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B Introduction

In the ring spinning process, first the
fibre strand comes from the draft zone,
which is flat, and almost all fibres are
parallel to the twisting axis of the strand
at this time. Secondly when it is twisted,
the fibre strands rotate around the axis
and the width begins to decrease. After
that the fibres on both sides of the axis
fold gradually, roll into the centre of the
spun yarn, and the spinning triangle con-
sequently formed [1]. In the spinning tri-
angle, on the one hand, yarn hairiness is
produced since the head and tail of the
border fibre cannot be involved in the
gauze easily, while, the border and cen-
tral fibre cannot break in twisting simul-
taneously since their tension is different.
Therefore strengthening each fibre can-
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not be fully achieved and hence the yarn
strength is reduced, i.e. the existence of
the spinning triangle has a negative effect
on the quality of yarn. On the other hand,
the fibres repeated rolling in the spin-
ning triangle makes transfers between
the internal and external fibres and en-
hance friction between fibres , which is
beneficial for the yarn strength and wear
resistance, i.e. the existence of the spin-
ning triangle has a positive effect on the
quality of yarn. Therefore the spinning
triangle is a critical region in the spin-
ning process of yarn and its geometry in-
fluences the distribution of fibre tension
in the spinning triangle, thus affecting
the properties of spun yarns, especially
the yarn strength, torque and hairiness
[2 - 5]. The existence of the spinning
triangle has a positive effect not on the
quality of yarn, but there are also nega-
tive effects. However, because of its ob-
jective existence, we should minimise
its negative effects and emphasise its
positive role, i.e. we should control the
spinning triangle reasonably. Therefore,
taking appropriate measures to influence
the spinning triangle geometry and thus
improve the quality of yarn has attracted
great interest in yarn spinning recently
[4 - 6]. All existing spinning technolo-
gies are achieved by changing the ring
spinning triangle in some way, such as
the Sirospun [7], Solospun [8], Compact
spinning [9] and so on.

In recent years, researches on improv-
ing the quality of ring spinning yarn by
changing the spinning triangle shape ac-
tively, especially the horizontal offset of
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the twisting point, have attracted more
and more attention by achieving fruitful
results [10 - 14]. Mismatch Spinning is
one of the most effective spinning tech-
nologies implemented by mismatching
one ring spindle [10]. This new spinning
technology is effective for reducing ring
spinning yarn hairiness [10, 11], but it
also leads to over offset, empty spindles
and other problems easily because of
mismatching one ring spindle each time.
Therefore a kind of yarn guide device
is installed between the front roller and
yarn guide in order to modify the yarn
path while not leading to the empty spin-
dle problem [11]. In a word, Mismatch
Spinning is a spinning technology imple-
mented by mismatching one ring spindle
in order to change the horizontal offset
of the ring spinning triangle and thus im-
prove yarn quality. Another example is
the spinning triangle formed in a modi-
fied ring yarn spinning system developed
by Tao Xiaoming et al. [2 - 4, 12, 13],
in which a false twisting device is incor-
porated into a ring frame for producing
low torque and soft handle single yarns
[4]. In this system, it is highlighted that
the speed ratio, which is defined as a ra-
tio of the ring spindle rotational speed to
the false twisting device speed, is a key
spinning parameter for obtaining differ-
ent shapes of the spinning triangle [4]. In
a word, the modified ring yarn spinning
system changes the shapes of the spin-
ning triangle by regulating the ratio of the
ring spindle rotational speed to that of the
false twisting device in order to improve
yarn quality in some way, such as softer
handle, higher yarn strength at lower
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twists, lower residual torque and so on
[13, 14]. Motivated by all these research
works, this paper attempts to investigate
the effects of the geometry of the ring
spinning triangle on yarn in detail , es-
pecially the horizontal offset d in the ring
spinning triangle.

Over the past decades, the subject of the
spinning triangle has been one of the
most important research topics and has
attracted more and more attention due to
its fruitful results [4, 5, 15 - 21]. Force
balances in the spinning triangle was first
considered theoretically in a study of the
twist irregularity of cotton and worsted
spun yarns in ring spinning [15]. Then
the structural transformations of fibres
at rupture were investigated in a study of
the strength of fibre strands in the spin-
ning triangle [16]. Furthermore, consid-
ering the different extensions of fibre in
the spinning triangle, the strength of the
triangle in ring spinning was similarly in-
vestigated in [17]. In order to study the
geometry of the spinning triangle and
its significance for yarn quality, it is em-
phasised that ring spinning geometry has
a certain influence on the process, such
as end breakages and yarn structure, in
which a long spinning triangle shows a
much more uniform distribution of forces
[18]. Based on the above analysis, a theo-
retical model was developed in order to
predict the distribution of fibre tension in
the spinning triangle by using the prin-
ciple of stationary total potential energy
[20]. In this model, only the symmetric
geometry of the spinning triangle was
considered. However, in real situations,

