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THE EFFECT OF THREAD SWELLING PERCENT INSIDE WOVEN CLOTH ON
FABRIC DIMENTIONAL PROPERTIES UNDER DIFFERENT VALUES OF
INTIAL COVER FACTOR AND THREAD AVERAGE FLOAT RATIO
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ABSTRACT: This investigation includes conclusion, selving and graph-
ical representation of the mathimatical relations between the relat-
ive increase of thread diameter caused by swelling due to wet finish-
ing processes and relative changes in fabric shrinkage, thread dens-
ity, ecrimp%, fabric weight/unit area, weight/unit volume and total
cover factor Ffor balanced fabrics under different values of intial
cover factor and thread average float ratio. The results indicated
that only by using computers these equations were possible ko be
solved giving the opportunity to expect the effect of Fabrie struc-
ture and thread density on shrinkage behavior and corocsspondant FfFab-
ric dimentional changes and giving the chance to choose the suitable
Fabric constructure and to Fill the gap between theory and practice,

INTRODUCTION

Most of finishing process applied on grey fabrics are wet pro-
cesses where fFibers such as cotton and wool swells by the effect of
water absorbtion causing thread cross sectignal area to inecrease and
tending to make yarns circular /2/, the finishied fabric is again
subjected to the same wet treatment during enduse in the form aof
garment due to frequant washing, both wet treatments cause the Ffabric
to shrink mainly in length and bring a lot of dimentional changes in
fabric properties and hence physical and mechanical, such changes Found
practically to be irreversible i.e. fabric does not regain its shape
after drying.

Fabric shrinkage in particular has attracted the attention of
cloth traders and garment makers mainly to mentain shape and size of
already made garments during enduse and to ensure an acceptable
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shrinkage limits to customers, thus shrinkage measurment became one
of the standard guality tests although swelling of fibers and yarns
affects thread denpsity, crimp%, fabric thickness, cloth cover factor,
weight/unit area and weight/unit volume. Practical experiment on
shrinkage and number of washing times and type of row material indi-
cated that dimentional changes continue to change for sometime during
enduse /4/ and with the gradual increase of quality standards, the
necessity to antishrink or shrink-resiatant fabrics began to be urg-
ent and anti shrinking /2,6/, treatments and machines began to be
used on industrial scale as an option according to dealers requir-
ments, the idea of such treatment is based on drying the fabric bet-
ween 250-3009C on curved rubber belts causing some compulsary degree
of shrinkage in advance and whether fabric shrinkage is caused by
thread swelling or Fabric relation after stretching /2/ it seems to
be an undesirable property, while in case of producting crepe /53/or
mercerized fabrics shrinkage behaviour seems to be very required
even with 25%.

The mathimatical models or theoritical approach of the relat-
ions between swelling and shrinkage with other fabric properties
seemed to be missing and the gap between particeyand theory was
very wide inspite of the cabablities of using camputer to soclve
such problems. This work is intended to be begining of a series of
theortical studies to gquantify these relations and to give the cha-
nce to estimate the swelling effect or shrinkage affect on dimen-
tianel fabric properties.

[.17- The relation between crihped length, thread diameter and thread
gpacing for balancad plain weave.

Fig. (1) shows a balanced plain weave of circular cross~-section
- half a rpeat is anough to represent such symeterical geometery -
where thread diameters in both direction were allowed to increase
fFrom their intial value D0 to D resulting a decrease in their thread
spacing from P_ to P, to relate this decrease - practically known
as shrinkage% - tg diameter increase - praetically swelling% - a
mathimatical equations must be derived considering the consistancy
of crimped length (L), and fully flexible threads.

Nomenclature

D thread diameter after swelling

Do intial thread daimeter

P thread spacing

P0 intial thread spacing

L thread crimped length Ffor half repeat of plain fabric

8 wrap angle between warp.weft.

Ik intial fabriec cover factor.

LS total crimped length per repeat for Fabric of average float
T ratio 1 :

F thread average float ratio.

