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Abstrnactse This paper presents a new formula of twist multiplier for plied
yarns. The study concerned the influance of several parameters such as: Fiber
parameters, the bottom twist, single yarn liear density of plies. The experiments
carried-out on Ring-Spun plied cotton yarus and theoretical anatysis based on

the idealized yarn structure. the results obtained with predicted formula show a
constant twist multiplier for all plied yarns.

1. Twist structure of yarns
1.1. Inf ffi m i i

Much work has beea done on predicating the most favorable
structure for cotton in terms of its liber parameters(l). Also, yarn Strength is
generally the most important property required for cotton yarns.

Several research group have published formula‘s and tables for
prediction the optimum twist to obtain maximum yarn Stength as follows:

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

1.35
o= 2.7 + —— (L.1)
1.8
where (. is the yamm twist multiplier for maximum Strength t.p.Vcount
\; is the fiber length (inch)

(ii) A formula developed by landstreet et.al (3) gives the twist
multiplier as an exponentially decreasing function of the mean length times the
square root of the surfoce flineness.

\ -2.0% +0.38

Where :-
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Q. = is the yamn twist multiplier for maximum strength t.p.i./co\mtm
\, is the mean fiber length obtained from the fibrograph inch.
W\, is the fiber fineness by arealomgter measurements (ug/inch).

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

a=C-GU-GL+(CF 13)
Where :
Q. =is the yarn twist multiplier for maximum streagth .

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

C,,‘ where i=1, 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 formula for maximum
Skein Strength within the fiber property ranges of the cotton used in this
investigation.

O = 5-¥99+0.24% (micronaire reading) - 4.236(50 % span length)

- 0.016 ( Tenacity at 1/8 " 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 formula.

1,2 Relation between single and ply twist:

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 serverat 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, fiber
properties, tension during twisting ( which depends traveller weight, spindle
speed and ring diameter) and twisting technique.

Karetsky (9) studied the relation between plied yarn stength and twist multiplier
when oy, =085 oy , which take the foem parabola and developed several

formula's as follows:
(i) in terms of single twist, number of plies and yarn retraction.

a Yo = a Sex 1)% (1.5)

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

o = 5 9

(iii) In terms of yavn linear density, number of plies and single twist
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SN, Y,
avc'l - E ac.t V_‘; a&;‘: - (1.7) «

where :

QL v : Critical twist factor of plied yarn.

(I < : Critical twist muitiplier of single yarn
m : number of plies
Y\v : Retraction of plied yarn.

T? ’ Ts : Linear density (tex) of plied and single yarns
C : is proportional coefYicient, its value depends on the condition of
plied yarn production and its structure.
Sakalov (10) smggested the foljowing formula for deter:ning the critical twist

angle of plied yarns: ¢ -
cos( B)=
Q.74 0.493 " 1.4 (1.8)
A+ - ) +
Lo 20+ am {21 4O+ am L+ Hm

where
IBQ : Critical twist angle of plied yarn
d : plied yarn diameter in mm
¢ * Staple fiber length in mm
M : coefficient of friction between fibers

£ : Breaking extenstion of plied yarn (%)
m : number of plies

2. Ply Twist formula for maximum Strength:
2.1 Object:

Several articles deaft with many formulas have been proposed for
predicting the ply twist to obtain maximum strength. Most of investigations
declard that the prddicted values obtained from the publised formulas were not
accurate encugh. 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 details of experimentss are shown in tables (1 to
6) and indicate linear density of single yarns's, the bottom twist , number of
plies, the ply twist and streangth (g/tex) of single and plied yarns.

2,3 Formula Developments:
Several yarns are twisted together the resultant size of the ply yarn is
expressed in the mathematical form as follows:
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1=T\+’E+ ....... + N+t where i = 1,2,..m
Te=m\

where

. .

'Y v The resultant count of ply yarn.

