Hong Cui'”’,
Xiuli Gao?,
Dawei Gao',
Hongqin Lin'

'College of Textiles and Clothing,
Yancheng Institute of Technology,
Yancheng, Jiangsu, 224000, China
*e-mail: cuih72@163.com

2College of Textiles,
Henan Institute of Engineering,

Zhengzhou, Henan, 450007, China

Analysis of the Twist Influencing Factors
of Self-twist Yarns

DOI: 10.5604/01.3001.0012.9985

Abstract

The factors influencing self twists include two main categories: structural parameters and
process parameters on the self-twist spinning machine. Firstly from the twist formula of
in-phase self-twist yarn over a half cycle length, six structural parameters can be obtained
i.e. the oscillating stroke D, cycle length X, the distance L, from the nip of the front rollers
to the nip of the self-twist rollers, the perimeter of strand P, the feeding distance e of two

strands, and the distance L, from the nip of the self-twist rollers to the convergence guide O.

Among these six parameters, the effect of the oscillating stroke D and cycle length X on

the self-twist is opposite; therefore, the oscillating stroke D and cycle length X should have
a reasonable configuration in order to get more self twists. At the same time, the greater the
distance from the nip of the front rollers to the nip of the self-twist rollers can achieve more
twists of self-twist yarn in the case of limited space. Twists over the half cycle length decrease
with an increase in the circumference of strand P, along with that in the feeding distance e
and distance L, from the nip of the self-twist rollers to the convergence guide. The twists are
also iﬂﬂuenceoi by the processing parameters, such as the spinning speed, the pressure of the
self-twist rollers, and the spinning tension E, and E, from the nip of the firont rollers to the
self-twist rollers and from the nip of the self-twist rollers to the convergence guide, respec-

tively. The lower the spinning speed and the higher the pressure of the self-twist rollers, the
more self twists can be obtained. In the same way, the smaller the spinning tension E, and
E,, the more twists can be achieved. However, the value of spinning tension E; and E, cannot
be lower than 1.025 and 0.92, otherwise the normal spinning process cannot be obtained.
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B Introduction

The twists of self-twist yarn are ex-
pressed by the twists over the half cycle
length [1]. Self-twist is usually obtained
by slubbing two strands through a pair
of reciprocating self-twisting rollers [2].
It was also found that self twists are ob-
tained by converging after two strands
penetrate two nozzles, respectively [3].

Many researchers have concentrated
their work on the effect of spinning pro-
cessing parameters on yarn quality. Su
and Lo [4] studied the optimum drafting
conditions of fine-denier polyester spun
yarn, and optimum spinning conditions
were obtained, which are a break draft
ratio of 1.3 and 56 mm roller gauge in
conjunction with a higher roller pressure
(14 kgf). Yasemin and Hassan [5] inves-
tigated the relationship between the fibre
fineness, break draft, and drafting force.
They found that fibre fineness interacts
with the break drafting ratio to affect the
drafting force and sliver irregularity. Sai-
yed et al. [6] focused their work on the in-
fluence of fibre friction, top arm pressure
and the roller setting at various drafting
stages on yarn properties. In a past re-
search of self-twist spinning, Henshaw
[7] built up a mathematical model of
yarn structure and the relationships be-
tween the twists of self-twist yarn and
those of each strand. Wang [8-9] further
revised the relationships between the
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twists of self-twist yarn and those of each
strand and studied the effect of evenness
on the twists of self-twist yarn. Henshaw
[10-11] studied the strength properties of
self-twist yarn and their dependence on
various yarn parameters, such as the cy-
cle length and phasing for 60/64S wool
fibres and also reported the factors that
affect the distribution of strand twist
and self-twist. Walls [2] investigated the
twisting process and twist distribution
of self-twist yarn, deduced a formula to
calculate the twist, and pointed out the
relationships between twists and relative
parameters. In reference [12-13], two
methods are proposed to calculate the
distribution function of self-twist. The re-
sults show that the distribution function
of self-twist expressed by the twist dis-
tribution of slivers A and B is closer to
the measured result of self-twist yarn,
and the formula of the distribution func-
tion of self-twist is obtained, which lays
a theoretical foundation for the analysis
in this paper. At present, there are rela-
tively few researches on the influence of
self-twist spinning on self twists. In this
paper, the twist distribution function of
self-twist yarn is expressed by the twist
distribution function of slivers A and B,
and the expression of the twist over the
half-cycle length of self-twist yarn is ob-
tained. The variation of self twists was
tested, and the structure parameters and
spinning parameters were analyzed with
respect to their specific influence through