the spinning triangles are often asymmet-
ric due to the frictional contacts of fibres
with the bottom roller [4, 5]. Therefore
this model was further extended to the
asymmetric spinning triangle by intro-
ducing a shape parameter to describe the
skew level of the geometry of the spin-
ning triangle [2]. In all the studies men-
tioned above, the spinning tension of yarn
acting on the convergence is assumed to
be perpendicular to the nip line of the
front rollers. This treatment is reasonable
for a conventional ring spinning process.
However, this assumption is not appro-
priate for modified ring spinning systems
in which the yarn spinning tension has an
obvious angle with the vertical axis per-
pendicular to the nip line [4], as shown
in the study of a modified yarn path of
ring spinning proposed in [19]. Therefore
a new theoretical model was proposed by
considering the inclination angle of the
spinning tension based on the principle
of minimum potential energy [4]. Fur-
thermore the quantitative relationships
between the mechanical performance of
a ring-spinning triangle and the spinning
parameters were investigated using the
Finite Element Method (FEM) [21].

Motivated by all these research works
above, this paper attempts to investigate
the effects of the geometry of the ring
spinning triangle on yarn quality in de-
tail, especially the horizontal offset d in
the ring spinning triangle. With the help
of a high-speed camera and modified ring
spinning system with a pair of offset de-
vices which can change the horizontal
offset d continuously, the distributions of

fibre tension in the spinning triangle are
simulated numerically. Correspondingly
the properties of spun yarns produced
by the modified system are evaluated
and analysed using the simulation result.

B Theoretical analysis

Models of the spinning triangle with
right and left offset are shown in Fig-
ure 1. Here point C is an initial conver-
gence point without any force; O is the
middle point of the nip line, and C’ is
the twisting point with constant force Fj.
For convenience of mathematical analy-
sis , the direction of F is assumed to act
along the line OC; m is the half width of
the spinning triangle; d is the horizon-
tal offset of the twisting point C’ to the
symmetric axis of the nip line, and O’ is
the corresponding twisting point, with
d = 0. In this paper, the horizontal offset
d is a continuous variable and we mainly
consider its influence on yarn qualities.
o is the inclination angle of the spinning
tension, which is that between the line OC
and symmetric axis of the nip line OC".
h is the height of the spinning triangle; 6;
is the angle between the right i-th fibre and
central fibre; 6;- is the angle between the
left i’-th fibre and corresponding central
fibre. Supposing that the number of sides
of'the central fibre is 7, i.e. there are 2n + 1
fibres in the spinning triangle.

For convenience of analysis, we can
make the following assumptions: the
cross-section of all fibres is circular with
identical diameters; all fibres are gripped

:
%

a) 7,

Figure 1. Spinning triangle with: a) right and b) left offset.
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between the front roller nip and conver-
gence point C’; fibre slippage and mi-
gration and frictional contacts between
fibres and the front roller are not taken
into consideration; the velocity of fibres
in the spinning triangle is constant, and
the fibres’ stress-strain behaviour follows
Hook’s law for small strain.

For the case of right offsets, regarding
triangle OC’D and OC’E, shown in Fig-
ure 1, we get the following equations:

h
ws(O-a)=iiy O
h
COS(HI.V +(Z) Zm (2)
h
COSO!—M (3)

Then, based on the Equation 1 ~ 3, we
have:

&= Mgy + M;- 1 4)
& =Mpgy+ M;- 1 (%)
where: M, =m,
M. 1

" cosf, —tanasing,’

& 1s the central fibre strain, &;and &;- are
the strain of the right i-th fibre and left
i’-th fibre, respectively.

Using the principle of minimum poten-
tial energy and based on the analysis in
[4], the distribution of fibre tension in the
spinning triangle can be given as the set
Equations 6:

Here, A= 72 is the cross-section of fibre,
r the diameter of fibre, £ is the tensile
Young’s modulus of fibre.

