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Abstract
The geometry of a spinning triangle influences the distribution of fibre tension in it and 
affects the qualities of spun yarns. Spinning triangle division is one of the most effective 
measures and fruitful results have been achieved, such as Solospun technology. Therefore a 
theoretical study of the effects of general ring spinning triangle division on fibre tension is 
presented in this paper. The general case that the spinning triangle is divided into m parts 
including m - 1 parts of the primary triangle and one final triangle is investigated and two 
series of parameters: division proportions bi and triangle number at each part ni are intro-
duced for i = 1, 2, ..., m - 1. Firstly a theoretical model of the fibre tension distributions at 
the front roller nip is given by using the principle of minimum potential energy. Secondly  
numerical simulations of fibre tension distributions in the spinning triangle with different 
division proportions b1, b2 and different numbers of primary triangles n1, n2 where m = 3 
are presented. It is shown that the demarcation of fibre tension between any two adjacent 
primary triangles in the first part is decreased with an increasein b1 or b2 for the fixed n1 
and n2. Meanwhile, for the fixed b1 and b2, the total magnitude of fibre tension is increased 
greatly with an decrease in n1, whereas it rises slightly with an increase in n2. Finally the 
effects of spinning triangle division on yarn qualities are analysed according to the numeri-
cal simulations and previous results.
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mary triangle and one final triangle is in-
vestigated.

The subject of the spinning triangle has 
been one of the most important research 
topics and has attracted more and more 
attention recently, with a lot of results 
having been achieved [2 - 4, 10, 11]. 
The  force balance of fibres on the spin-
ning triangle was first considered in 
theory by studying the twist irregular-
ity of cotton and worsted spun yarns 
in ring spinning [10]. Then in order to 
predict the fibre tension distribution in 
the  spinning triangle and study the ef-
fects of spinning triangle geometry on 
yarn qualities, a  theoretical model of fi-
bre tension distribution in a a symmetric 
spinning triangle was developed by using 
the principle of stationary total potential 
energy [11]. However, the spinning trian-
gles are often asymmetric due to the fric-
tional contact of fibres with the bottom 
roller in some real situations, and this 
model was further extended to this kind 
of asymmetric spinning triangle by intro-
ducing a shape parameter for describing 
the  skew level of the spinning triangle 
geometry [2]. Then the effects of the hor-
izontal offset of the ring spinning triangle 
on yarn qualities was investigated [19], 
and corresponding yarn torque caused by 
fibre tension in the spinning triangle was 
discussed theoretically [20]. Moreover  

n	 Introduction 
During the ring spinning process, the fi-
bre strand comes from the draft zone first-
ly, which is flat and parallel to the twist-
ing axis of the strand at this time. Then 
the fibre strands rotate around the axis 
and the width begins to decrease with the 
twisting, and the fibres on both sides of 
the axis fold gradually and roll into the 
centre of the spun yarn, with the  spin-
ning triangle forming simultaneously [1]. 
Therefore the spinning triangle is a criti-
cal region in the spinning process, whose 
geometry influences the fibre tension dis-
tribution in it and affects the  properties 
of spun yarn [2 - 4]. Taking appropriate 
measures to influence the ring spinning 
triangle geometry and improve the qual-
ity of yarn has attracted great interest 
recently [5, 6], such as the Sirospun [7], 
Solospun [8], and Compact spinning 
technologies [9]. As is known, spinning 
triangle division is one of the most effec-
tive measures, and fruitful results have 
been achieved, such as Solospun technol-
ogy, which is implemented by dividing 
one ring spinning triangle into several 
small primary triangles and one final tri-
angle using a Solospun roller [8]. There-
fore the effects of ring spinning triangle 
division on fibre tension are theoretically 
studied in this paper. The  general case 
that the spinning triangle is divided into 
m parts including  m - 1 parts of the pri-
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spinning triangles are also asymmetric 
due to the horizontal offset between the 
twisting point and the symmetric axis 
of the nip line at the spinning triangle in 
some modified ring spinning systems, i.e. 
yarn spinning tension has an obvious an-
gle, with the vertical axis perpendicular 
to the nip line [5, 6], and a  model was 
further proposed for this situation [4]. 
Furthermore  quantitative relationships 
between the mechanical performance of 

the ring spinning triangle and  spinning 
parameters were investigated by using 
the Finite Element Method (FEM) [12].

