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Abst.-. This paper preseatf a new formubt of twist multiplier for plied 
yarns. The study concerned the influance of several parameten IUch as: Fiber 
parameters, tbe bottom twist. single yam Iiear deDIity or plies. The experiments 
canied-out OD Ring-SpUD plied cottoD ylll"Ds and theoretical analysis based on 
the idealized yarn structure. the resmb obtained with predicted formula show a 
constant twist multiplier for aU plied yams. 

1. Twist structure or yarns 
1.1. Iofuence of fiber parameters on Single yarn twists 

Mum work has been done OD predicating the most favorable 
structure for cotton in terms orib fiber parameten(l). Also. yam Strength is 
generally tbe most important property required for cottOil yarns. 

Several researcb group have published formula1s aAd tables for 
prediction the optimnm twist to obtain muimum yl.l'll Steagth as roUows: 

(i) A table based upon tbe work of taIIlpbell (2) is used by mills for 
quick approximations. The equation giving the twist multiplier for maximum 
strength as an invene function of tbe square of fiber length. 

= l.ll + \.55 a.. \{ \. ~5 (1.1) 

where a. is tbe yam twist multiplier for maximum Strength t.p.vCO\lt\.\ \n 

\ is the nbu length (in~h) 

(ii) A fonnub developed by landstreet et.aJ (3) gives the twist 
multiplier as an exponentially decreasing function of the meaD length times the 
square root of tbe surfllce nnentSS.. 

(1.2) 

Where :-
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a.. = is the yam twist multiplier for maximum strength t.p.iJCO\l1\.t \I'l. 

\( is the Olean fiber length obtained from the tibrogrnph inch. 

M( is the fiber fineness by areaJollWlter mensuremegts (.uglinch). 

(iii) Louis et. aJ (4) developed a linear regression equation for 
maximum fineness and tenacity along budle length of 43 cottons. 

a=C-Cl\J-~L+Cr (1.3) 

Where: 
a.. = is the yarn twist multiplier for maximum strength. 

U is the tenacity length uniformity 
\t is the upper quartier fiber length by the sutter webb array. 

~ where i==l, 2, 3, 4 are constants depending on the yarn size. 

F is the weight fineness from the array. 
(iv) Louis and Fiori (5) developed a new twist fonnula for maximum 

Skein Strength within the tiber property ranges of the cotton used in this 
investigation. 

a, = c:,. ~(}(} +~ 14~ (micronaire reading) - 4.236(50 % span length) 

- 0.016 ( Tenacity at 118" guage) 
- 0.039 (Bundle elongation). (1.4) 

Also, a nomograph is provided to faciliate quick computation of twist multiplier 
from a given set cotton properties based on the above fonnula. 

1.2 Relation between single and ply Oyist: 
Because single yarn is an unbalanced Structure, it is not in equilbrium in 

the presence of a tensile stress only, but requires in addition the application of a 
couple about the yarn axis. Thus, a construction of involving serveral separate 
plies or single yarns logether is to be prefered to a single yarns (6). 

The plied yarns which are specially produced for technical objects, 
must had high breaking Strength and regular twist. Several Research workers 
(7,8) showed that the critical twist factor of plied yarns to obtain maximum 
strength was affected by: Single twist factor, the number of plies, tiber 
properties, tension during twisting ( which depends traveller weigh4 spindle 
speed and ring diameter) and twisting technique. 
Karetsky (9) studied the relation between plied yam stength and twist multiplier 
when a'l = ~ ~c:, a-. ' which take the foem parabola and developed several 

formula's as follows: 
(i) in terms of single twistt number of plies and yam retraction. 

a "Ct = a ~Ct J m R • (1.S) 
.Jm. - \ 

(ii) in terms of resultant linear density of pJied yarn number of plies 

_4~~ 
- .Jm (1.6) 

(iii) In terms of yarn linear density, number of plies and single twist 
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wh.ere : 

a ?~r : Critical twist ractor or plied yarn. 

a Set : Critical twist multiplier or single yam 

1ft : number orplies 

R'f : Retraction of plied yam. 

