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GEOMETRY OF PLAIN SQUARE FAEBRIC
WOVEN FROM FLEXIBLE YARNS
By : Hamdy A, A. Ebraheem
Lecturer in Textile Eng. Dept. Mansoura University.
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Abstract:

[his paper presenmts a theoretical study of geometry of plain square fabric
woven from  flexible varns . Accurate formulae could be obtained 1o relate
different parameters of  fabric geometry . It's a usual procedure to measure vam
density (varns em in the fabric) and varn diameter . From these two parameters varm
cover ratio can  be calenlated . If yam count s known @ is needed to measure
varn density to be able 1o estimate vam diameter . Weave angle. varn crimp ratio
and packing density of yam info the fabric could be expressed as functions of
vam vcover ratio. Fuabric weight (g/m?) could be expressed interms of vam
diameter. yarn cover ratio . and varn densitv (grem?) . Fabric density (g em?) could
be expressed in terms of vam density (gem?®). and vam cover ratio . Packing
density of vam into the fabric couid be expressed in terms of vam cover ratio
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Introduction :

Recent investigations have suggested geometrical models that can be used to

determune relationships  between fabric parameters. Peirce was perhaps the earliest

and 1s probably the best known [ 1] .These investigators used models based on neat

geometrical  ideas  such  as straight lines joined to circular arcs and so on. Fig.(1)
_shows  Perrce's Flexible Thread Modsi .

Peirce [ 2 ] gave the mwst detatled mathematical analvsis, assuming a thread
without any stiffness, This assumption gave circular cross-sections and a varn path

made up of a straight portion  between circular arcs wrapping around the other

Peirce derived 7 formulae from the configuration shown m Fig(1) with "D" the

sum of two diametars , as a scale unit .

- L '
Gy = | ,p‘,i_}- {1

- f .0
Cyo= (52, -1 {11}

S S
Poo= {L,=Dad,) cost +Dsinb, {ti2)
Po= Ly =D | cos@ + D sin - )

1 s p = :

he = (L=-D8 ) sin@ +D(1-cosé, | {v)
Ay = La=D8, ) sy + 01 1~costs ) (1)

D = !?! + rlf: (W7}
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Peirce derived some approximations which seemed excessive w1 some cases. n

. 4" e : :
order to derive the formula f}=(;)P VU he assumed that (& ) is small . but this
15 true only in very open structure 3],

Yarn diameter is not casilv measured . so various investigators have obtained
tormulae for its caleulation . It's aimad 1o derive more general and accurate formulae
o specify fabric geometry . This  work is the first siep towards this cbject . Ir's
begimed  with piam square fabric as the sumplest woven fabrie structure and it's
dealed with flexible threads as the case in most textile vams .

Mathematical Modef of Plain Square Fabric Woven from Limp Yarns:
Fig.(2) shows the model of plain square fabric woven from limp threads.

F = jgre sogrig o, &= Y s v omf, & = weave ogle (Geg)
£ = modider lenglh e, A = cloth plane

Mathematical Relutionships:

The tollowing mathematical relationships could be derived :
2=l 2 ap. il {H
Fo=1) 2)
o=dlfly (3)

Where

£ =specific yorn denstly,  Nm = melric yorn N = numnbper of threads / em

ihree varicbles ore given @ yarn coont Nm | specific yorn depsily o, , and varn sell N
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Yam cover ratto K can be expressed as follows : .'
(4) i

K: ‘r\; !.--—-——-——_-q-—-
. 7 ‘/‘-25' TPy Ny
An expression for weave angle 6 could be derived as follosws
tané = 2\_‘\'1—3{:‘-’ (3)
(VE)~1-3K" +2K
Crimp ratio C is expressed as follows :
C= “£5+J1—3f:3 -7 (6)
or
. -’ o 2"' } i - 2 f =
C"'—-;%- 1&111(-1 vl %ﬁ: +y1=38" -1 (&)
’ — =38 28
\K]‘
Fubric weight in g m® can be expressed as follows:
=000 x {1+ Jlp. Ao {7y
or
. e B —
= 200 2P, S gt == v ~3" + y1=30 } (7}
90 Lal=3:7 w2 J

Fabric density in gem? can be expressed as follows :

Mi = ﬂ"‘;:py 1+C) A . &y
ar
- - ,f - a " = L8 o Al 3
oL, G P il o S RCT o
490 § yi=38 28 j

Fabric packing density P.D. can therefore be obtained since
PD=prjoy=rK(1+C) /4 )

Qr

~ . ,' _ s . -
P.D=—-—-—'TK k-2 o 2..____\1 13!; 4+ y1-3K~
4190 L NI=387+ 2K

&

&

It's worth mentioning that calculating cover ratio K. weave angle & . cnmp ratio
C need onlv two variables d and P . In other words we need to measure the value of

d and P and then cover ratio . weave angle and coimp ratio can be caleufated
using squations ( 3. 3.6,

Substiiming inequations ( 3.6.7 8.9 ) tor K where

0 <K < 1\5) we obtain table (1%
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Table (1): Effect of yam Cover Ratio { K ) on weave Angle ( 8 ). Crimp
Ratio (C). Packing densitv (P.D.). Fabric Weight (W), and Fabric Density { 25 1in

piain square fabric woven from limp threads.