Motivated by all the research works 
above, this paper attempts to investigate 
the effect of ring spinning triangle divi-
sion on fibre tension distribution in a 
general case, that is, the spinning triangle 
is divided into m parts including m - 1  
parts of the primary triangle, and one fi-

nal triangle is investigated. Two series of 
parameters: division proportions bi and 
the primary triangle number at each part 
ni are introduced for i = 2, ..., m. Theo-
retical models of the fibre tension distri-
butions on one final and m - 1 parts of 
the primary spinning triangles are given, 
respectively, by using the principle of 
minimum potential energy. With the help 
of a high-speed camera, the fibre tension 
distributions on spinning triangles with 
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Figure 6. Substrand distribution in the final spinning triangle.Figure 5. Substrand distribution in the middle primary spinning 
triangle of the second part.

Figure 4. Fibre distribution on the right boundary primary spin-
ning triangle of the first part.

Figure 3. Fibre distribution on the middle primary spinning trian-
gle of the first part.
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will be given successively. Fibre tension 
distributions in all the primary spinning 
triangles in the first part can be calculated 
as the following steps.

Step 1: By using the principle of mini-
mum potential energy, the substrand 
tension distribution in the final trian-
gle can be expressed as show in Equa-
tion 4 (see end of column 3), where, 

12 1mn − +  denotes the number of sub-
strands in the final spinning triangle,

1
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b =  the division proportions, and hi

is the height of the primary spinning tri-
angles at the i-th part for i = 1, 2, ..., m - 1. 

Step 2: According to the analysis 
above, the substrand tension in the pri-
mary triangles in the m - 1th part can be 
given as shown in Equation 5, where,
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the number of fibres in each substrand 
(see Equation 6, page 40).

Step 3: In the general case, the sub-
strand tension in the primary triangles 
in the k-th part can be given as shown in 

2, 3,j ja θ= , 2, 3,j ja θ′ ′=              (2)

Where 2, 1, 2, , 1j j n′ = + . 

( )2 3
2 1 1 11h hw w w

H
b+

= = − , 

( )3
3 1 1 2 11hw w w

H
b b= = − −         

(3)

Where w2 denotes the half width of all 
primary spinning triangles in the second 
part, and w3 the half width of the final 
spinning triangle.

For convenience of analysis, we make 
the following assumptions [4]: the cross-
section of all fibres is a circle with iden-
tical diameters; all fibres are gripped 
between the front roller nip and conver-
gence point; fibre slippage and migration 
and frictional contact between fibres and 
the front roller is taken into considera-
tion; the velocity of fibres in the spinning 
triangle is constant; fibre stress-strain 
behaviour follows Hook’s law for small 
strain, and the ends of all fibres gripped 
in the front roller nip distribute evenly.

In the following section, a general case 
where the spinning triangle is divided 
into m parts including m - 1 parts of 
the primary triangle and one final trian-
gle will be investigated. Fibre tension 
distributions in the primary triangles 
in the  first part and the substrand ten-
sion distributions on the primary spin-
ning triangle in the other part will be 
analyzed using the principle of minimum 
potential energy, respectively. Accord-
ing to the  analysis above, for obtaining 
the fibre tension distribution at the front 
roller nip line, i.e.  fibre tension in the pri-
mary spinning triangles in the first part, 
the substrand tension in the final spinning 
triangle should be given firstly, and the 
substrand tension in the primary spinning 
triangles in the m - 1th, m - 2th, ..., 2nd part 

different division proportions and dif-
ferent primary triangle numbers on each 
part are simulated numerically. 

n	 Theoretical analysis
The divided spinning triangle model is 
shown in Figure 1 where m = 3. Here, h3 
is the height of the final triangle, h1 and 
h2 the height of primary spinning trian-
gles in the two divided parts, respective-
ly, H = h1 + h2 + h3 the height of the ring 
spinning triangle, and b1 = h1/H &  
b2 = h2/H are defined as the division pro-
portions, resulting in h1/H = 1 - b1 - b2. 
Suppose that the total number of fibres 
in all primary triangles in the first di-
vided part is 2n + 1, and the total num-
ber of substrands in the second divided 
part and the final triangle is 2n1 + 1 and  
2n2 + 1, respectively, then it is obvious 
that the number of primary triangles in the 
first and second parts is equal to 2n1 + 1  
and 2n2 + 1, respectively, and we get  
2s1 + 1 = (2n + 1)/(2n1 + 1), denot-
ing the number of fibres in each pri-
mary triangle in the first part, and  
2s2 + 1 = (2n1 + 1)/(2n2 + 1), denoting 
the number of substrands in each primary 
triangle in the second part. Three primary 
spinning triangle models in the first part 
including the left and right boundary and  
middle triangles are shown in Figures 2 
& 4 respectively. Here, O1,j is the middle 
point of each primary triangle at the front 
roller nip line, C1,j the twisting point with  
load F1,j; the direction of F1,j is assumed 
to act along  the line O1,jC1,j; a1,j is the 
inclination angle of the spinning tension, 
θ1,j,i the angle between the right i-th fibre 
and central fibre, and θ1,j,i