We further assume that the ends of all
fibres gripped in the front roller nip dis-
tribute evenly, i.e. m; = m;> = i-m/n, where
m; is the distance between the end of the
i-th fibre on the right side and at point O,
and m;- is the distance of the i -th fibre on
the left side correspondingly. Then, from
Figure 1, we have

d
tana =—
h
tan(@l.,+a)=m"/+d _im+nd ’
h nh
tan(@—a):mi_d _im—nd
h nh

Therefore, we get
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Equation 6.
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Where tan6, = + ,
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tang, = a

nh* +nd* +i'md
fori=i’=1,2, .., n.

Based on the analysis above, we know
that if we take point O as the origin, and
the horizontal offset d takes a positive
value with the right offset, while takes d
a negative value with the left offset cor-
respondingly, then, for the case of left
offsets, we can get the same conclusion
as for the right offset. Therefore we know
that the distribution of fibre tension in
the spinning triangle can be given as in
Equation 6 for the left and right offsets
uniformly. In accordance with the above
assumptions, in this paper we can state
that -m < d < m and denote the horizontal
offset as |d| in the following.

B Experiments

From Equations 4 ~ 8, we can see that
the distribution of fibre tension in the
spinning triangle mainly depends on the
spinning tension, the horizontal offset,
the number of fibres at the roller nip,
the tensile Young’s modulus and cross-
section of fibre as well as on the height
and width of the spinning triangle. In the
general case, the height of the spinning
triangle /2 changes with the varying of

M, +AE(M,-1)

the horizontal offset |d|. However, this
kind of treatment is found to be difficult
to solve. Therefore we assume that the
height of the spinning triangle / is con-
stant with the varying of the horizontal
offset |d| in the following discussions.
From the twisting process of ring spin-
ning, we know that the width of the spin-
ning triangle is constant with the varying
of the horizontal offset |d|.

1 —FZ2
/s
/]
I
|
2 e — 7
— 8
3 —
I
4
10
1"

Figure 2. Diagram of the ring spinning sys-
tem with offset device; 1 - spinning triangle,
2 - bracket, 3 - locating yarn round, 4 - bob-
bin, 5 - front cots, 6 - front roller, 7 - locat-
ing yarn round, 8 - locating slot, 9 - yarn
guide, 10 - traveler, 11 - program.
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Figure 3. Diagram of measuring spinning
triangle parameters.

Ring spinning system with offset
device

To simulate fibre tension distribution in
the spinning triangle and illustrate the ef-
fect of the horizontal offset |d| on yarn
quality, 32s cotton yarns were spun on
an EJM128 ring spinning machine with
a pair of offset devices invented by our
group.

As shown in Figure 2, a pair of locating
yarn rounds is incorporated into a con-
ventional ring frame, which is installed
between the front roller and yarn guide
and can be moved in the scale locating
slot freely in order to change the horizon-
tal offset |d| continuously.

Spinning yarn and observation

of the spinning triangle

In order to illustrate the effect of varia-
tions in the horizontal offset |d| on yarn
quality, three types of 328 cotton yarns
were spun with the locating point of the
locating yarn round at the origin, right
and left, respectively. For all yarns, a
constant twist multiplier of 825 t.p.m.
was adopted.

A diagram of measuring the spinning tri-
angle parameters is shown in Figure 3.
Here, C’ is the twisting point, Q the ori-
gin of the scale locating slot, P - the lo-
cating point of the locating yarn round,
D - the movement distance of the lo-
cating point, the value of which can be
obtained from the scale locating slot,
H the height from the front roller nip to
the locating point, the value of which can
be measured directly, and |d| and % are the
horizontal offset and height of the spin-
ning triangle, respectively. In Figure 4, it
is shown that we can change the horizon-
tal offset |d| continuously by moving the
locating point of the locating yarn round
P, and we can get the following equation:

d_nh )

D H
To obtain the height of the spinning tri-
angle 4, a high speed camera should be
applied. In the experiment, a high speed
camera system - OLYMPUS i-speed3
was set up above the transparent roller
and used to capture the geometry of the
spinning triangle.

@ Results and discussions

In the experiment, three types of 325 cot-
ton yarns were spun with the locating
point of the locating yarn round at the or-
igin, right and left , respectively. An im-
age of the spinning triangle captured in
the normal position of the locating point
(d =0) is shown in Figure 4. After some
measurements and calculations, we can
get the parameters of the spinning trian-
gle as follows:

Figure 4. Image of the spinning triangle
capturing by a high speed camera.

In order to get numerical simulation
results of the distribution of the fibre
tension at the spinning triangle, the
spinning parameters and fibre proper-
ties of 32s cotton yarns were denot-
ed as follows: yarn spinning tension
Fg = 20 cN, fibre Young’s modulus
E = 50 cN/tex, number of fibres in the
yarn 2n + 1 = 123, fibre linear density
A =0.15 tex, and the twist direction ‘Z’.

