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I- Abstract:

This paper gives accurate methods to calculate weave angle, yarn
crimp ratio, and fabric thickness in a plain-woven fabric. Two simply
obtamned fabric charactenistics are used. These characteristics are yamns /
c¢m i.e ends/cm and picks/cm and yamn diameter for warp and weft. This
method can be used instead of using crimp tester or thickness meter. This
helps save time, effort, and money and is suitable for expensive fabrics as
fabric destroying is avoided. yarn crimp ratio can thus be calculated in
advance and the amount of yamn required to weave a certain quantity of

fabric can be estimated. Fabric weight can also be calculated. This helps
reduce yarn waste to a minimum.

II- Mathematical derivation:

From Peirce's flexible model [1] shown in Fig. (1) the following
relations are valid:

Puttmg dl + dz =2D (l)
then hl + h2 =2D (2)
From model geometry it can be proved that
P, =(L;-2D6;)cos8, +2Dsinb 3)
P, =(,-2D09,)cosB, +2Dsin0, )
hy =(@L;-2D0y)sin6;+2D(1-cos 8,) )]
h, =(,-2D06,)smnB,+2D(1-cos0,) 6)

Assuming that the fabric apparent thickness (T) will be equal to (d; + hy)
or (d, + h,) whichever is more.
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Fig. (1): Peirce's Flexible Model
(Subscripts | and 2 for warp and weft respectively, d = yarn diameter, L
= modular length, 2 = max. displacement of the yarn axis from the coth
plane, P = yam spacing, x= cloth plane, 8 = angle between yarn axis
cloth plane, and D = average yarn diameter = average yarn
displacement)

Substituting for h; in (5) by 2D-h, and for h, in (6) by 2D-h, , we obtain

h
LI—2D61=2cot61[D-—iz—sec61J (N
and
h
L2—2D92=2cot92[n—715ec92) (8)
Substituting from (7) in (3) and (5) and fromn (8) in (4) and (6) we get
P, =cotf cos8; (2D -h;sec8;)+2Dsmb, )
hy =cot0;sm6,(2D-hysec8)+2D(l-cos6;) (10)
Py, =cotB;co56,(2D-h;secB,)+2Dsinb, (1)

h, =cotB,sn8,(2D-h;secH,)+2D(l-cos8;) (12)
Multiplying (9) by sin 6, and (10) by cos 8, and comparing both equations
we conclude that

Pysin8,=hycos0,-2Dcos8,+2D (13)
Solving this equation for sin 6, and putting

Rl=§—[l)- and R2=§T2)- give

2DB, - 2D JF? (I-R,)} - 4D* (2R, - SR} + 4R} -R!)
P + 4D (1-2R, + R?)

Sin 6, =



c-Li=B _L_,
‘ P2 P2
From (3)
' D 2
C1=scct91—2 tan9l+—2¢9!—l (18)
2 P,
where 6; < 90°
Similarly z
¢ -li-P _L |
’ P P E
From (4) ) |
2D 2D
C, =sec 92——I?tan é, +?1— g -1 (19)
where 6, < 90°
D
When6;=90° | g, =0° _ =1’P——1,andc2=o
2
When8,=90° | g, =0° | C,:EPE—I,andCI-“—O

18
Mansoura Engineering Journal (MEJ) , Vol. 20, Nc. 2, June 1995 T1. 3 H |
1

or

2DP, - 2D /P (1-R,)’ - 4D? (2R, - 5R? + 4R} - R?)
Sin 61 = - T (14)
P} +4D* (1-R,)

Similarly

2DP, - 2D P} (1-R,)’ - 4D* (2R, — 5K + 4R} _R})
Sin 6, = T (15)
P} +4D? (1-R,)

Putting R,=1-R, in(14)

S0 2DP, - 2DR, JF? - 4D*(1-R2)
SOmG = P + 4D R? (16)
Putting R,=1-R, in (15)

2DR - 2DR, [P} - 4D*(1-R?)
P! + 4D R? a7

- Sin @, =

III- Calculation of Crimp Ratio:

Warp crimp ratio C; = and weft crimp ratio C, are expressed as
follows [2]:

Assuming fabric thickness (T) = dy+d; . Wefind that T = d, + h; and
T= dz + hz
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" hl=d2 a.ﬂd h2=d1
In this case I&,:l:d—2
2D 2D
and R, =_h_a_=ﬂ_
2D 2D

This is the state of fabric after relaxation when laid between to plates.
Substituting 1 equations (16) and (17) gives

(dt + dz) P, _dl'JP: -d, (2d1+ dz)

Sin 8 = P d (20)
and
Sin 4, = (4 + ) P~ B - 4,024, ) Q1)
: P+ d?

Yarn diameter d is a function of yds/b of the yarn and yamn type.
Ashenhurst [4] determined empirically a constant for every kind of spun
yarns as shown in Table (1). The reciprocal of the product of this constant
and square root of yds/lb gives yarn diameter in inches. Based on
experimental observation, Peirce [1] denved a formula for cotton yarn

diameter in woven fabrics as follows: d = —1—, d is in inch and N is
28 JN

English count in cotton system. He assumed that cotton yarn specific
volume is 1.] cm¥/gm.

