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Abstract

This paper presents theoretical modeling for predicting the optimum twist angle on yarn made by
open end rotor spinning machine in textile industry. Fiber movement on yarn can be used for
predicting the optimum twist angle which can be used to reduce yarn breaking in spinning process.
In this research the twist angle has been found and the result of this research shows the twist angle

o . . . . d
around 45° and the theoretical result of the ratio of rotor diameter to fiber length is — =0.7.
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1. Introduction

In textile industry the study of the fiber movement inside yarn has been researched of many researchers. Ac-
cording to Rohlena [1], Lawrence [2] and Hearle [3], fiber movement on yarn will influence the yarn breakage.
Fiber migration is the change in the distance of a fiber (along its length) from the axis of a yarn, which occurs
during production spinning yarn. According to Lawrence [2], the characteristic of spun yarn can be determined
by the fiber movement and yarn structure as Figure 1.

Rohlena [1] said that breakage rate is influenced by the twist. The lower the twist is, the higher the breakage rate
is. According to Hearle [3] and Lawrence [2], fiber migration can be shown as the relation of (r/ R)2 as relative
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Figure 1. Structure of yarn based on characteristic machine (Lawrence, 2003).

measure of radial position against the yarn length z and the probability, P, of the fiber being resided into the
yarn depends on the ratio of the sum of elemental length (yarn length) > Al to the fiber length L, (Figure 2).
Hearle [3] and Rohlena [1] developed mathematical relationship of fiber migration as below

1
Y,=—|Yd 1
S A )

where Y, is mean fiber migration, Z, is yarn length and Y :(r/R)2 as relative measure of radial position.
According to Lawrence [2], for the probability P can be written as

po 2 @)

L,

Thus, for the probability P =1 then the full length of the fiber will be spun in and for the probability P =0,
then fiber is laid on the surface, as it’s called hair. According to Furter [4], the higher of twist is, the lower the
hairiness is. If part of the fiber length is spun in and the rest protrudes from the yarn, then Al <P <L, . The
trace of fiber inside the yarn can be shown as Figure 2.

Yarn properties can be analyzed and determined from the fiber movement which is shown by the ratio of yarn
length to fiber length, K, , as below

K, = L > licosa

L L

where L, the sum of fiber length which is projected to the yarn length L and « is the angle of yarn length
against fiber trace. According to Lawrence [2] and Rohlena [1], the ratio of yarn length to fiber length, K, ,
will influence the strength. The higher value of K, the more strength of yarn will increase. According to Musa
[5], Penava [6] and Prenzova [7] the relationship of yarn strength is proportional to the diameter of yarn, the
wider the diameter of the yarn the higher the strength of the yarn. According to Trommer [8], the value of tenac-
ity on winding (yarn package) R, must be around 20% R, (tenacity of take off roller) which makes the yarn
will not break during the spinning process. By extensive experiment, Trommer [8] has found that the limitation
of the ratio of rotor diameter to fiber length is more than 0.7. The influence of ratio K, to the properties of yarn
such as diameter of yarn, angle twist, strength, hairiness, yarn delivery, and also yarn twist will be discussed and
derived in this paper looking from the fiber-yarn movement on cylindrical coordinate and using Lagrange methods.

3

2. Predicting Twist Angle of Fiber Movement Using Lagrange Methods

Suppose a fiber moves in cylindrical coordinate and twist is defined as turns per unit yarn length H (in unit m).
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Figure 2. Fiber movement inside OE yarn.

Suppose a cotton fiber with length | inside yarn (radius r) moves along l-axis as in Figure 3 by an external

force F=F =F

spin

and an twist angle « . It can be used Lagrange methods to analyze the moving of indi-

vidual fiber which moves by angular speed ' [rpm] and by ignoring the influenced of yarn mass, hence

L=T-V-= %m(l'2 +1%sin’ay ) - Flcosar

L :%m(l'2 +1%sin*ay )~ F

ml” + Fcosa = misin®ay '
Suppose that the acceleration of fiber accelerates 1” =0

|m|sin2az//'2| =|Fcosa]

sin’er— |: F
cosa| |mly”
. F
t =
|tgnasing| —"

l//'2|hm ',[/,2|2m

Twist is defined as turns per unit length, hence

T4 _tna
H 2mnr
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£ is defined as twist coefficient
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Figure 3. Yarn moving during twist process.
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Another way to derive the relation of twist and the yarn number is by using this formula
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substitute Equation (17) to Equation (9)
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According to Trommer [8], the value of R, must be around 20% R, which makes the yarn will not break
during the spinning process, hence Equation (24) is agree with the experimental result. Using the twist angle 45°
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it can be explained and determined the relationship of fiber movement inside yarn and also the limitation of the
ratio of rotor diameter to fiber length is more than 0.7 and the fiber substansce strength (the ratio of yarn
strength to fiber strength is 50%).