By using Matlab software, the numeri-
cal simulation result of the fibre tension
distributions at the spinning triangle with
the horizontal offset |d| varying continu-
ously were obtained in Figure 5. Here
the x-axis denotes the fibre position at
the front roller nip; the negative number
indicates the corresponding fibre number
on the left side, the y-axis denotes the
horizontal offset d, the negative value in-
dicates the left offset, the z-axis denotes
the fibre tension; the negative value in-
dicates the compressive force, and the
positive value indicates the tensile force.
Generally the distribution of fibre tension
is symmetrical at about x =0 because we
suppose that the height of the spinning
triangle / is constant with the varying of

Fibre tension, cN

H=15cm,
m=1.55 mm, (10)
h=2.74 mm
25¢
2 L
151
=z
o
< 1
S
(7]
c
3 05
[
b5
[T O L
05
_1 L
50
mbe" 15 |
jore ostio™ ¢ 80 80
\!

-40 -20 0 20 40 60 80

Fibre position, number

Figure 5. Fibre tensions with the horizontal offset varying continu-

ously.

38

Figure 6. Fibre tensions with different horizontal right offsets.
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the horizontal offset |d|. The fibre tension
distribution is mainly dependent on the
shape parameter of the spinning triangle.
Along the width of the spinning triangle,
different fibres have different tensions
depending on their positions at the spin-
ning triangle. As shown in Figure 5, the
magnitude of fibre tensions is different
with the varying of the horizontal offset
|d|, and with an increase in the horizon-
tal offset |d|, the magnitudes increase.
To illuminate this phenomenon, the dis-
tributions of fibre tension are shown in
Figure 6 for d =0 mm, d = 0.3875 mm,
d = 0775 mm, d = 1.1625 mm and
d=1.55 mm, respectively. Fibre tensions
at the five horizontal offsets have differ-
ent magnitudes, ranging from -0.2362 to
0.8455¢cN, -0.3059 to 1.3109 ¢cN, -0.5029
to 1.6765 cN, -0.7963 to 1.9329 cN, and
1.1483 to 2.0910 cN, respectively.

As shown in Figure 6, the fibre tension
distribution with d = 0 is symmetrical
about line x = 0. With an increasing in the
horizontal offset |d|, the tension force de-
creases for fibres on the right side of the
spinning triangle, whereas it increases for
fibres on the left side. In fact, for fibres on
the right side, the curves are under com-
pressive forces for d = 0.775, d = 1.1625
and d = 1.55, but a part of fibres are under
tensile loading for d = 0 and d = 0.3875.

To illustrate the influence of the fibre
tension distribution on yarn proper-
ties, three types of 32s cotton yarns
were spun with the locating point of
the locating yarn round P at the origin
D =0 cm, right D = 6.8 cm and left
D = -6.8 cm respectively. After calcula-
tion using Equation 9, we get d = 0 mm,
d =1.224 mm and d = -1.224 mm cor-
respondingly. The numerical simulation
results of the fibre tension distributions
at the spinning triangle with these three
horizontal offsets are shown in Figure 7.
We can observe that the distributions
of fibre tension with d = 1.224 mm and
d = -1.224 mm are symmetrical about
x = 0. The measured properties of the
spun yarns produced under the three hor-
izontal offsets are shown in Tables 1 - 3.

Hairiness is one of most important prop-
erties of spun yarn. From Table 1, it is
evident that spun yarn with a right offset
has less hairiness than the normal yarn.
However, spun yarn with a left offset has
1 ~ 4 mm less hairiness; however, it has
5 ~ 9 mm more hairiness than normal
yarn. Compared with spun yarns with a
left offset, that with a right offset also has
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Figure 7. Fibre tensions with two different horizontal offsets.

Table 1. Hairiness of three kinds of yarn.

Hairiness Normal ring | Ring yarn with
length, mm yarn left offset
1 924.6 872.5
2 219.3 212.3
3 62.6 60.3
4 23.3 21.0
5 10.1 11.8
6 4.8 6.2
7 2.6 4.0
8 1.7 2.1
9 1.2 1.3

Table 2. Strength of three kinds of yarn.

Yarn strength index

Breaking time, s AV
AV
Tenacity, cN/tex
y CV%
. AV
Elongation at break, %
CV%
Breaking work, cN.cm AV

Table 3. Evenness of three kinds of yarn.