39



nip of front
-------------- rollers in main
draft zone

nip of self-twist
rollers

nip of take-up rollers

Figure 1. Schematic diagram of self-twist
spinning process. Where: L,— distance from
the nip of front rollers to the nip of self-twist
rollers, L, — distance from the nip of self-
twist rollers to the convergence point O,
O — convergence point of strands A and B,
e — distance between two strands.

experiments on the structure and spin-
ning parameters. The aim of this study
was to obtain optimum structure parame-
ters and process parameters of self-twist
spinning by analysing the factors affect-
ing the self-twist, so as to obtain better
quality of self-twist spinning yarn.

Calculation of the twists
of self-twist yarn

Self twists are calculated by the twist
distribution function of self-twist yarn,
which is expressed by the twist distribu-
tion function for the L, strand from the
nip of the self-twist rollers to the conver-
gence guide. The relationship K=2/2
between the twists of the strand and those
of self-twist yarn deduced by Ellis [14] is
adopted, K is the relationship coefficient
between the twists of the strand and those
of the self-twist yarn. The self-twist spin-
ning process schematic diagram is shown
in Figure 1. Drafted strands A and B,
twisted by acouple of reciprocating
rollers, respectively, which accumulate
a certain torque, are converged at the
convergence guide O to form self-twist
yarn by untwisting.

The  twist  distribution  function
T,(Z) =Ty(Z)[12]of strands Aand Bover
yarn section L, is as follows: the length
of strands A and B over yarn section L, is

2
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21°DL,

X? -21°L,\Je’ +4L1)
TX2(L,fe* +412)

B = arctan

. [ 2nZ
= 2 21 2 2 2.2 272 sin +B
PYXC +4T°L ] X e +4m° L, | X

(M

rTst (z2)= %[TA (D)+Ty(D)] T(DT(2)20

2

T, (DT (Z)<0

st(Z)zﬁ

T 1 [ 2n°DL,

T, (Z)=0

BX,X

21°DL,

. T
sinf —+f
PXC +4m°L ] X + 1’ +4mL] ( X ]}

T (Z)T,(2)20 3)
T(Z2)T,(Z)<0

T J2nDL, X

)

T= j L sin(m+5) z
i V2| PYX HAmL X e an (X
2n

“)

Egquations (1), (2), (3) and (4).
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perimeter of strand (mm), X — length of
one cycle, Z — delivery length, T,(Z),
Tg(Z) — twist distribution function of
strands A and B over section L, of the
yarn, B — phase angle of strand A or B.

The self-twist distribution functions are
obtained from the twist distribution func-
tions of the strands, shown as follows
Equation (2). Where T(Z) is the self-
twist distribution function.

Substituting Equation (1) into (2), the
twist distribution function of self-twist
yarn can be given Equation (3).

Twists T over the half cycle length can
be obtained by integrating the twist dis-

tribution function of self-twist yarn over

BX BX, X

the half le length (-——
e half cycle leng (275 2

Equation (4).

It can be seen from Equation (4) that
structural parameters such as the oscil-
lating stroke — D, cycle length — X, the
distance from the nip of the front rollers
to the nip of the self-twist rollers — L,, the
perimeter of strand — P, the feeding dis-
tance of the two strands — e, and the dis-
tance from the nip of the self-twist rollers
to the convergence guide O — L,, have
effects on the twists of self-twist yarns.

The influence of structural
parameters on the twists
of self-twist yarn

Experiment

Acrylic fibres of 3 denier fineness and
102 mm length and wool fibres of 22 pm
diameter and 78 mm length were spun
to produce acrylic sliver and wool sliv-
er. Acrylic sliver weighted 10 g/m and
wool sliver weighted 6 g/m were spun
into self-twist yarns on S300 self-twist
spinning systems. The average counts
were 50 tex wool\acrylic blended self-
twist yarn for structural parameters and
50 and 73 tex wool\acrylic blended self-
twist yarn for different spinning speeds
(50, 100, 150, 200, 235 m/min). 132 tex
wool\acrylic blended self-twist yarns
were spun at different pressures (300,
400, 500, 600 g) of self-twist rollers
and at different spinning tensions. Yarn
twist was tested by a YG155 twister.
The self-twist per half cycle length was
determined by untwisting the yarn at
a 105 cm length (half cycle length) until
the strands became parallel, and twenty
data were taken on average.
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The influence of different structural
parameters on the twists of self-twist
yarn

