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Yarn Crimp Ratio in Woven Fabrics
Theory and Practice
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L Abstract:

Because of the imponance of accuracy in measunng and estumating yam crimp
ralio in woven fabrics, non classical methods were searched for In this paper
mathematical formulae were derved 10 express yam crimp ratio in terms of weave
structure, yam spacing, and yarn diameter It is descriminated between floated weaves
and extended weaves In floaled weaves yamn spacing is constant and equal 1o yarm
spacing at the poimt of intersection. In extended weaves, yams are separated only at
points of intersection. To increase accuracy and safe effort and time consumas in
measuring yarn crmp ratio, a new expenimental method is introduced. In this method
yarn crimp ratio is determined by weighing crimped yarns instead of decrimping them.

IL Introduction:

There have been many simple empincal inodels to relate fabnic parameters.
These models need more modifications by using the electronical computing systems
[1]. Simple mathematical models had been improved and modified i the from of
dimensionless relations [2] The weave structure can he expressed in terms of average
float or Noat ratio. It was found that the mean value of warp tension decreases by
inereasing the float rauo [3].

Fabric abrasion resistance is affected by yarm cnmp ratio because crowns
formed as yamn bends round a transverse thread will protrude from the fabric surface
and meet the destructive sbrasive agent first. The largest amount of fabric shrinkage is
that represented by increase of crimp. Control of crimp percentage 1s necessary when a
fabric is designed to give a desired degree of extensibility and when crimp balance
berween warp and weft is required after finishing processes. Knowledge of cnmp value
is useful in calculating fabric cost and yam requirement [4]

It is clear that yarn crimp ratio plays important parts in fabric analysis, fabric
research and design, process control, and economics of fabric production
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IIL Nomenclature: th

A The number of weft yarms over which the warp end passes i the i fraction of
Warp weave repeat

B,  The number of well yarns under which the warp end passes in the i1 fraction
of warp weave repear.

€y Warp crimp ratio in the woven fabric.

Cz  Weft crimp ratio in the woven farbic

(€,),, Warp crimp ratio in plain - woven fabric.

(C,),, Wefl crimp ratig in plun-woven fabric.

d;  Diameter of warp end {cm),

d;  Diameter of weft yam {cm),

F Average oat of warp end,

F»  Awerage float of wefl yam ,

Gj The mﬂm:ﬁmmmmrmpmhm#ﬁmﬂ

wefl weave repeat

The number of warp ends under which the weft yarn pusses in the ™" fraction

of weft weave repear

Warp cover rana,

Wefl cover ratio.

Warp modular length (em).

Weft modular length {cm).

Lenght of weave repant {em).

MNumber of fractions in repeal of wefl interlacing.

Number of fractions i repeat of warp interlacing,

Averape number of ends / cm.

Average number of picks / cm.

Number of yama.

Distance between rwo neighbouring warp ends at a weft intersection (cm).

Distance between two neighbourmg weft yams at a warp intersection{cm).

Width of weave repeat

Warp weave angle

Weft weave angle

=
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IV, Mathematical Derivation:
Figures 1 and 2 show an exanple of floated wesves and extended weaves (3/1)

rhaptctively,
o
L 2| m| P | ™

Fig (1) Across - section Moated weave 3/]
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IV.1i. Fabrcs of Floated Weaves:
Let warp interiacing repeat be 2 Aoy
repeat be
Then Number of warp nterlacings / repeat = In
Number of picks / repeat
Warp length / repeat =2oL,+P, il.i-il,-h]
Length of repest P, én, +;l,]
. Warp Cnmp Ratio y
. IniL, - P . 2n L =P
G P (3 A +3B) SA, 42:,[ P,
o grers (O .
(€,),,, is warp crimp ratio in plain woven fabric. Similarly
C, = ﬁﬁ-(ﬁh @
(€,),, is welt crimp ratio in plain woven fibric.
cl'i'c‘i)“l (3
and
-G "
Fy and Fy are average foat of warp and weft, respectively
From a previous study [$]
(C),, =Sec0, - 3% tang, + 3¢ ¢, -1 (5)
P, P,
when 8, < ~
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2d 2d .
[cI]“ = Sec B, “Ema} +.i;: 8, (6)
-lunﬂ,-c; - -
n xd e
When 6, =-1—.a.=u.c.=Tt—|.-ﬂc,-a
mma,nf-,a,-u,c,:ﬂ-l.ndc.:ﬂ
2 P,
) 24P, -d, P -d,(2d +4,)
hﬂ.- P,'+ll: {?}
: 24P -d, P! -d, (2d +d,) :
. Tt CET ‘*’
d +d,=2d (9)

d) and dy are warp yam and wefl yam diameters, and P| and P are yarn spacing for
warp and weft, respectuvely.
Yamn cnimp ratio can also be expressed as follows:

N Warp int erlacings / repeat :
¢ =(c),- —— (10)
Wefil imt ings /
C, =(C,),, e icpey an
(c,),, and (C,),, are functions of
- warp diameter d| - weft diameter dy
- warp spacing P - weft spacing Py

The contribution of weave structure in the vatue of C} &nd C1 is represented in
warp interlacings / repeat as a ratio of picks / repeat and wefl interlacings / repeat as a
ratio of ends / repeat (equations 10 and 11) In other words the contnbution of weave
structure is represented in warp arerage float and weft average float (equations 3 and
4).