, is the angle 
between the left i

,
-th fibre and the central 

fibre, respectively, for j = 1, 2, ..., 2n1 + 1.  
The middle primary spinning triangle 
model in the second part is shown in Fig-
ure 5. The final spinning triangle model 
is shown in Figure 6. Here,  O is the mid-
dle point at the nip line, C the twisting 
point with constant load Fs,  

θ3,i the angle 
between the right i-th fibre and central fi-
bre, and θ3,i

, the angle between the left 
i
,
-th fibre and central fibre, respectively. 

Suppose that the half width of the ring 
spinning triangle at the front roller nip 
line is w1. 

According to Figures 2 - 6, we have

( )( )2 2, , 2,1, 1 2 1 k j kj k sa θ a′′+ − + = + , 
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where, 2, 1, 2, , 1j j s′ = + , 

             11, 2, , 1k n= + .

( ) ( )
( ) ( )

( ) ( )
( ) ( )

1

1

1

1

1 , ,
1

, 0,1, , , 1 ,
2

,
1

1 , ,
1

, 0,1, , , 1 ,
2

,
1

2 2 1 1
2 1 1

2 1

2 2 1 1
2 1 1

2 1

m

m

m

m

n

s m m j m j
j

m j n m j m m jn

m j
j

n

s m m j m j
j

m j n m j m m jm

m j
j

F v AE M M
F M v AE M

M

F v AE M M
F M v AE M

M

−

−

−

−

−
=

= −

=

′ ′−
′=

′ ′ ′= −

′
′=

− + −
= + + −

−

− + −
= + + −

−

∑

∑

∑

∑





Equation 4.

(4)

( ) ( )
( ) ( )

1 1

1 1

1, 0,1, , , 0,1, , 1, 1, , 2 1, ,

1, 0,1, , , 0,1, , 1, 1, , 2 1, ,

2 1 1

2 1 1
m m

m m

m j n i s m j m j i m m j i

m j n i s m j m j i m m j i

F M v AE M

F M v AE M
− −

− −

− = = − − − −

′ ′ ′− = = − − − −

= Γ + + −

= Γ + + −

 

 

(5)



FIBRES & TEXTILES in Eastern Europe  2016, Vol. 24,  2(116)40

ber of divided parts m = 3, and the twist 
direction “Z”. By using Matlab software, 
numerical simulation results of the fibre 
tension distributions in the spinning tri-
angle with different division proportions 
b1, b2 and different numbers of primary 
triangles n1, n2 were obtained, shown in 
Figure 7 respectively. Here, the x-axis 
denotes the serial number of the fibres 
at the front roller nip from left to right, 
the y-axis -the fibre tension, and the neg-
ative value indicates the compressive 
force, whereas the positive value indi-
cates the tensile force.

In this paper, the symmetrical spinning 
triangle is considered only, thus the dis-
tributions of fibre tension are symmetri-
cal about the central fibre in all simula-
tions. The asymmetrical spinning trian-
gle, due to the frictional contact of fibres 
with the bottom roller [2] or the angle 
with the vertical axis perpendicular to 
the nip line [4], can also be considered 
similarly. Fibre tension distribution in 
spinning triangles with five different di-
vision proportions b1, where b2 = 0.5,  
n1 = 7 and n2 = 1, is shown in Figure 7a. 
Here, b1 = 0 denotes the spinning triangle 
without division. It is shown that the de-
marcation of fibre tension in the  fifteen 
primary triangles in the first part decreas-
es with an increase in b1, i.e. the  curve 
becomes more and more smooth, and 
the  total magnitudes of fibre tension 
also decreases slightly. One possible ex-
planation is that with an increase in b1, 
the height h1 increases, and the angle be-
tween the left boundary fibre in the j-th 
primary triangle and the right boundary 
fibre in the j + 1-th primary triangle de-
creases by j = 1, 2, ..., 2n1, which leads 
to the less demarcation of fibre ten-
sion between the two adjacent primary 
triangles. Fibre tension distribution in 
the spinning triangles with five different 
division proportions b2, where b1 = 0.5,  
n1 = 7 and n2 = 1 is shown in Figure 7.b. 
It is also exhibited that the demarcation 
of fibre tension in the fifteen primary 
triangles in the first part decreases with 
an increase in b2, and the total magni-
tudes of fibre tension decreases slightly. 
Meanwhile, comparing with Figure 7.a, 
the  fluctuation of fibre tension is more 
obvious.