Yarn evenness index
CV%
Thin, -50% 1000 m-1
Thick, +50% 1000 m-1
Neps, +200% 1000 m-1

mean

1 ~ 4 mm less hairiness. In other words,
appropriate right offset of the spinning
triangle can help to reduce spun yarn
hairiness with a ‘Z’ twist. Combined with
the numerical simulation result shown
in Figure 7, we can draw the following
conclusion: selecting an appropriate right
offset of the spinning triangle can help
to reduce spun yarn hairiness with a ‘Z’
twist, whereas an appropriate left offset

Normal ring yarn

11.62

Reduction Ring yarn with Reduction
ratio, % right offset ratio, %
-5.63 861.5 -6.82
-3.19 199.9 -8.85
-3.67 55.8 -10.86
-9.87 20.1 -13.73
+16.83 8.8 -12.87

+29.17 4.8 -0

+53.85 25 -3.85

+23.53 1.2 -29.41

+8.33 0.8 -33.33

Normal ring Ring yarn with | Ring yarn with

yarn left offset right offset
4.56 4.84 4.70
24.2 23.1 26.2

1.8 1.9 25

7.5 8.0 7.8

1.2 2.2 29
657.7 674.3 719.1

Ring yarn with Ring yarn with

left offset right offset
11.00 11.45
0 0
3
3 7

can help to reduce spun yarn hairiness
with an ‘S’ twist. This conclusion will be
verified in our further studies.

Yarn strength is another of the most im-
portant properties in evaluating yarn per-
formance. As shown in Table 2, yarns
with a right offset have higher levels of
breaking strength than normal yarns,
whereas yarns with a left offset have
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lower levels with a ‘Z’ twist. One pos-
sible explanation of this phenomenon
is that an appropriate right offset of the
spinning triangle can help to transfer the
twist uniformly, thus benefitting the ten-
sion balance between the left and right
fibre, which may reinforce yarn strength
by increasing the lateral pressure be-
tween fibres. In addition, it is noted that
yarn elongation changes little with the
varying of the horizontal offset.

In addition, it is noted that spun yarns
with both an appropriate right and left
offset exhibit better yarn evenness than
normal yarns.

In other words, selecting an appropriate
right offset of the spinning triangle can
help to improve spun yarn quality with
a ‘Z’ twist. One possible explanation of
this phenomenon is that when ‘Z’ twist-
ing is inserted into fibres in the spinning
triangle, there is pretension on the fibres
on the right side, whereas the fibres on
the left side are relatively loose (see Fig-
ure 4). With an increase in the right hori-
zontal offset d, the tension force increas-
es for fibres on the left side of the spin-
ning triangle, whereas there is a decrease
for fibres on the right side (see Figures 6
and 7), i.e., selecting an appropriate right
offset can help to strengthen the control
of fibres on the left side. However, yarn
quality is not always improved with an
increase in the offset. As shown in Fig-
ure 7, with an increase in the horizon-
tal offset, the tension of the outer fibres
increase fast; when the fibre tension in-
creases to a certain degree and exceeds
the maximum tolerance of the fibre, it
will break and thus not benefit yarn quali-
ty. Therefore the optimal horizontal offset
will be investigated in our further study.

@ Conclusions

In this paper, the effects of the horizon-
tal offset d of the ring spinning triangle
on yarn qualities has been investigated.
By taking point O’ as the origin, with the
horizontal offset d having a positive val-
ue with a right offset, which has a nega-
tive one with the corresponding left off-
set, and using the principle of minimum
potential energy and the results in [4], the
distribution of fibre tension in the spin-
ning triangle with both the right and left
offsets have been presented uniformly.
Then, as an application of the method
proposed, spinning triangles of a modi-
fied ring spinning system with a pair of
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offset devices which can change the hori-
zontal offset d continuously have been
studied. The fibre tension distributions
in the spinning triangle are simulated nu-
merically with the horizontal offset vary-
ing continuously on the assumption that
the height of the spinning triangle 7% is
constant. It is noted that with an increas-
ing in the right (left) horizontal offset |d|,
the tension force decreases for fibres on
the right (left) side of the spinning trian-
gle, whereas it increases for fibres on the
left (right) side; consequently, the mag-
nitudes increase. Furthermore the proper-
ties of spun yarns produced by the modi-
fied system are evaluated and analysed
by using the simulation result. We know
that selecting an appropriate right offset
of the spinning triangle can help to im-
prove spun yarn quality with a ‘Z’ twist.
However, the yarn quality is not always
improved with an increase in the offset.
Therefore the optimal offset will be in-
vestigated in our further study.
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