In Equation (4), the twists of self-twist
yarn over the half cycle length is relat-
ed with six factors i.e. the oscillating
stroke D, cycle length X, the distance
from the nip of the front rollers to the
nip of the self-twist rollers L,, the pe-
rimeter of strand P, the feeding distance

oT V2L, X

e of two strands, the distance from the
nip of the self-twist rollers to the con-
vergence guide O. When one factor is
researched, five other factors can be
arbitrarily fixed to discuss the relation-
ship between the twists of self-twist
yarn over the half cycle length and
any one of these factors. Firstly these
six factors are all partially derived see
Equation (5).

oT

| 1
198 200 202 204 206 208 210 212 214 216 218 220 222 224 226

X, mm

Figure 2. Theory curve diagram of twist change with
D, X & L,: a) twists of self-twist yarn over half cycle
length and reciprocating stroke D, b) twists of self-twist
yarn over the half cycle and cycle length, c) twists of
self-twist yarn over half cycle and distance L,.

Because all the spinning structural pa-
rameters are given a positive value, in the
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among the six parameters the twists of
the self-twist yarn increase with an in-
crease in D &L, and decrease with an
increase in X, P, e & L,.
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Theory curves of the twists of self-twist
yarn change with D, X & L,, shown in
Figure 2.

Theory curves, revised curves and ex-
perimental data of the twists of self-twist
yarn are shown in Figure 3. Because the
twisting efficiency of self-twist yarn is rel-
atively low, only 40-50%, the twist distri-
bution function curve needed to be revised
according to the average twist efficiency.

It can be seen from Figure 2.a-2.c, in
the relations between the reciprocating
stroke D, cycle length X, the distance
L, from the nip of the front rollers to
the self-twist rollers and the twists of
self-twist yarn, there is a linear relation
between the twists of self-twist yarn and
the reciprocating stroke D, where the
twists of self-twist yarn increase with an
increase in the oscillating stroke D and
distance L, from the nip of the front roll-
ers to the self-twist rollers, and decrease
with an increase in the cycle length X.
That is to say, a larger oscillating stroke
D, a greater distance L, from the nip of
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the front rollers to the self-twist rollers,
and a smaller cycle length X can achieve
more twists of self-twist yarn. Howev-
er, the reciprocating stroke D and cy-
cle length X are contradictory, but they
should reasonably match in order to ob-
tain better yarn quality. The reason is that
an increase in the reciprocating traverse
D inevitably leads to aincrease in the
cycle length X. The larger the distance
L, from the nip of the front rollers to the
self-twist rollers is, the more twists of
self-twist yarn can be obtained. But its
value is limited in a certain range.

As shown in Figure 3.a-3.c, in the rela-
tions between the perimeter of strand P,
the feeding distance of two strands e, the
distance L, from the nip of the self-twist
rollers to the convergence guide O, and
the twists of self-twist yarn, there exists
a difference between theoretical twists
and actual twists, and there is a 40-50%
average twist efficiency for self-twist
yarn. The figure shows the theory curve,
correction curve and actual twist value.
From the curves in Figure 3, the twists

of self-twist yarn decrease not only with
an increase in the perimeter of strand P
but also with an increase in the feeding
distance of two strands e and with an in-
crease in the distance L, from the nip of
the self-twist rollers to the convergence
guide O. The smaller the values of these
three factors are, the more twists are ob-
tained. When the actual twists are meas-
ured over the half cycle length, they are
distributed in the vicinity of the correc-
tion curve. This illustrates that Equa-
tion (4) can correctly reflect the twists of
self-twist yarn.

The influence of process
parameters on the twists
of self-twist yarn

The spinning speed [15], the pressure of
the self-twist rollers, and the spinning
tension E, from the nip of the front roll-
ers to that of the self-twist rollers and E,
from the nip of the self-twist rollers to
that of the take-up rollers are the main
processing parameters which influence
the twists of self-twist yarn.
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24t

22

20

18

14+

Twists on half cycle length

50 100 150

—m— S twists
—O— Ztwists

b)
—m— 50 tex S twists| 12
—0— 50 tex Z twists
—A— 73 tex S twists
—V— 73 tex Z twists
<
<))
c
K9]
o 10
o
>
[5)
=
©
<
c
(]
1]
R
z o
1 I 1 1 1 I
200 250 300 350

Spinning speed, m/min

1 1 1
550 600

1 1 1 1 1 1
400 450 500
Pressure of self-twist rollers, g

Figure 4. Twists over the half cycle length with the spinning speed and the pressure of the self-twist rollers: a) twists over half cycle length
and spinning speed, b) twists over half cycle length and pressure of self-twist rollers.