Example.

Lete d|=002cm dy =0.0] em
Py =005 cm P2=007cm

. Weave angles can be calculated from equations 7 and 8.
8y =27.43° 69 = 28.07°

Cnmp ratios can be calculated from equations 5 and 6.
(c,),, = 00979 a?a}m = 0,08995

Table (1) shows the effect of weave structure (average float) on yamn crimp ratios:
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Table (1): Average float of different weaves and the corresponding values of crimp
rniu{dl-ﬂ.ﬂlcﬁdztﬂ.ﬂlgrl-&ﬂiﬁﬂa-n,ﬂ?mh
Float

Yam Inerlacing Repeat Average (o Ca
- ) i 0.0979 0. 08995
- 1S 00653 005997
L 2 0.0489 004479
i% 25 0.0392 0.03598
£ 3 00326 0.02998
[V.2, Fabrics of Extended Weaves:

In the above-mentioned analysis yarn spacing P is taken constant i e yarns are
uniformly spread along and across the woven favnic. In extended weaves every group
of yamns interlace alike and behave as one yarn i e they run side by side without gaps
except at points of mtersection where yam set is divided into groups Basket weave,
warp rib and weft nb are popular examples of such weaves. In this case yam spacing is
not constant.

LﬂhﬂmerinP,+{ZA‘+EB,—h)d, (12)

Warp length / repeat = 20 L,+ (TA, + 3 B, - 2n) ¢,

: , ; 2n(L, - P,)
.,Ww&mmcliinrl+{-zﬁilm (13)
C.:(I_"!_—_]',l];[li._(hgh‘ +ZB‘_2')"] (14)
P, 2n P,
From (12)
UL S -
L
Boe (- 1)d,
- (-0, (e
7 is overall weft denisty (picks/cm).
Sirmalary ,
Weft Crimp Ratio
qz[&;_"m]:[uiz“- *—4}:-_“;""’)‘"} ()
If width of repeat is w

P_H-{ZG,-rEH‘—!m)d,
: im
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B =-%"{E -1)d,

B =§‘--[F1 -1 d, (18)
ny is overall mr;: density (ends / cm).
From (14) and (17)
c, r—'m;_R‘ {9 (19)
and
L =£"_‘:,‘PJ' [Cz] i (20)

[t may be more appropriate to count the number of weft threads / unit length of
the fabric than to measure the lenght of weave repeat. The umit lenght must be as great
as possible in order to obtain as many complete weave repeats as possible. After
counting the number of picks / umt lenght, the overall number of picks / cm (n7) can be
computed.

L =M- 0
Similarly B
261 + 3 H @
1t can be derived that
c = [t o %:: : _E:' x zn}}{t:, hu
'C,={l K, [F }(c}m o
‘and Similarly
C, = {i ool {f__; = 1)} (C.) (29)
K, =n 4, (25)
ad K, =n,d, (26)
V. Procedure of Calculations:

V.1. Fabrics of Floated Weaves: _

‘Given: Weave structure, yam diameters (warp and weft), and yamn spacings (warp-and

weft).

Calculations:

» From weave structure, yamn arerage float is estimated (warp and weft).

« From yamn diameters and yam spacings, weave angles and yamn crimp ratios of
plain weave can be calculated.

» From yam comp ratio of plain weave and yam average float, yam crimp ratio of
the considered weave structure is estimated.
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¥.2. Fabrics of Extended Weaves:
Given: Weave structure, yarn diameters (warp and weft) and average yamn densities
(warp and weft).
Calculations:
From weave structure, yam average float is estimated (warp and weft).
From yarmm diameter and yarm density, yamn cover ratio can be esumated (warp and
wedt),
« From yam average float, yam dianeters, and yamn densities, yam spacing for plain
weave (yam spacing at points of intersection) can be estimated.
» Fram yamn spacing at points of intersection and yam diameters, yamn cnimp ravs for
plan weave can be estimated.
« From yamn cover ratios, yam average floats, and yarn crimp ratios for plain weave,
yam crimp ratos for the considered weave structure can be estimated
Figures 3 and 4 show a descrimination between floated and extended weaves
with respect to cimp ratio,

VL A New Method for Measuring Yarn Crimp Ratio:
The usual procedure followed to estimate yarn crimp ratio 5] is to measure:
1+ The distance bet, two points on the yarn in the plane of the fabnic (L)
2- The distance between the previously considered two pomnts when the yam is
straightened i.e. decrimped (L)
Then yarn crimp ratio is estimated as follows:

C--I-—-l‘l- an

Determuning the lenght hmﬂwmwwmwmw-
certain tensile load (decrimping load). The decrimping load is that sufficient to
straighten the yam without causing any elongation This decnmping load is a function
of [4] yam material, yam structure, and yarn count i e. yarn properties. [t is clear that
the value of the decrimping load is not only difficuit to be specified but also a critical
value. This means that a load less than the proper decnimping load results in a value of
crimp ratio less than the real value and a load more than the proper decrimping load
results in a value of cnmp ratio more than the real value There is no doubt that the
previous formula (equation 27) of calculating yarn crimp ratio is nght Sut the problem
lies in determining the value of L, This problem can be overcome by the following
procedure:

Multiplying the numerator and denominator in (27) by yarn cross sectional area
and yarn density (weight / umit volume), then

W - W,
Cw =t : (28)

Wy is the weight of the unravelled yarn, Wy is the weight of a portion of the yamn of
lengh equal to the distance between the ends of the unravelled yam in the plane of the
fabric. This formula is based on the imporvement of yam regulanty as it is suitable for
only regular yams. W, can bs calculated from yam count and L If L is in meters and
yarn count is in Ny, (metric count), then

W.:rl‘"- (29)

W isingm.
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Fig. (3) : Effect of Aerage Float on Warp Crimp Ratio
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Fig. (4) : Effect of Aerage Float on Weft Crimp Ratio
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ca WL /N,
L, /N,

G-F-'i—ﬂ-l--l | (30)

If Wy is the weight of one unravelled yam, C wall be the corresponding crimp
ratio. If Wy is the mean weight of a number of unravelled yamns of the same L , then C
will be the average yarn crimp ratio It can be concluded that if N yamns have a weight
W, the W, will be equal to the total weight dvided by the number of yamnsie .

W
W‘-ﬁ-

N

C-—T‘l—-—[‘-"- (31)
It is worth saying that this relation is another form of the formula used to
caiculate weight of N crimped yams of the same crimped lenght L, yam erimp ratio C,
and yam count Ny The last formula can be rewnittmn as follows:

N
C-Iﬁ—j:-l (32)

(N_), is the metric count of the crimped yarn.

VIL Procedure of Crimp Ratio Testing:

I- Prepare a rectangular or square sample of fabric of adeguate dimensions.

2- Measure lenght and width of the sample to obtain the yam crimped lengh L of
each of warp and weft

3 :lrmnl a number N of yarns (e g warp) and weigh them 1o obltain the weight W

N yams.
4- Estimate the yam count N, of each of warp and weft if it is unknown
S- Substitute in formula (1) to give the average cnmp ratio of N yarns.

VIIL Verification:

Yam cnmp ratio in different samples of woven fabric is estimated by 4 different
methods: 3 expenmental methods besides the theoretical method considered in this
paper m:wm“

1-

2- H“nlﬂndudmmnﬂndm

3. Weighing method and using estimated values of couns (counts are estimated by
decnimping and weighing).

Table (2) shows the results of these 4 methods. It is clear that although styles |
and 4 have the same constructional details, they differ in values of crimp ratios
estimated by the 1 experimental methods. [t is also clear that the first and thurd
methods gve the same results. [n square fabrics where warp and wefl specifications
are the same (styles 1, 2, 4, 5 and 8) the experimental values of crimp ratio are not the
same for warp and wefl.

To deterrrune the most suitable method for crimp ratio estimation, fabric weight
(g/m?) s measured and also estimated using crimp ratios obtained from the different 4
methods. This is shown in Table (3) It is clear from the table that the decrimping
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methad and the weighing method (esumated counts) of cnmp estimation give near:”
the same vaiue of estimated fabric weight [t s also clear that the weighing methou
(nominal counts) give fabric weight which i the nearest 10 the measured value i 4
styles and the theoretical method is the nearest in 3 styles whereas the other 2 methods
are the nearcst in | style

Table (33 Fabric Weight (g/m?) Measured and Estimated Using Crimp Ratios
Obtained by the 4 Different Methods of Crimp Ratio Estimation

[ = TeWew@e)
Measured N Estimated Value
Style | Value | Decnmping | Weighing Method | Weighing Meihod | Theoretical
Method {nominal counts) | (estimated counts) | Method
I 166.67 151.71 151 70 1517 1599 80
2 | 21818 205 40 21127 205.40 209,90
3} 200.00 17749 18630 17778 17285
q 16B.75 15695 15730 [56.95 | 5980
3 206.00 195.10 18199 195.00 07%
6 | 16857 161.07 166.69 161 10 laiss |
7 18000 168 70 |63 60 16929 161.00
i B | 240.00 237 10 24630 l 2217.00 24 56
X, Conclusion:

Hoth the weighing method (nominal counts) and the theoretical method can be
preferably used in estimating yam enmp ratio in woven fabrics. Weighing methods
compnses unravelling yams from fshoc, weighing them and then estimating yam
pominal count (a5 i specificanont of fabric), mumber of unravelled yarns, and yarmn
crimped length (the new method of cimp estimation). The theoretical method needs
measuring yam densities (of yam spacing), and yam diameter (from yarn count), and
determurung yam average foat (from weave structire repeat) Then substituting in
mathematical formulae denved in this paper gives the values of yarn ctimp ratios.
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