L = ab + bd + dg measured along its neutral axies (abdg)

L = 2(ab + be) as ab = dg = arc length against angle (@)

bd = straight length=2Xbc
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Fig.(1) Balanced plain weave cross-section under
swelling effect.

the straight length (bd) could be calculated as follows:

2 be =2 ¥ (m c)2 - Dg (from & m bc)
=2{£(mn)2-og (mc = } mn)
= 2 {hé 2 + 0502 (as(mn® = #2 + D2 froma mna)
2

b - vpo-znz R EE

the arc length of (ab) estimated by calculating first the wrap angle
{(8) as follows:
bd.Sin 8 D0 -2 D0 (1 - Cos 8) fromabcde andad nf
{bd.Sin 8 + 00)2 = (2 D, Cos 9)2
B3-5in%9 + 2(bd).D_.Sin 8 + D2 - 4D2 (1 - Sin” @) = 0

(Bal+a Dg) 5inlgQ + 2 D,.(bd).Sin 8 - 3 Dg = 0

-20_ (ba) oy (2(hd).no)1+ 4 ((bd)? + 4 Dﬁ). 3 Dz

Sin 9 =
2 2
2 ((bah) *‘“Do)

neglecting the other roat of equation as wrap angle is nat allowed ta be = 180°.
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Using egquation (1) 7 . 2z
—D0 P0 -3DC+ 2D P
.". B = arcsin 2 Q9 e (23
2 2
P> + D
0 Q

w71 D,y Pz -302+znp :
P> -3 D" + 2 D _acc sin
o] Q o]

L = ° 2..(3)
D ‘ 7
. f(P/D 2-3+2P/D .
L/DO = (PO/DO) - 3 + 2.arc sin 5
(PO/DO} +1
if G = PO/DO, = L/DO
w 2
2G - G°-3
R VG2-3 + 2 arc 3in 3 e (8)
G® + 1

hence the caonstant crimpéd length (L) related to the intial diame~
ter (D_) could be calculated from intial conditien of P /D {prac-
tically reciproecal of the cover fractional ratio).

Equation (3) could be then writted after diameter increase and
thread spacing decrease in a general formula of (P} and (D} and
dividing both sides by D  and substituting P/D, =Y, D/Do = X.

The General formula could be written as follows:
{ 2 2
Z = Y2 -3 Xz + 7 X arc sain 2XY - X' Y ~-3X .
2 2
+ X

.. (5)

Y

where I represents the congtant crimped length which could be cal-
culatedlintial condition.

Y the thread spacing related to intial thread diameter.
X the thread diameter related to intial thread diameler.

As shown from equation (5) it is difficult to estimate the effect
of (X) as an independant variable on Y as dependant variable at
constant values of Z and only by computation such problem could
be solved by assuming an intial values for Y for given value of

X and Z then by looping method the correct value of Y could be
estimated and from (X) & (Y) the relation between thread swelling
and thread spacing could be jllustrated as in Fig.(2). A

1.2- Tha effect of thread swelling parcent on shrinkage

By taking the basiec structural unit of plain weave the fabric !
shrinkage S% could be calculated as follows: &

or

fabric shrinkage 3% =

intial thread spacing-final thread spacing < 100

intial thread spacing I
3

v
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- P/Po) x 100

{(1-Y/6) x 100 cer i (6)

By using equations(S) and (6) the relation between S% and(X=D/D )
could be cobtained at different values of G as in Fig.{3) where

X is represented as swelling percent (D/D°-1) and G is represented
as intial ecloth cover factor IKe.

_ .28 28 28 28 1
where I[Kec = — * A - g C * 38
. 28 S
: =% (2 5 ) e (7D

Areal fabric shrinkage % could also be calculated as;

2

((1 - 592-1) x 100 = (s% - 25) x 100

1.3- The relation between warp and weft crimp and awelling percent
By taking the same basig unit of plain weave:

The Crimp % = (L - P}/P x 100

(L/P - 1) x 100

((L/DO)/(P/DO) -1) x 100

(Z/Y - 1) x 100 veo (B)

as (Z) is a constant depends on value of G then the relatieon bet-
ween C% and gswelling percent (X - 1) could be estimated using equ-
ations{B) and (5) as in Fig. (4) for different values of IKc.

1.4- The relation between fabric cover factor and thread swelling%.
As the general formula of fabric cover factor Ke equals:

= warp cover factor + weft cover factor - 1/28
(warp cover factor x weft cover factor)

. Ke = 2x2B(D/P}- 1/28 (DZ/PZ).... in case of balanced weave
= 56 (D/D)/(P/P ) - 1/28 (D/DO)Z/(P/PO)Z
s 56 X/Y - 1728 x%/y2 v (9)

The relation between Kc and {X-1) for difficent IKc values could
be obtained as in Fig.{(5}.