N g c o P.D W 2
ND0100° 057300 000005 0.00783 1.5708:  0.00392
0.03000 172007 0.00045  0.02357 47145 0.01178
0.0500 28700 0.00125% 003932 7.8638  0.01966
9.1000 376807 0.00502  0.07393 15786  0.03996
0.2000° 11734 002040  0.16028 32403568  0.08000
0.3000 18379 0.04686  0.24666  49.3321  0.12333
0.4000 26167 0.08600 (341200 682330 0.17060
05060 36.870. 014350  0.44910.  $9.83103  0.22430
0.5300 13734 0182000 0.51039 102,120 025329
0.3700 60,000 (.21000 0.54834 109.670 0.27417

Yam density 2, (g om” ymust be Rnown bestde yvam vover ratio { K)

{ o, siaken .3 em’ 1.

-

a
=

Yam density and etther varg diameter d (om) or vam  spacing P (om) must be

known beside varn cover matwoj o = 0.5 ::“3 ans o= 02 ond

Effect of Yarn Cover Ratio (K) on Weave Angle (8 ) :

Fig.( 3 ) shows the effect of varn cover ratio K on weave angfe # . [t is clear thar
7 increases with an increasing raie of change as K increases . The maximum
weave angle for square  plain fabric 18 60 ( Jammung Condition ). This occurs

when K oreaches about D377,

Effect of Yarit Cover Rutio on Yarn Crimp Ratio :

As shown m Fig.(4) vam crimp ratio C increases with an increasing raie of
changs a8 varn cover ratio K increases . Maximum  varn erimp ratio is 0.21
(Jampung Condiion) .

Effect of Yurn Cover Rufio on Packing Density of Yara into the Fubric:

Fig.(3) shows that increasing vamn cover ratio K causes packing density of vam
into the fabric to increase with an mcreasing rate of change . Maximum packing
density is about 0.348 (Jumnung Condition),
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Effect of Yarn Cover Ratio on Fabric Weight { g / m? )

Fabric weight (g/m”) increases at a rate greater than that of yarn cover ratio . This i
shown in Fig.(6) . When the yamn density is 0.5 g/cn” and yarn diameter is 0.02 cm
maximum fabric  weight is 109.67 g/m’ It is worth saying that fabric weight increase:
linearly with yam density (g/e * ).

Effect of Yarn Cover Ratio on Fabric Density ( g/cm3 J:

It is clear from that Fabric density ( ¢/cm® ) increases at a rate greater than thal ot
varn cover ratio. This is shown in Fig.(7} for a fabric made from yams of density 0.2

3

g/ cm® which reaches a density of about 0.274 g/cm at jamming condition ..

CONCLUSION :

Geometry of square plain fabric made from circular yams could be analvtically
described . If a square plain woven fabric is wanted to be woven from certain yams on
certain weaving machines , yam cover ratio 1s easy to be estimmated . Knowing yam
cover ratio helps us to predict {abric weave angle , yarn crimp ratio , fabric weight
. fabric density or packing density of vam into the fabnic. This helps predict the total
yarn length required to weave a certain fabric fength . This helps in mult organization
and reducing varm waste and down time. Formulae derived in this paper are not only
accurate but also suitable for square fabrics of any cover ratio. These are different from
Peirce's formulae winch ure approximate and suitable for only very open structures .
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APPENDIX
from the model shown in Fig. ( 2 ):
Projection vertically gives :
T={ -2 19 cos8 + 23 sind {a)
Projeciion horizontally gives : |
a=(2-224 )sing +22(1-cosd) {b)

In friangle abe we get :

(@) = (ae) - {Fe)” (©
ek 21 = (e 2 —fbcr (d)
() ={@) - 4{pe) (©)
but (7o) == <2° and b = 3 )
(Z2) = & - 3287 (@)
(2 - 2 8)=yF -3 )
Equations ( a.b. h)arethree equations in Y anknowns =, = and Fas dmust

be given.

Dividing both equation ¢ b and 2 ) by P after substituting for (L -2d@ by
. ,‘__’_ .

1P2 -3 0% gives:

K= 1-3K" sind + 2Kl ~cos i} (i

=\ 1= 3K" cosf+2Ksin g ()
Dividing equation (i) bv K and adding It to equation (1) gives
rlh\l——fﬂ\' -‘-21&! :»\115-‘-1\1-3R JC958=0
. tanf=- .-.—»;1—?1}\' (k)
i\ vi-3K- +2K

as (I-2dg)=P?-3d° (h

and ~=P(1+C) (m?

s C=y1=-3K" #2Ka-1 (1

wihiere & s n radian

TN
90

or C=+\1-3K" + -1 o)

where # 15 indegrecs.
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