The effect of spinning speed
on the twist of self-twist yarn

The production efficiency of the self-
twist spinning system can be affected by
the spinning speed. It is beyond doubt
that the spinning speed has an influence
on the twists of self-twist yarn. The high-
er the spinning speed is, the shorter the
time of two strands used to be self-twist-
ed; and thus fewer twists can be added to
the self-twist yarn (Figure 4.a).

The effect of the pressure of the self-
twist rollers on the twist of self-twist
yarn

Self-twist rollers are pressurised by
weight, each being 100 g. Four groups
— 300, 40, 500 and 600 g were tested.
The results showed that the greater the
pressure of the self-twist roller, the more
twists of self-twist yarn obtained (Fig-
ure 4.b).

The effect of the spinning tension on
the twist of self-twist yarn

From the nip of the front rollers to that of
the self-twist rollers and from the nip of
the self-twist rollers to that of the take-
up rollers, the self-twist yarn should keep
a certain tension to ensure a smooth spin-
ning process. Tension size will directly
affect the process of self-twist and twists.
Smaller spinning tension E, from the nip
of the front rollers to that of the self-twist
rollers can gain more twists of self-twist
yarn over the half cycle length, as seen
from Zable 1. When the same spinning
tension E, is adopted, smaller spinning
tension E, from the nip of the self-twist
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rollers to that of the take-up rollers can
achieve more twists of self-twist yarn
over the half cycle length. That is to say,
the smaller the spinning tension E, and
E,, the more twists obtained. But when
the spinning tension E, and E, is too
small to maintain spinning in the guide,
the spinning tension E,; should be con-
trolled in the range of (1.025-1.06), and
E, should be more than 0.92. It is found
that the spinning process cannot be car-
ried out smoothly when the spinning ten-
sion E, is less than 0.92.

B Conclusions

By calculating the twist formula of in-
phase self-twist yarn over the half cycle
length, six structural factors can be ob-
tained i.e. the oscillating stroke D, cycle
length X, the distance L, from the nip
of the front rollers to the nip of the self-
twist rollers, the perimeter of strand P, the
feeding distance of the two strands e, and
the distance L, from the nip of the self-
twist rollers to the convergence guide O.
Among these six parameters, when a par-
ticular yarn is spun, the effect of the os-
cillating stroke D and cycle length X on
the self-twist is opposite, where the larg-
er the oscillating stroke D, the greater the
twist of self-twist yarn, and the greater
the cycle length X, the smaller the twist
of self-twist yarn. Therefore the oscillat-
ing stroke D and cycle length X should
have a reasonable configuration in order
to get the higher twist of self-twist yarn.
At the same time, the greater the distance
from the nip of the front rollers to the nip
of the self-twist rollers, the more the twist

Table 1. Twists at different spinning tensions
E,and E,.

E, E, s z

1.025 0.92 1.3 10.8
1.025 0.95 11.1 9.6
1.025 0.99 10.7 10.5
1.06 0.92 10.3 10.8
1.06 0.95 9.1 9.2
1.06 0.99 9 8.9
1.096 0.92 8.5 8.4
1.096 0.95 8.1 7.9
1.096 0.99 7.4 6.6

of self-twist yarn in the case of the lim-
ited space when selecting these parame-
ters. The twist over the half cycle length
decreases with an increase in the circum-
ference of strand P along with a decrease
in the feeding distance e and increase in
the distance L, from the nip of the self-
twist rollers to the convergence guide. In
summary, the smaller these three factors,
the better the degree of twisting.

The twists are influenced by processing
parameters such as the spinning speed,
the pressure of the self-twist rollers, and
spinning tension E, and E,,respectively,
from the nip of the front rollers to the self-
twist rollers and from the nip of the self-
twist rollers to the convergence guide. In
the case of the same specimen, the high-
er the spinning speed is, the more twists
there are. At the same time, the higher
the pressure of the self-twist rollers, the
more twists of self-twist yarn obtained.
In the same way, the smaller the spinning
tension E, and E,, the more twist counts
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achieved. However, the value of spinning
tension E, and E, cannot be lower than
1.025 and 0.92, and otherwise a normal
spinning process cannot be obtained.
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