T. )0 

(1.7) 

t? ' t~ : Linear density (tex) of plied and single yams 

C : is proportional coefficient, its value depends on the condition or 
plied yarn production and its structure. 

Sokalov (10) .agested the rollowing formula ror determing the critical twist 
angle of plied yarns: •• . 

ca'S,\f3~ ') = 

wh.ere 

J3 ex : Critical twist angle of plied yam 

d : plied yarn diameter in mm 

L i : Staple fiber length. in mm 

)J : coefficient of rriction between fibers 
E : Breaking extenstion of plied yarn (0/0) 
m : number of plies 

2. Ply Twist formula for maximum Strem~th: 
2.1. Object: 

Several articles dealt with. many formulas have been proposed for 
predkting th.e ply twist to obtain maximum strengtb. Most of investigations 
declard th.at th.e prddicted values obtained from the publised formulas were not 
accurate enough. As consequence, The present study has shown a new formula 
from which ply twist multiplier for maximum yran strength can be predicted. 

2.2. Procedure ; 
For this purpose, ring spun yarns were produced from three types of 

cotton fibers. The construction detoils of experimentss are shown in tables (1 to 
6) Dnd indicate linear density of single yoms's, the bottom twist t number of 
plies, the ply twist and strength. (gltex) of single and plied yarns. 

2.3 Formula Deyelopments: 
Several yarns are twisted together the resultant size of the ply yam is 

expressed in th.e mathematical form as follows: 
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4 =t\ +'h + ....... +'\: + .... +~ where i = 1,2 t ••••• ,m 

t~=mts 
where 

t '? The resultant count of ply yarn. 

~ <& indicate count of each single yarn 

m number of plies 
Also, from the theoriticaJ assumptions of idealized yarn Structure, the 

relationship between turns per meter and yarn linear density is given by: 

for single yarn = a. 
~ 

a~ 

ff. for ply yarn 1: \\ = (2.2) 

By combining equations (I) and (2) we get 

a = m\\.~\ cr.) -z; or 
'? T." 

\\.~ '\'\\.~ fa.) =m -'-' ,- r, (2.3) 
1; " 

But the values of single twist multiplier for maximum strength according to (II): 
t}'l.\.,..+lSS \\.SS '1. 

a=~jJ \a \\.~m\\ex. \ml~)) 

/3: a coefficient = L,·,Ltt,"Nw.\(.yt 

Li : is baised mean fiber length and equal to 

Lk : Staple length in mm 

(j : The Standard of fiber length 
,Lt, : The fiber coefficient of friction 

~ : Fiber fineness in meterit tount 

for detennination the critical ply twist n a
ta 

It The experiments were 

constructed and lie in the two groups as follows: 

(i) ply yarn, 10 xl and IS x 2 tex produced from single yarns with 
diffrent bottom twist multiplier n a, " and the number of plies (m) is kept 

constsnt. The experimental results are shown in tables (1,2,and 3) and plotted 
graphically as shown in fig. (3-& to 5-a). The Figure (1) shows the relstion 
between critical ply twist whith toressponds to maximum strength and single 
twist If a, ff and expressed by following formula: 
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~c\()() Q.\ 

a ... ~\ al'..\I,Y)1l.1. 1' ..... • (l.5) .. 
and by combinl eq.(2.~) sad (2.3) 

const t).b 

,~:::: ~a~.\\)-)Q.14 1\ (2.6) 

to get constant ply twist multiplier 

(2.7) 

(ii) pI ...... produced from dI«rent single coastants \~: 1~ I 12 • 

and 10 tex with constsnt single twist multiplier" at. II. While through twisting 

operation, the number of plies (m) varies 2,3,4,5 and 6 ply producing dirrrent 
resultant count of ply yarns as well as final twist" at .. selected at five levels. 

