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Abstract :

This work presents an empencal formula of plied yam strength
produced from ring spun cotton yarns. Expenments carned out on several
samples of cotton fibres and the investigation concerned with the influence
of fibre properties, single twist, ply twist and number of plies and spinning
quality.

The results obtained with this formula agree satisfactonly with the
expenimental data.

(1) [ntroduction :

The strength of plied staple varns vary complicatedly according to
the fibre properties, number of plies, twist directions and single and ply
rwist multipliers.

Expenmental studies on this subjcet has been carried out
/1,2,3,4,5,6,8/ but not considered enough investigation from the point of
view of analytical treatment. On the other hand there are nany analytical
researchers /2,7,9,10,11,12,13,14,15,/ but the proposed equation deduced
for predicting the strength of plied staple yams is not accurate enough
because there are no equation taking into consideration all the factors
affecting plied yarn strength.

The aim of the present study is predicting a fonnula for
determination the strength of plied cotton yarns considering the following
parameters : fiber parameters such as : "Fibre strength, length and
fineness”, single, ply yarn twist, number of plies and twist diction.
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(2) Theoretical analysis :

The literature suggested that yamn tensile properties were affected by
several parameters such as fbre strength, strength irregularity, peseentage
of broken fibres and yam twist. What follows is a tmal imodifying these
facts. The determination of plied yamn strength it is important to consider
that following parameters :

1) The effect of plied yarn strength uregularity :

From the theory of folding, it 1s known the yam irregulanty of cross
section and consequently the strength irregularity decreases as the number
of plies increases, and theoretically the following formula can be used.

veam®  _%10021250 (1)
-Jmo m p )
Where .~ 'V : Coefficient of variation of yarn strength. ‘

mo : Number of fibres in single vam cross-section.
m| : Number of plies.

6 . The standard deviation of strength.

P : The average strength of the yam.

U : Linear irregularity of single yam strength /6/, and equal to
65
5

=UO+F (2)
0

Where : Ug = Coefficient depends on the spinning quality and equal to : 3
for combed yams and 4.5 for carded yamns.

By combining equations (1) and (2) we obtamn :
U, 65
U‘l =

+ (3)
r\/m—l NMgm,

It is also known that the yam breakage at very week points, and
consequently the regarding value of tensile tester can be calculated as
follows :

p=p-3c (4)
Where : P : tensile strength reading.
By substituting eq. (1) and (3) in (4), we obtain :

p_I_)U_O.0375U 244 ) (5)
,’m, ¢ :;mﬂ m,
The term between brackets defined physically as the uniformity coefficient
of plied yam strength.

The expenimental results of strength irregularity of plied y~.ms and
those calculated by formula (3) are shown in table (4).
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(2) The percentage of broken fibres :

From the earlier studies /7,9,16/ concerned with the behavior of
spun yams during breakage and the mechanics of strength of the plied yam
it was found that the pressure along the fibre in spun yams increases from
zero to the value determined by the yarn extension and then decreased to
zero at the other end. If we assume that the frictional force which prevents
fibre slippage created on a length of fibre equal lg], thus the fibres
presents in the yarn and firmly gnpped with the meighbours fibres at
length longer than |gy will break and the other fibres which has a contact
length less than 1] will be subjected to slippage. Thus the percentage of
broken fibres which contributed in the yarn strength are equal to

5
[1—:_11} /171
Lst. .

Where : 1 : Staple length of fibres.

Also from the theoretical assumptions given by Varasheelaf 11 it is
foond that; the forces acting on the fibre element of the yarn as showt in
Fig. (1) represented by the following relation :

dN=2Y sin%é—dy sin%é-rp o dg (6)
Where : dN : The reaction on the ﬁl;re element.

Y : The tension on the fibre element.
p : The radius of twist curvature of the plain in which the
fibre lies.

o : The stress from the outer layers on the umt length.

It was considered that sin dp = db and the sinall values are
negligent. Equation (6) can be rewritten as follows :
dN=Ydo+podd
Also the value of dy taken from the projection of the rangent as follows :
dy=fdn+Hpdd -
Where : H = Fibre gnping force.
f = Coefficient of friction between fibres.

Equation (7) can be applied for plied yarn by neglecting H, and equal to

dy=fdN
From equations (6) and (7) we can get :
dy
dg=—--—— 8
¢ FY+Fp o ®

By integrating d¢
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y Y
=J-d dy 1, fy+f

= ==1 9
- ¢: ! ofy-?-f i n F X $))]
Where : Y =Ps: Fibre breaking load.
be gt L,
Po=| —=— (10)
o P P
r
= = Cconst. 11)
y (

r: Yam radius.
B : Twisting angle.