T ¢ indicate count of each single yarn
m number of plies
Also, from the theoritical assumptions of idealized yarn Structure, the
relationship between turns per meter and yarn linear density is given by:

- or single yarn T, = —r=te
VAN EEERVAUN
a
forplyyarn T o = 77 = (2.2)

T,

By combining equations (1) and (2) we get

Qs
=1 &%\ 7o or

£ ]
0S8 O
= L ('—ﬁ—\ T, (2.3)
But the values of single twist multiplier for maximum strength according to (11):

a=zf Lte e (e
B a coeflicient = L“-ﬂ{\\'\m'\.g—‘

L; ¢ is baised mean fiber length and equal to

1
’ix+ O—
L
.. ¢ Staplelength in mm
o ¢ The Standard of fiber length
y7a : The fiber coefTicient of friction
N, :Fiber fineness in meteric count
for determination the critical ply twist * (. " The experiments were
constructed and lie in the two groups as follows:

(i) ply yarns 10 x3 and 15 x 2 tex produced from single yarns with
diffrent bottom twist multiplier " ¢y, " 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-a to 5-a). The Figure (1) shows the relstion
between critical ply twist which coressponds to maximum strength and single
twist " ¢y, " and expressed by following formula:
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and by combing eq.(2.5) and (2.3)

const 0.6

Tm = Kag ) \D-ﬁu.u ®

to get constant ply twist multipier

%ﬁ= Z;C:(%‘\.QA\Q-M 26 2.7)

(ii) ply-yerws praduced from diffrent single comstants U 115,12
and 10 tex with constsnt single twist multiplier " oy, ", While through twisting

.
operation, the number of plies (m) varies 2,3,4,5 and 6 ply producing diffrent
resultant count of ply yarns as well as final twist * ¢y " 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 Q. determined according

(2.6)

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

a?cc = 3360 K Q- % \ e 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 yarn linear density can be expressed as
follows:

Go= Tl e 10 TUOR™ s
3) Results and Discussion ‘

The strength of plied yarn vary complicatedly according to its single
twist and ply twist. Experimental studies into the subject has been made by
several research workers (12, 8,13 ), but not enough analyticaly research. On
the other hand, Kyuma et.al (14) explained the mechanics of the strength of ply
yarn compared with single yarns .

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-n, 4-a, 5-a, and 9-a shows the ply yarn strength against the ply twist
factor for threads prepared with different twist nultiplier. Also, the efTect of
varying the ply twist and number of plies on the strength is shown in figs 6-a, 7-
9, 8-, 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
maximum and subsequently decreasing as the ply yarn twist incresed.

- The maximum vx.llues increases as the single twist decreases, but at successively
higher ply yarn twist. Maximum values also increases as the numbek of plies
increases up to 5, then if it equal to 6 its maximum value lies under the maximum
values for 3 and above that of two plies.

- Changes in ply twist result in more rapid change in strength up to maximum
for the low ¢wist than for the twist single yarns. beyond maximum strength, rate
irrespective of single yarn twist.

- Generally, the ply twist strength curves for the 10x3,12x3,15x3 tex are
similar and three is deferences in the twist level required for maximum strength.
The ply critical twist in terms of single twist, number of plies and yarn linear
density, and the strength of single - plied yarns expresswd by equation (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 yarn, Ne 50
from Gize 77 combed 20% varying the bottom twist and number of plies.

The predicted formula given by equation (2.9) used for determination the ply
twist shown in tales (7 and 8) and figures 9 and 10. The curves indicate the
relation between the values of ply yarn are in almest in the same and equal to
3660 ¢y, for nll yarns obtained in the presented investigation.

Conclusion:

The study of 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 - emperical formula
for ply twist multiplier.

&= Tl 1O T O™ (L by M e O ey

Where:
Q. single twist multiplier (( (% p \uus&m\"lg\\)
"\; :Plied yarn linear density (tex).
m  : the number of plies

(ii) The predicted value of ply twist is clearly dependet on the chosen
variables and constant values of ply twist multiplier has been chosen for all
tested yarn ranged from 10 to 25 tex.
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