The experimental results shown in tables (4,5 and 6) Are plotted graphically as 
shown in figs. (6-a to 8-a) 

The Figure (2) shows the relation ship critical twist arp. detennined according 

to eq. (2.7) and number of plies for dirrerent linear density of ply yarn and 
represented by the formula 

(2.8) 

when the above formula is substitued in equation (2.7), The ply critical twist in 
term of single twist, number of plies and yam 1inear density can be expressed as 
rollow~: 

~ ~16,r-rA~ M~ 
a~l = ~t\.~· \. \J} l.~ I\). ~ (2.9) 

3) Results and Discussion 
The strength of plied ynrn vary complicatedly according to its ~ingle 

twist and ply twist. Experimental studies into the subject has been made by 
several research worken (12,8, 13 ), but not enough analyticaly research. On 
the other hand, Kyuma et.a! (14) explained the mechanics of the strength or ply 
yarn compared with single y:arns • 

In present study, the experimental work carried out for predicting the ply twist 
to obtain maximum strength. The experimental results :are shown in Figs (3~10). 
Figures 3-D, 4-a, 5-a, and 9-a shows the ply yarn strength against the ply twist 
factor (or threads prepared with different twist nultiplier. Also, the effect of 
varying the ply twist and number of plies on the strength is shown in figs 6-a, 7 .. 
a, 8-a, 10-a. All the curves show the usual strenth. Twist charactersitics for ply 
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yarns for any set of curves it can be noticed that: yarn strength increasing to 
mal.imum and subsequently decre:lSing as the ply yarn twist incresed. 
- The maximum values incrt.:lses as the single twist decreases, but at successively 
higher ply yam n:ist. Ma:limum va1ues also increases as the number of plies 
increases up to 5, then if it equal to 6 its ma:limum value lies under the mnimum 
values for 3 and above that of two plies. 
- Changes in ply twist result in more rapid change in strength up to ma:limum 
for the low twist than for the twist single yarns. beyond ma:limum strength, rate 
irrespective of single yarn twist. 
- Generally, the ply twist strength curves for the 10 :I 3, 12 :I 3, 15 :I 3 tn are 
similar and three is deferences in the twist level required for mn:limum strength. 
The ply critical twist in terms of single twist, number of plies and yam linear 
density, and the strength of single - plied yarns npres!wd by equntion (2.9). 
The results obtained by use of equation are presented in fig. (3-b to 8-b). Further 
investigation carried out on a selected sample of Egyptian cotton yam, Ne 50 
from Gize 77 combed 20% varying the bottom twist and number of plies. 
The predicted for(Dula given by equation (2.9) used for determination the ply 
twist shown in tales (7 nn d 8) and figures 9 and I D. The curves indicate the 
relation between the vnlues of ply yarn are in almost in the same and equal to 
3660 a"l for all yarns obtained in the presented investigation. 

Conclusion' 

The study or ply twist in terms of bottom twist considering the effect 
of fiber parameters, yarn linear density and number of plies permits the 
following conclusion: 

(i) The present investigation affords a theoretical - empericai formuln 
for ply twist multiplier. 

Where: 
a!r. : single twist multiplier ( ~ t. ~ mt. \e.~ ~~~\ mt 1. Ii,))) 

l:~ : PHed yarn linear density (tex), 

m : the num ber of plies 

(ii) The predicted value of ply twist is clearly dependet on the chosen 
varinbles and constant values of ply twist multiplier has been chosen for all 
tested yam ranged from 1D to 25 tex. 
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Table (1) Table (2) 

Y"r·~rs· WJI ,.~~. ~4r-c.. ;U -., I~ -to ~... T:=' l=.1cr.-~'·1 ~ II crr,-.jli ~"L"~ ~::...,. ~ .'-
1482"'31 31231 -486 32341 21361 19.6 267"2 271S1 478t 3427 2026 11.3 

689 3927 26941 21.8 ! 6391 .. 681 2707 13.6 
678 "'1')2' 291S81 22.~ i 7391 ~'29S 3130 14.7 
715 .. 6094 3366l 22.7 1 Q371 60011 3646 16.2 
8661 6768 38091 23.0 I 9661 eg19i 40881 13.2 

I ~7a 86211 "3071 216 , ! I i 
149:3"'3 34621 486 3246 23111 20.3 26.06'"2 33641 4681 33781 23371 12.0 

sa9 3942 '28061 21.6 I 6691 476"1 3291 i 14.3 
I I 1568 44041 31361 218 i I 7201 51971 36961 146 

