 7.18 0.080 
1 ya 

T 
a2 

IHLAIR 30' 6.03 1.65 0.38 6.24 0.069 
Y 

1HL AIR T 30 6 . 62 1.64 0.39 5.57 0.071 
ya3 I 1 

Tya 
41HLAIR 

30 6.49 1.08 0.27 4.15 0.049 

I 
IHLBIR T 36 4.95 1.00 0.26 5.24 0.043 

ya 

JHLBJR T 36 4.85 0.67 0.15 3.19 0.025 
y&2 

T 111LBIR. 
y&3 

3 65 4.94 'ý'' 0.67 0.24 4.91 0.040 

Ty 
a 

IHLBIR 36 5.10 1.00 0.23 4.54 0.038 

T 
Yal 

I RLB IR 36- 5.47 0.23 0.15 2.75 0.025 

RLB IR T 36 5.43 1.39 0.30 5.59 0.05 
ya2 

IRLBIR T 36 6.31. 1.00 0.34 5.48 0.057 
ya 3 

Týa 
41 

RLB IR 36, 5.93 1.05 0.37 6.34 0.062 
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Appendix D17 

The grand average values of the percentage changes in WRs from that 

at the fell and its statistical measures 

Grand 
Standard Standard Fabric Number average Range 

deviation error of 
sample in each values of R 

a c. v. % 
ean S E 

reference sample % change M M , m . . M 
in WRs 

, 
IHLBI T 36 5.78 2.94 0.69 12.03 0.115 

y, 

T 2 
JHLBJ 36 5.70 2.39 0.53 9.22 0.088 

ya 

T 3 
JHLBJ 36 5.54 2.75 0.51 9.16 0.085 

ya 

IHLBI T 36 5.87 2.30 0.54 9.21 0.090 
ya4 

T 
al 

IRLBI' 36 6.82. 1.65 0.37 5.49 0.062 
Y 

T IRLBI 
&2 

36 6.62 2.86 0.74 11.31 0.123 
Y 

T 
ya3 

IRLBI' 36 7.05 2.29 0.62 8.86 0.103 

T 
ya4 

IRLBI 36 7.40 1.66 0.41 5.49 0.068 
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Appendix D17 

The grand average values Of the percentage ch,; nges in WT from that 

at the fell and its statistical measures* 

Fabric Number 
Grand 

average Range 
Standard Standard 

sample in each values of' P, 
deviation error of 

ref erence s, -ýmple % change M a c. v. % mean, SeE. 
M 

in W 
T 

T IHLAIR 30 5.84 1; 21 0.30 5.11 0.055 ya 

T JHLAJR 30 5.80 0.82 0.18 3.12 0.03 3 
ya 2 

. . 

T IILA IR 
-0 6*. 18 

. 
0.82 0.25 4.00 0.046 - . ya 

T IHLAIR 30 6.32 1.05 0.18 2.80 0.033 
ya-4 

T JHLB IR 36 5.47 1.14 0.29 5.32 0.048 
ya I 

T JIMB IR 3G 5.33 0.93 0.20 3.69 0.033 
ya 2 

T IHLB-IR 36 . 42 5 0.83 0.22 4.11 0.037 
Y. 3 

. 

T IHLBIR 36 5.64 0.94 0.22 3.89 0.037 
ya 4 

IRLBIR T 36 5.89 0.73 0.20 3 . 213 0.033 
Y& I 

T 
ya 2 

IRLBIR 36 5.99 0.93 0.26 4.31 0.043 

IRLBIR T 36 6.64 1.19 0.31 4.61 0.052 
ya3 

IRLBIR T 36 6.43 0.74 0.19 2.97 0.032 
ya 4 

0 
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