1.5~ The relation batween relative fabric weight/unit area (w*) and swelling¥.

As (w*) - fabric weight/unit area after shrinkage-fabric intial weight/unit area
Intial fabric weight/unite area

= (W/wa—1) x 100
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1.01/P ). (1+C )

Cas W = 2. 1.01/P). (1+0) ) W o= 2. 0 0
N_.S 0 N .S
e e

P
whow oo (=28 4y 100
P(1+C )

P /D (1+C)
s (—2-2 ___ _ 1) x 100
P/D, (1+C_)

W oo (B0 gy 00 e (10)

Y(1+C0)

As (G) and C_% are constants the relation between H*% and swell-
ing percent ?(x-1)x 100) could estimated from the corrospondant
values of Y and C% at different values of IKc as in Fig. (6).

1.6=- The reletion between volumetric density rstio and thread
swalling percent.
Assuming a piece of fabric of unit area and fixed weight Q
and intial thickness 2 DO:
g
1.1.290
]

_ Q
Final fabric weight/unit volume (1-§)(1-5). 20

Intial fabric weight/unit wvolume

final fabric weight/unit volume

intial fabric weight/unit volume

Volumetric density ratio

- 1 Do
(1-5)2 b
1 RS EED!

X(1-5)2

Fig.(7) shows the relation between swelling percent and volumetric
density ratio at different values of IKc.

2.1~ The mathimaetical relation between the crimped thread length
per unit repeat and average fabric float ratio.

Let for example a balanced fabric of 1/2 as a pattern of
thread interlacing in both warp and weft directions-which is pra-
ctically used as a type of twill or irregular matt weave-, a full
repeat is shown in fig.{B8). The total crimped length (LT) per
unit repeat could be calculated as follows:

Ly = ab + bc + cd + de + ef + fg + gh + hi + 1]
de ef hi = arc length against angle @
cd fg gh

.

as ab
and bc

—_— e~
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s Thread spacing/Intlal diameter
[Ko=10.08
4
\ \119811.00
\ Ko=12.25
3 Ke=13.71
Ko=18.56
\ Ko=17.92 average float = 1
2 L i f I
0 40 80 120 180
Thread swelling percent
Fig(2) Thread swelling % — Rel.thread spacing
at different intial cloth cover factor
8 Fabric shrinkage percent
Ka=10.08
Eo-u 4]
EﬂI 1R.28
Eo=13.71
12 Kex15.58
Ko=17.92 // ///
8
avorags floats=t
0 1 ) I 1
0 40 80 120 180

Thread sweiling percent

Fig(3) Thread Swelling % - Shrinkage 7%
at different intial cloth cover factor
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Crimp percent

Jummmed condition (max. crimp=20.9 %)

0 1 I S
0 40 80 120 180
Thread sweiling percsnt

Fig(4) Thread swelling % - Crimp %
at differsnt intial cloth cover factor

20,9

average floatsl

Cloth cover factor

23 Jammad condition (max. cloth cover factor=23)
Ees17.42 ¢=10.08
74
average floatal
8 S L o
0 40 80 120 1ag

Thread sweiling percent

Fig(5) Thread swelling % - Cloth cover
at different intial clotk cover factor
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5 Relative weight/unit area
Ee=10.08
Ee=11.08
Ko=12.29
Ke=14.71 /
30 [Ec=16.58
ko=17.02 /
o/
average floatzl
0 ] 1 ) I
0 40 80 120 180
Thread swelling percent
Fig(6) Thread swelling % - Rel.weight/unit area
at different intial cloth cover factor

Fabric densaity ratio

100
[Ke=17.92
[Ec=1%5.58
80
\_, Ko=13.71
Kc=12.2%
80 Kce=11.08
e——— " [Kc=10.08

40 . | , averaga float=]

o 40 80 120 160

Thread swelling percent

Fig (7) Thread swelling % - Fabric

density ratio
at differeat intial cloth cover factor
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[N SEVIRER S—

one repeat

Fig.(8) Balanced fabric of 1/2 thread interlacing.