I I 7e31 510e 31S351 22.6 i ! 837\ 6042! 4180 135 
.%31 6742 .010871 222 I i 968[ 6916 478-4, 12.6 

i 9-431 6311 • ..sQ21 210 I 1 j 

1506""31 39161 482 3239 2633: 20.6 2638"2 3791 i 4731 3436 26051 12.8 

i 573 38601 301 'I 210 i i 639[ 484:2 31511:11 14 ~ 

! 1 6641 439151 34371 21.6 
, 766 6140 4020\ 21 6 

1 I ~ ee61 '59631 41)~1 20 ,. 

I t 768! 55791 42MI 14.0 
i 8371 MaO! 4810 131 

1 i 9661 69271 52601 . 12.3 

I i 970 '!5f:)181 50971 19.2 i ; ! 

16.12~. 42~3 48~ 32631 26961 210 
i 592 39871 33061 213 

, 666 44111 36661 215 I 

i I 7f~ Sin 427&1 21 1 
, 

6691 57~5 4796\ 19.6 , 
I 976 6667 6443, 18 '7 

26.6""2 I 4BG21 4671 :~-4()6i 2863 1:':1 . .01 , 
51361 4267! 36137 14.2 

5252\ 
- 4416i 13.1 t 7201 

! a661 62441 5249i '1,.7 

i Q715! 7112, SOJal II I 

i : 

Tecle 0) 

Y-Icr.-t.~· I ~ ,CIT, -l/f; \-r_~~(~-;:4 i~~ c-r , F 
98"3 I 2767\ 7231 39201 22721 163 

I ! 8671 4701 27'241 16.0 

i I 968 6194 30101 20.6 

I i 1186 6 .. 31 3726\ 20.7 

i I 1263 6794 39371 20.3 

! I 1336 724.041 4197\ 1~~ 
! \ 

99"'3, 31011 769 4136 26101 17.3 
, , Sf,() 1 46321 292f:sl 18.1 , 

3809 19.7 , , 962 6248 , 

6.01421 4054 198 
\ I 1182 

I \ 1248 15801 4291 190 

I 1350 7367 4642 18,1 , 
717 4266 2910 182 

10""3 i 34691 

I I 898 "919 3364 19.3 

I 1 1006 6606 3764 19.6 

I 1 11&4 62771 4360 19.5 

I 1 1266 15874\ .<4701 18.0 

I i 1366 7422 50;6 17 :3 

10;2"3 428il 76Q 426'" 3.d22 I 186 

i I 646 4860\ 376"1 19.0 

f I 1012! 66g81 46031 18.3 

~63Ql 5259' 18.0 
I ! 1182~ 

158981 66 .. 91 177 
i 

, 1247. 
, 13461 ;4461 59agl 115 7 

Tacle (I.) 

Y.ra a.~ I ...... ' ~Iy .. I T.l' . .11. 
.IIl," L{fr! _I .... ~ I T..-, c_, I'll ! i .,. CII-'I., ,i_ 

14.93"'+ 3462\ 636i 34761 23231 18.6 
, 1 775! 42351 2831 ! 20.3 

i ! 9761 ~261 36721 20.7 

i 10361 6661 37SA, 199 

1 12601 68SS, 4602\ 19.0 

14 Q37I 3462: 4851 324~ 23111 :20.3 

i I 6891 3942 28061 21.5 

I , 6681 44041 31361 21.8 
, 1 7631 5106 36361 22.5 , 

! 9-'101 sall ""92\ 21.0 

~ 3462! 467; 36321 26461 212 

I i 642\ 41sal 31381 22 . .01 

! 
, 5361 49071 36761 22.9 , 

i i 7931 6128 45QII 22.6 

I 
, 8941 6909 5176! 218 

\ 4.93'1r ;34621 409! 3634 2768. 22.4 

\ I 4881 42\6 33031 23. 