3. Development of Fiber Movement Model

A simple model of fiber movement would be a made in a cylindrical coordinate. Pretend that a fiber moves
inside a yarn in a cylindrical coordinate which can be written as below

di* =(dp® + p’dg® +dz°) (28)
During a certain time dt, a length dl of a fiber moves inside the yarn whose length is dz. The fiber is

rotated about this axis through an angle d¢ . A fiber moves toward or away from the yarn axis with a distance
dp . The geodesic equation of the square of length of fiber can be measured as below

d2x” dx* dx”?

it T (29)
?;sz -pp* =0 (31)
o eret.
‘:Tf+%¢p 0 (33)

S i

w3 = = -0 34
dt2  “ dt dt dt? (349
gz =7 =Const (35)
dt
Lo__ 2. (36)
i op
. 2 .
dp=——gp (37)
P
¢ =constp? =Cp? (38)
d’p 2 -3
——=C 39
e p (39)
Let u=p™" inthe equation above, we have
. de )
=—=Cu 40
? =4 (40)
pg* =C° (41)
p:d—pzcma—p:—cd—” (42)
dt o de
2 2
TP cy2 U 43)
dt do
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Hence

which has solutions

P= Acosg
OAcos g

p=-C

For j—|=sec9 then dz =dlcos@
z

dz _ Ly

dl Ifil:uer

dz Const

For ¢ in one full rotation, then
m(z)=0
C

do _
dz lcos®
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Let ¢,p07 = gp° =C, then
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Hence Equation (28) can be written as
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For the value of o = 45°, then
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c05¢9=d—z=0.7 (60)
dl
Based on Figure 4 then
|
yamn ~ I"rotor =07 (61)
IFiber IFiber
2l
yam drotor =07 (62)
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The prediction of the theoretical model is appropriate enough comparing the experimental having done by
Trommer [8]. It has found that the limitation of the ratio of rotor diameter to fiber length is more than 0.7. The
value of K, can be measured as

|
K, ~ X =cosa (63)

IFiber

The value of K, dependson « (the angle of twist). According to Lawrence [2] and Rohlena [8], the ratio
of yarn length to fiber length, K, , will influence the strength. The higher value of K, the more strength of
yarn will increase.

4. Results and Discussion

The prediction of fiber movement and the influence of the kinematic inside of yarn which is worked by a fiber
has been derived and determined accurately according to the experimental data of Trommer [8]. According to
Trommer [8], the value of tenacity on winding on yarn package R, must be around 20% R, (tenacity of take
off roller) which makes the yarn will not break during the spinning process. By extensive experiment, Trommer
[8] has found that the limitation of the ratio of rotor diameter to fiber length is more than 0.7. The prediction of the
theoretical model is accurate enough comparing the experimental having done by Trommer [8]. It has found that
the limitation of the ratio of rotor diameter to fiber length is more than 0.7. the value of K, can be measured as

K; =cosa (64)
The value of K, dependson « (the angle of twist). According to Lawrence [2] and Rohlena [1], the ratio
of yarn length to fiber length, K, , will influence the strength. The higher value of K, the more strength of
yarn will increase. The value of twist angle is 45° using this value the value, then the tenacity on winding (yarn
package) R, must be around 20% R, (tenacity of take off roller) which makes the yarn will not break during
the spinning process.
5. Conclusion

It has been shown via classical mechanics (Lagrange and geodesic methods) that fiber movement on yarn can be

rotor groove

L yarn

— — -

Figure 4. Fiber movement inside yarn on rotor.
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used for predicting the optimum angle twist which can be used to reduce yarn breaking in spinning process. In
this research the angle twist has been found and the result of this research shows the angle twist around 45° and

. . . . . d
the theoretical result of the ratio of rotor diameter to fiber length is — =0.7.

Fiber

References

(1]
[2]
(3]
[4]
[5]

(6]

[7]
(8]

Rohlena, V., et al. (1975) Open-End Spinning. Elseiver Scientific Publishing Company, New York.

Lawrence, C.A. (2003) Fundamentals of Spun Yarn Technology. CRC Press, New York.

Hearle, J.W.S. and Grosberg, P. (1969) Structural Mechanics of Fibres, Yarns and Fabrics. Wiley-Interscience, USA.
Furter, R. (2009) Measurement and Significance of Yarn Twist. Uster Technology AG, Switzerland.

Musa, K. and Ayse, O. (2006) Relationships between Yarn Diameter/Diameter Variation and Strength. Fibres and
Textiles in Eastern Europe, 14, 84-87.

Penava, Z. and Oreskovi¢, V. (1997) Analysis of the Coincidence between Thin Places and Breaking Points in a Yarn.
Journal of the Textile Institute, 88, 21-32.

PrendZova (2000) International Journal of Polymeric Materials, 47, 701-707.
Trommer, G. (1995) Rotor Spinning. Deutscher Fachverlag, Frankfurt.



	Theoretical Modeling for Predicting the Optimum Twist Angle of Cotton Fiber Movement on OE Yarn Made by Rotor Spinning Machine
	Abstract
	Keywords
	1. Introduction
	2. Predicting Twist Angle of Fiber Movement Using Lagrange Methods
	3. Development of Fiber Movement Model
	4. Results and Discussion
	5. Conclusion
	References