1]

Thefefore Ly 2(2 ab + 2 be + 4 ij)

2(L + & p).

The average thread float ratio by definition {(F):

total number of ends/regeat

F =
number of interlacing/repeat
= A2 = 1.5 (in case of 1/2 thread interlacing)
2
Ly = 2(L + (F-1)P) v (12)

Equation (12) could be used as general formula to calculate the
total crimped length (LT) for any average float ratio.

LT/DO = zr_/D0 + 2(F -1).P/D0
Lz, =2z 20(F - Ly
s 21 v? - 3x% 4 uXiare ain B 03K g ry Ly
Yo+ X
e (13)

To illustrete graphically such relation where a new indepen-
dant variable {f) have been added it is necessary to fix a certain
value for (Z) by mesns of Choosing a certain value Ffor P_/D_ which
corrosponds to intial fabric cover float [Kec, the value Yo0.88 for
IKc was choosen to relate between the value {X-1) and {Y) by com-
puting at different values of (F). Fig.(9) shows the relation
between (X) and (Y) at different values for average thread float.

]
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2.2- Effect of thread ewelling percent on crimp % at different
values of averags thresd flost ratio.

LT -3p
C ¥ £ ——— (in caae of 1/2 thread interlacing)
P
C g = 2L + P - 3P
Ip
2
= 5 (L/P-1)

.". general formula for crimp could be described as:
C %= (L/P-1) = - (2/¥-1) e (16)

Using equations(13) and (14) the relation between C % and swe-
lling percent could be estimeted as in Fig. (10).

2.3- Effset of swelling % on fabric cover factor and shrinkegaf.

Using equations (&) and {9) with the relation between X, Y
from equation (13) the fabric cover factor and shrinkage % could
be estimated as in Figs. (11) and (12) raspectively.

24~ Effect of thread awelling % an relatlve weight per unit aresa
-
(W ).

Using equation (10) with the correspondent values Y from
equation (13) and correspondent values of crimp eq. (14) the
relation between swelling percent and relativa weight/unit area
could be estimated as in Fig, (13},

2.5- Effact of awelling psrcent on volumetric density.

Using equation (11) with the correspaondent values of shrinkage
percent the relation between swelling percent and the ratio of
volumetrie density could be illustrated as in Fig. (14).

DISCUSSION AND CONCLUSION

It is obvious that the mathematical relations between the
various fabric parameters affecd by thread swelling were genuine
and sucessful, featured by the difficulty of finding a proper
mathematical solution as seen from equations (5) and (13}, and
only by the use of computer it was possible to overcome such dif-
ficulty to represent and analyize these relatians.

The assumption of mentaining the crimped length (L) and (L
as constants was very effective and proved to be reasconable anJ
probably very near from actual conditions., 1IFf flattaning is to
be added as Bn intial shape of thread cross section the model
could be extended further. It is also obvious from the graphical
representation of the derived equations that the following con-
clusions could be reached.

)
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5 Thread spacing/intial dlameter

A.?.wq
F.=2.p
4.6 \ Xz
AF=1.3
AF.=1
4,2
Xe = 10.08
3.8 — 1 ] g 1
0 30 80 80 120 150 180
Thread swelllng percent
Fig(9)Thread swelling % - Rel.thread spacing
at different average float
Crimyp percent
24 PP
AF=1
18
AFP=1.5
AF.22
AF.22.5
B e
AR=3
[Ke=10.08 }
0 | L 1 ) |
0 30 80 20 120 150 180

Thread sweiling percent

Fig(10) Thread swelling % -~ Crimp %

. at different average fldat
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Cloth cover factor

16

[Ee=10.08

B ] l i
0 30 60 80 120 150 180

Thread swelllng percent

Fig(11) Thread swelling %Z - Cloth cover

at different average float

8 Fabrle shrinkage percent

AF.=1
12
AF=13
AF.=3
b
" - Aras

AF. =3

Ee=10.08
0 30 80 80 120 150 180
Thread swelling percent

Fig(12) Thread swelling. % — Shrinkage %

at different average float
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6 Relative weight/unit area

AR.=1

24 AF.=1.5

AF.=2

AP.=2.5

AF.=2

Ke=10.08
| S 1 S | t
0 30 8o 90 120 150

Thread swelling percent

Fig(13)Thread swelling % ~ Rel.Weight/unit area

at dlfferent average float

0 Fabric density ratio

180

80

BOF

Ke=10.08

40 ] i ) —| -l
0 a0 80 90 120 150
Thread swelllng percent

Fig(14) Thread swelling % — Fabric

density ratio
at different average float
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By the increase of thread swelling % which is indicated by
relative increase of thread diameter, the relative thread spacing
decreases i.e. increases of thread density per unit length and the
increase of intial cloth cover factor decreases the allowed range
for thread spacing decrease, while the increase of thread average
float ratio tends to reduce such rate of decrease.