From the previous equations (9), (10) and (11), we can get :

P.
. Ly =¢s,n--’f3 In (14-2) (12)

Where : o :Pg2p from varsheelaf /11/
since the twist spiral radius is not actually equal to the yam radius as
stated in the previous work /18/dg = 0.8 d.
Where : ds : The diameter of twist spiral.
d : The actual yam diameter.

Consequently, it is recommended to take o=% (13)
L, =2 n26=034 _ 044 (14)
o f F sm*B Fsin B
Where:  F=025-2000 Pr (15) varasheelf /11/, and
Fo 2 (16) sakaloof /21/
= 00
2+ N ’

Where : N : is the metric yamn count.

The coefficient of friction "f" between fibres is not constant. In
relation with twist it is linearly proportional with "at" as given by the
following relation /19/

F= aTIO - (17)
;;aT.10‘2 +30
Where: -~ ag : is the twist multiplier of plied yarn and equal to
ar=7,(a,10™ /(08)™" (18)

dp :is the plied yam diameter and equal to : dg, C  (19)

LA R AT "
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Where : C : Constant depends on the number of plies, the value C
recominended by sakaloof /21/ is given in table (3).

| ml 2 3 | 4 3 | 6
L c 18 | 22 | 256 | 286 | 313

B : is the twisting angle and equal to tan-! ndp Tp
Where : tp : Tums per meter of plied yam.
It is roughly known that the mean yam strength p equal to

2Ly, )X (20)

Pr.mym, (1~
st
Where x : is the twist correction factor.
By combining equation (20) and (5) we can get :
244 2L,
P=Pm,m,(1-00375 Yoe _ Y1-—x = (@21
;2m1 Jmgm, L,

st

(3} The twist correction factor :

In case of single yamns it is easy to take the correction factor equal
to 1 when the yam twist factor reaches its opumum value, and then
decreases according to the difference between the optinuin and actual
twist factors. But in case of plied yam the problem becomes more
complicated, because there are three factors must be taken imto account,
these are (atg) single twist factor, (m) number of plies and ply twist factor
(U.p)

Thus X, =255 (F2L)° (22)
aS
According to the nature of strength, twist curves for different
number of plies the value my corresponding six plies is equal to 2.3.
While the value of twist correction factor X7, as shown in table (3),
depends on the difference between the actual twist factor and optimum
twist factor /20/

Thus equation (21) can be rewritten as follows :

/
1-00375 244 2L, )
P=P m,m - (. \ (23

£ IL ~ml Jmnmlj[ Ly s )

(3) Experimental work :
To verify the plied strength predicted from the fonnula deduced in
the present work, a sample of soviet cottons were selected to reduce single

nng spun yams having different linear densities at different levels of twist
factors.
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These yamns plied in S direction with different number f plies ranges
from 2 to 6 at different twist multipliers.

A controlled sample from Egyptian cotton G-77 wag spun into
single and plied yarns.

The fibre properties are shown in table (1) and the phed yams
produced shown in table (4).

The fibre properties are shown in table (1) and the plied yamns
produced shown in table (4).

The produced yamns were tested for strength characteristics, strength
(gmvtex), C.V% of strength, yam twist and yam linear density.

(4) Results and Discussions :

From the expenimental results shows in table (4), it is clear that, the
strength of plied vam increases as the number of phes increases from 2 to
5 and then decreases as the number SF pfies increases. This can be
attributed to the components arrangement imply yam cross-section,
because single components taking a pipe form in regular pattem and
permits equal pressure in each coinponent and resuits in a higher strength
of plied yamn. On the other hand, with higher number of plies one or more
components tend to be in the yarn core while the others wrapping around
them. This situation causes non regular pressure in the components and
consequently reduces pled yarn strength. Also thie plied yarn strength was
affected by the amount of single and ply twist and twist directions. The
results shows a higher strength for plied yarn produced from single with
lower initial twast than those obtained with higher single twast.

This was explamed by the increment in the pressure generated by
ply twist which over comes the decrement in single pressure as a result of
untwisting it with small values for yarns having small twist in singles, and
consequently such yams introduced high pressure values reaches the
optimum, strength values. But in case of single yarns with a high ply twist
muitipher the decrement in pressure coming from the decrease in single
twist which exceeds an increase by ply twist, and strength increases, the
Increase in pressure by ply twist gradually assumes large proportions and
eventually nses above cntical level. The experimental results is in
agreement with the earlier studies /1,2,3,4,5,6,8/.