1 \ 672! 49421 3871\ 29.6 

I 667\ 5763\ 45141 22.S 

! i 8121 7016\ 64961 21 S 

14~ 3452! 371 \ 35111 :266-41 2:0.6 

4301 40101 33201 208 
1 

15131 48661 39611 20 . .4 
1 

.!B33 I 189 3261 6926; 
i 

70801 577'i1 17.6 
\ 7481 
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Table (5) Table (6) 
'I .. ,".',)., ~ i~ .. t./fP ~~(II,J"'" I ~=.., JIll c... ,u II I uI"l' , ,1_ 

12.<43"3 I 37791 671 : 34871 26061 lQ.7 
I 527 4439 331$1 21.5 
I 877 6967 400Z1 21.6 
I 0091 tS041 46131 21.0 , 

1131 6909 sun I 20.6 
12AS ..... 317~1 496 3487 27.;61 19.8 

Y .. [ .... '~.~ I .. ~ ~(tI,Jri.IY-c... Fl IT.,... IIifp "1. ',fJ/I'M I T...., 
1 I ( ."" 

9.9"2 I 31011 736 3276 19401 16.0 
I I 8691 3876 22911 17.S 
I , 

11391 60081 30031 19,9 
I I 1350 6207 3669J 196 
I I 1-480 6686 39021 19.01 

1~·9'"3 j 31011 769 4136 26101 173 
! 680 4439 3.4""-031 22.8 I l 860 4$32 20231 nH 
I 704 .. Q66 a9()4! 22.7 \ I 962 5243 3308J HU 

1 ! 7681 54115\ 42691 22.0 I I 11821 644\ r 406"1 19,8 
I 1040 7077! 55681 20.6 t I 1350 73571 464Z! 18.1 

11 31001 26481 20.0 99'"4 I 3101j 591 97'91 2.4691 200 
! I 490 38631 31771 22.4 f I 686 4000 26631 21 ~ 
I I 569t 44071 3624! 23,1 I I 749~ 47131 31301 21.7 , 

I d68 51871 42661 22.6 , I i $80 56381 36771 219 
I 8181 ~40Q 6271 J 21.6 1 ! 1 10181 6400 42631 201) 

2.43"6 37791 3001 331581 28e41 20.0 99"15 3101 I 649! 38~3 2082J 22.5 
1 4431 38281 .. 32761 20.3 i ... i 642· 46621 31(0) 229 

I I 6001 48861 414Zi 20.1 I ! 763! 6.298 36781 1'3.1 

i 1 66. 156221 4S16! 19.6 I I 866 6012 41et j 215 
, 888 72871 1$~871 1St) 

1 : : , 
I , 

I i 1:)62 
=!it~-

466()f 200 
9.9'"6 31011 482 26861 20.4 

I , 6",7 .Q 

1 ~ 538 .4917 35661 20.9 

I I 7491 .67181 ••• 41361 20.0 
I 

" 
8251 63581 -46971 194 

Table (7) 

1-- Ia,- 1.t"·1 ~ !~ .. ~ rf(!l,lr't1• I v_ T..,. Cout p6.:l1 J .• , "".' ~ ,1-
11.46'"3 1 26931 6901 34681 19401 21,1 

I ! 7621 44011 24721 2'3.7 

I 10931 S847) 36601 27.1 
I I 12631 73.414 411~1 26.1 

I I 1 I 
1 \ tl6~1 29801 661\ 32461 2029 24.4 11136""3 2029 2 ... .4 

! ! 766\ 4462 27841 

~ 1 I 10901 84191 4018 

I 1 12631 74381 46601 

2784 ze.Q 
40'3 272 
46601 26.0 

: I I 
11.76~3 3.01821 6.,<41 2g92 2084 24,0 

I 7601 4612 31431 27.9 
11.66"4 2980 2286 24.3 

2967 26.6 

I 9311 5663 3876 28,6 4930 272 

I 10871 6464 ~"96 26.3 

I 12661 7461 SISg 26.0 

I I 

1'198"3 3~461 6021 3010 23'41 25.7 

! 748! 44641 34471 27.4 

26.0 
26.4 
279 
2!$,4 

, 993! 6364! 4116 26.0 
I 1 12621 75061 6770 22.a 

I : : : r 

12.2"3 I 4432: 5041 30491 251.)91 24.S 
I I 748\ 46261 J7981 264 

247 
4.465 263 
~4S6 249 
7901 23.6 

I 9za~4702l 267 
I I 12601 63471 257 
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