Shrinkage % is considered to be the practical form of thread
spacing decrease and it is affeced by both intial.cover factor anq
average float ratio, e.g. at 2Z5% swelling the shrinkage reachgs 8%
at intial cover factor of 18 app. while reaches only 1% at intla;
cover factor of 10 app. At the same time the max. shrinkage %_1n
the first case reaches only 10% while it can reach easily 16% 1in
the second case and when the average float ratio was increased
fram 1 to 3 the shrinkage decreased from 14% to 3.5%.

Crimp percent is obviously increszses by the increase of swel-
ling% intially with different rates and finally with approaxmatly
equal rates under the effect of intial cover factor ending with
20.8% for all values of cover factor at jammed condition and when
ineressing the average float ratio from 1 to 3 the crimp % decre-
ased from 12% to 2% at 100% swelling.

The cloth cover factor is mutally increased by both increase
af crimp % snd decrease of thread spacing which are both intiated
by swelling. The equal linear relation for different intial cover
factor which ends with the max, cloth cover factor of 23 for plain
weave is obvious while the effect of the increase of average float
ratio is very less noticable.

The fabric weight per unit area seems to be increasing expon-
entialy by the increase of thread swelling % through its effeect an
increasing thread density and ecrimp%, such increase seems to be of
equal rates under the effect of intial cloth cover factor with
exception of smaller values of swelling%, while the increase of
thread average float ratio tends to reduce noticeably these rates.

The fabrie volumetric density is affected by two contradicting
factors which are the decrease of fabric area due to shrinkage and
the increase of fabric thickness as both intiated by thread swel-
ling the results indicates such controdicting behaviour under the
effect of intial cloth cover factor showing that the domenant eff-
ect is decreasing the volumetric density, which is also activated py
average float ratio increase.

In practice it is easier to measure fabric length before and
after wet treatments i.e. shrinkage % rather than thread diameters
and hence swelling%, therefore it would be of great benfit practi-
cally to plot some of the fabric properties directly on their
carasponding shrinkage® as shown in Fig.(75) which relates the
increase of fabric thickness with fabric shrinkage under diffirent
conditions of intial cloth caver factor and thread average float
ratio. It 1s also possible to plat crimp% and fabric cover factaor
agsinst shrinkag % firstly under the different values of intial
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0 Rel.increase in fabric thickness
Af.=3 IKe=10.08

AY.=2
AF=15
120 '

=11.08
[Eow13.71
T AF.=t
80

Kow17.02

l | |

0 4 8 12 16 20
Shrinkage percent

Fig(15) Shrinkage % — Rel.increase in fabric thickness

at different Intial cloth cover factor
and diffsrent average float

Crimp percent Cloth cover facter
23
20 {cover factor) -
Ee=13,71
Ke=13.7,
»10.08

10

/

0 el 1 ) 0
4} 4 a 12 18

Shrinkage percent

Fig (16) Fabric shrinkage % & Crimp %
plotted against fabric shrinkage %

at different lntial cloth cover factor

e g -
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cloth cover factor as in Fig.(16) and secondly under different
values of thread average float as in Fig.{(17). Finally this work
is considered to be a real means of linking the use of computer
to solve same of the mathimatical problems in fabric geometery
and modeling to fill the gap between theory and practice in some
fields of study in textiles,

Crimp percent Cloth cover factor
r AF.=25 ‘gfﬂd____——”ﬁfiL___A
20 (cover factor) ZYJ/ Pt P

AF.z1
10 / 10
/5
XKo=10.08
0 | - . L L 0
0 + 8 12 I8

Shrinkage percent

Fig(17) Fabric shrinkage % & Crimp %

plotted against fabric shrinkage %
at different average float
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