The experimental results were compared to calculated values of
plied yamn strength for all tested cotton samples.

As shown in table (4) and Fig. (2), which represents the results of
the Egyptian cotton sample, there is a slight difference between the actual
and predicted values of plied yamn strength.

A computer programs was developed to fit the experimental data of
equation (23).
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(5) Example of calculation :

[n otder to produce a sewing threads af 70/3 Ne from Egyptian
cotton sample No. (3), (Table 1)

A single yamn of 8.4 tex (70 Ne) were spun at twist factor equal 0.8
a, =3400*0.8=2720 ay /22/

44
By substituting mn (1-0.0375 Y, 24

- ,  where mj=3, Uy=3
Jm, 1,'moml) 1 °

(combed) and mgy = 69.4 fibres, thus the value between brackets equal :
0.77.

044 here:d=dgC, C=2.2 (from table "2")
sin~ B
Tl.lS

p=tan-! n.d 1o, where tor is the critical TP.M. of plied yam
corresponding critical twist factor of plied yarn which equal :
3660 o, then by substituting in equation (18) we can get 1o = 1294
TPM. and F =36.6/ 363 +30=0.20
Thus (1 ——n—“j = [ﬁj =095

\ L, 365

* The correction factor of twist

x, =255 (ZL)01 2955 (;737—0)‘-4“ =098

* The correction factor of twist X» =1 (ogp).

* From table (1) : Pr=4.8 gm and 1, = 36.5 mm.

* By substitution in equation (23), we can get
P=48%69.4%3%0.77%095*098=716.4 gm =28 4 wtex.

(6) Conclusions :

The study of plied yamn strength charactenistics gives the following
conclusions :

(1) The study affords a formula to predict the strength of cotton plied
yams.

(2) The suggested formula clearly show, the piied yarn strength dependent
on fibre properties, single and ply twist, number of plies and spiming
quality.

(3) The calculated values deduced from the suggested formula agree
satisfactorily with the experimental results. -
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Table (1) : Physical and Mechanical properties of cotton fibres

|| Staple length | Linear dengjty | Breaking logd Tenacity Single coung produced |
mm tex gm_ _ gm/tex tex
327 0.183 42 2295 25 (carded)
40.2 0.135 4.4 32.59 10, 12, 15 (combed)
36.5 0.121 48 | 39.7 12 (combed)

Table (3) : The correction twist factor X9

ap-0, | -1660 -1380 [-1100 [ -830 | -550 | -280 | -140 | 0 | 140

X 08 [0835] 087 | 09 [0935] 057 {0985, 1 | 098

ar-c || 370 | 740 | 1110 | 1480 | 1860 | 2200 | 2600 | 3000 | 3340

X5 10965 0,93 108510865 083 | 08 [0.765] 0.73 | 0.7

7\

Fig. (1) The forfesacting an the
fibre elemdnt on the yarn




Table (4-a)
Yarn | Single ply Exp. cal. Exp. [Cal.| Yarn Single | ply Exp. cal. Exp. [ Cal
count twist twist | (enocily | tenacily U% U% | count fex twist twist { tenacity | teoacity | U% U%
(tex) 1 factaor | factor | pftex g/lex factor | faclor gltex lex
90x2 3101 1940 16.0 14.6 7.8 7.5 1243 x 3 3779 2606 197 17.0 58 S 65
2291 17.3 16.0 338 215 20.4
3003 189 18.5 4002 216 217
3559 19.6 202 41 210 20.7 .
3902 19.0 190 | 5161 205 9.8
| 99x3 3101 2610 17.3 18.9 6.3 6.1 1243 x 4 3779 2745 198 19.1 5.1 49
2923 181 202 3493 226 22.7
3308 197 21.0 P04 227 23.0
4064 198 222 4259 220 2).6
4642 18.1 21.2 5568 20.6 20.0
09x4 3 2469 200 19.] 52 S3 1243 x5 3779 2548 200 178 472 44 |
2653 21.6 221 3177 224 218
3130 217 24.% 3624 231 239
3677 219 243 4265 226 228
4253 209 232 A 5271 215 214 J
99x S 3101 2682 225 20.2 49 4.7 1243 x6 3779 2884 200 17.7 39 4.0
3160 229 222 31276 203 202
3678 21.1 24.5 4142 20.) 212 ¢
4181 215 23 4 4815 195 20.7
4650 200 225 . 6937 18.8 16.8
99x6 | 3101 2686 304 18.9 42 | 437
3048 206 206 11.65x2 2980 2024 20.3 i8.4 7.1 6.8
3585 209 228 2651 205 21.5
4135 20.0 22.7 3179 24} 238
4597 10.4 218 3805 234 253
11.65x3 2980 2029 244 193 58 5.6
2784 269 243
4013 272 276
| 4650 260 26.3
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Table (4-b)