Table (1): Ashenhurst's Empirical values of constant (F) used in

. . 1
calculating yvamn diameter d (in) = ——:
gy (in) F Jyds/ib

Yarn type | Cotton | Fine worsted | Woolen | Linen | Crossbred Worsted

Constant (F) | 0.92 0.91 0.84 | 0.92 0.86

IV- Example

Ends‘cm =20 5Py =0.05¢cm
Picks‘em =14 . P, =0.07 cm
d, =0.02 cm , d, =003cm
. D =0.025 cm

Table (2) gives the values of weaving angles, crimp ratios, and
fabric thickness at different levels of crimp altitudes i.e. at different values
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of R, and R, using equations (16), (17), (18) and (19) . From column (7) it
is noticed that R = Eiz-)— and R, = :2—]'5 The values in this column
describe the previously mentioned special case in which fabric apparent
thickness is equal to the sum of warp and weft diameters. It's noticed from
the table that the thicker yam (weft) has a crimp ratio less than that of the
thinner one (warp). Figs. (3, 4, and 5) show how weave angle, yam cnimp
ratio, and fabric thickness are affected by crimp altitude.

V- Ground of Woven Carpet:

In the ground of woven carpet it is found that weft yam is greatly
thicker and softer than warp ends. Due to high warp tension during
weaving and the previously mentioned yam properties, warp yarns are
interlaced with weft yams as shown in Fig. (2). In this case

h2=0, hl=d2-d1 and dz'dl=2D

S~ Ry=1 and R,=0
Substituting in equations (16), (17), (18) and (19) gives

sin 6, = =5 (22)
Sin 8, = (23)
C, = sec 6, - 2—d‘tant'5‘1+d2_dI g -1 (24)
P2 2
and
C,=0 (25)

Fig. (2): Interlacing of warp with weft yams in the ground of woven
carpets
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V1- Square Plain Woven Fabric:
For square plain woven fabric
Rl = R2 =0.5
dl =d2 =h1 =h2 =d

Pl =P2 =P
: 2dP-d,/P2 - 3d?
- sin @= T (26)
and
C=sec9-2—Pd-tan8+2§9-l (27)

Denoting -dP— as yarn cover ratio K

] 21<-1<1/1—31<2
. sin 8= TRl (28)

and
ko

90

C =secd- 2k tan &+ -1 (29)

Table (3) shows the the application of equations (28) and (29). Ina
previous study [3] the following expressions were obtained:

_ 2 J1-3K 20
(X) J1-3K* +2k (30)

C=1/1—3k’+”k9—-1 (1)

90

tan &

and

It's worth saying that these expressions are only other forms but they give
the same results as those given in Table (3).
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Table (3): Effect of yamn cover ratio (k) on weave angle (6) and yam
crimp ratio (C) n Plain Square Fabric woven from limp

threads:

k g° C
0.01 0.573 0.00005
0.03 1.7199 0.00045
0.05 2.8696 0.00125
0.10 5.768 0.00502
0.20 11.784 0.0204
0.30 18.379 0.04686
0.40 26.167 0.0860

36.87 0.1435
0.1820
0.2100

VII- Measuring Fabric Geometrical Parameters:
60 x 60 /in

~——————— plain cotton fabnc was woven on 3 modern weaving
20x20E

machines: Sulzer Ruti P7100, Rapier Pignone Tp 500, and Tsudakoma
Air-Jet. Yam crimp ratios were measured. Fabric weight was calculated
{using measured crimp ratios) and also measured. Ten samples were taken

for every test. Table (4) shows the results {(mean values) of this

expenmental study.

Table (4):Results of Experimental study of Fabric Geometrical

Parameters.
l Weaving m/c | Sulzer Rapier Air-Jet ‘
Parameter

Warp ¢rimp ratio 0.10 0.06 0.08
Weft crimp ratio 0.04 0.06 0.06
Calculated fabric weight (g/m?) 151.7 150.23 151.47
Measured fabric weight (g/m? 171.83 162.32 160.26

]
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It's clear from the table that values are widely different although
they describe the same fabric style. This variation may be attributed to:

1- The inaccuracy in measuring sample dimensions (length and width).

2- The decrimping load during cnmp measuring test may be not
sufficient to remove yarn cnimp. It's worth mentioning that decrimping
load (g) is constant for cotton yamns coarser than 7 tex (0.2 tex + 4).

3- The decrimping time is not the same for all samples as it is not of a
recommended value.

4~ Variation of personnel efficiency and accuracy besides fatigue
considerations.

5- Cumulative errors due to progressive measurements.

If these geometrical parameters are analytically determined using
the procedure given in this paper, the following results will be obtained:

Calculated Yarn Weave Angle =34.17°

Calculated Yamn Crimp Ratio =0.1296

Calculated Fabric Weight = 157.89 g/m?
The accuracy of these calculated values depend on the accuracy of
measuring yam diameter and yam spacing in the fabric.

VIII. Conclusion:

Yam crimp ratio in the plain woven fabric can be calculated. This
needs determuming yam spacing (the reciprocal of yam density) and yarn
diameter for warp and weft. Then weave angles can be calculated and so
crimp ratio for both warp and weft. This helps avoid the destructive test
required for crimp measuring and achieves the accuracy required to
calculate fabric weight and the length of yarn needed to produce a certain.
amount of fabnc.
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