Yarn Single ply Exp. cal. Exp. Cal. Yarn Single My Exp. cal. Exp. Cal
count tyvist twist | (enocity | tenacity | U% U% | count tex | twist | 1wist | tenacity | temacity | U% U%
(tex) factor | factor | pflex t/tex factor | factor /iex Bltex
11.65x4 2980 2286 243 218 4.6 48 1493 x4 3452 2645 212 19.1 4.5 4.6
2957 255 26.2 3138 224 217
4930 272 274 3676 229 24.0
11.65x5 | 2980 2432 259 223 4.2 4.3 4591 225 226
3070 264 26.9 5175 218 21.4
4467 279 285 1493 x5 | 3452 2768 224 19.5 4.1 41
5768 264 25.6 3303 234 22.1
11 65x6 2980 2524 24.7 21.4 4.0 39 3871 235 238
3186 263 24.1 4514 223 229
4636 249 26.6 4595 216 21.2
5639 235 245 14.93x6 3452 2664 20.5 18.5 3.7 3.8
1493x2 | 3452 2323 18.6 15.8 6.7 6.5 3320 20.8 20.8
2831 203 18.0 3961 204 22,1
3572 207 20.7 * 3833 18.9 210
3784 198 204 3775 17.6 19.4
4602 190 19.4
14 93x3 3452 231 203 16.5 55 53
2805 215 19.2
3138 218 20.6
3635 225 227
4492 210 213
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Table (4-¢)

Yarn Single ply twist Exp. cal. Exp. Cal. Yarn Single | ply twist Exp. cal.
count twisl factor | temocity ( lenacity U% U% | connl tex | twist faclor | tenacity | (enacity

(tex) factor g/tex g/lex factar gllex gltex

25.7x2 2718 2025 1.3 9.5 78 71 14 82x3 3123 2136 195 16.1

2707 135 18 2594 218 18.7

3130 14.7 131 2968 225 203

3546 15.2 14.2 3365 227 221

4088 13.2 138 3809 230 219

26.05x2 3354 2337 12.0 9.7 2311 203 1695

3291 14.3 12.9 14.93x3 3452 2806 215 19.2

3596 14.6 13.5 3135 21.8 206

4180 135 3.2 3635 225 227

4784 12.6 126 3635 222 21.6

26.38x2 3791 2605 12.8 10.1 4087 222 21.6

3519 143 13.0 4492 210 213

4230 140 129 15 05x3 3916 2533 206 17.0

4610 131 127 301) 21.0 19.4

5260 123 12.0 3437 21.6 213

26.6x2 4352 2863 134 10.8 4020 21.5 21.5

3587 142 125 4656 201 204

4415 131 124 5097 192 19.8

5249 117 1.8 15 12x3 4233 2696 210 17.3

5078 1) Il 3305 213 201

3656 215 215

4278 21| 20.7

4795 195 200

5443 187 18
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Table (3-d)

Yarn couny | Single ply twist | Exp. col. Yarn single ply twist Exp. Cal tenacity
{tex) fwist factor tenocity fenacity count twisi factor tenacity glex
factor __g/tex _ plex (tex) lactor /tex
9 8x1} 2767 2272 163 17.9 11.45x3 2591 1940 pARE 203
2724 18.0 198 2472 237 239
3010 20.5 20.6 1560 277 285
1726 20.7 22.9 4119 261 2790 o
: 3937 203 22,8 11.65x3 2980 2029 24.4 193
4197 19.6 219 2784 | 269 243
99x3 3101 2610 17.3 189 4013 21.2 276
4 2923 i8.1 20.2 - 4650 26.0 26.3
3308 19.7 210 11.75x3 3462 2084 24.0 184
4064 19.8 222 3143 279 251
4291 19.9 21.3 3875 285 27.1
4642 18. 1 212 4495 253 258
10x3 3459 2910 18.2 19.3 5189 25.0 24.4
3364 19.3 21.3 2314 25.7 18.7
3764 19.5 219 11.98x3 3946 3447 274 25.5
4360 18.8 210 4116 26.0 25.6
4701 18.0 203 5770 28 223
5075 173 1v8 12.2x3 4432 2559 248 19 6
10.2x3 4287 3422 18.5 202 3798 264 254,
3764 19.0 208 4702 257 242
4503 18.3 19.9 6347 287 211
5259 180 18.7
5548 17.7 83
. $989 16 7 (7.5
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