To analyse the effects of the primary 
triangle number in the first part n1 on fi-
bre tension, numerical simulations with 
another two values n1 = 13 and n1 = 3 
are given in Figures 7.c - 7.f. Compar-
ing with the situation n1 = 7 in Fig-
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Equations 6 and 7.
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denotes the substrand number on 
each primary spinning triangle, and

 1
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2 1k
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nv
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  the total fibre number 

in each substrand (see Equation 8, 
page 41).

Step 4: Finally fibre tension in the pri-
mary spinning triangles in the first part 
can be given as shown Equations 9 & 10 
(see page 41).

n	 Simulations and discussions
From Equations 4 - 10, it is obvious that 
the fibre tension distribution in the spin-

ning triangle mainly depends on the spin-
ning tension, the number of divided 
parts, the number of primary triangles 
in each part, the division proportions, 
the fibre tensile Young’s modulus and 
cross-section, and the height and width 
of the ring spinning triangle. To obtain 
the height of the ring spinning triangle, 
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 ring spinning 
triangle. The yarn and fibre parameters of 
184.5 dtex cotton yarn used in the analysis 
are as follows: w1 = 1.65 mm, H = 2.9 mm,  
yarn spinning tension Fs = 20 cN, fi-
bre Young’s modulus E = 50 cN/tex,  
number of fibres in the yarn 2n + 1 = 135,  
fibre linear density A = 0.15 tex, the num-
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ures  7.a - 7.b, it is shown that the ten-
dency of the  fibre tension distribution 
curve is consistent in all three cases. 
However, the  total magnitudes of fibre 
tension increase greatly with a decrease 
in n1. Similarly, to analyse the effects of 
the primary triangle number in the sec-
ond part n2 on fibre tension, numerical 
simulations with another value n2 = 4 are 
given in Figures 7.g - 7.h where n1 = 13. 
Comparing with the  situation n2 = 1 in 
Figures 7.c - 7.d, it is also shown that 
the tendency of the fibre tension distribu-
tion curve is consistent in both two cases. 
However, the total magnitudes of fibre 
tension increase slightly and the fluctua-
tion of the curve decreases slightly with 
an increase in n2.

As is known, spinning triangle division 
is one of the most effective measures to 
influence ring spinning triangle geom-
etry and improve the quality of yarn, and 
fruitful results have been achieved, such 
as Solospun technology, which is imple-
mented by dividing one ring spinning tri-
angle into several small primary triangles 
and one final triangle using a Solospun 
roller [8]. That is, the spinning triangle 
is divided into two parts: primary trian-
gles and the final triangle in Solospun 
technology. The advantages of Solospun 
spinning have been shown comparing 
to ring spinning [13], such as less hairi-
ness, which further confirms the positive 
effect of spinning division on improv-
ing yarn qualities. Therefore, in this pa-
per, a theoretical study of the effects of 
Ring spinning triangle division on fibre 
tension is presented, and the  general 
case that the spinning triangle is divided 
into m parts including m - 1 parts of pri-
mary triangles and one final triangle has 
been investigated. Theoretical models of 
the fibre tension distributions at the front 
roller nip have been presented using 
the  principle of minimum potential en-
ergy, which lays a theoretical foundation 
for new spinning technology. 

Yarn torque is one of the important index-
es of yarn quality, which is determined 
on the basis of fibre tension translation 
in the spinning triangle [14]. It has been 
shown that the fibre tension within a yarn 
was the most significant factor contribut-
ing to yarn torque, and smaller fibre ten-
sion magnitude can produce lower yarn 
torque [4]. According to the numerical 
simulation results above, the magnitudes 
of fibre tension can be decreased by us-
ing appropriate spinning triangle divi-
sion. Hairiness is another  of the most 
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Figure 7. Fibre tension distribution in the spinning triangles with different division proportions: a) b1, where n1 = 7, n2 = 1 and b2 = 
0.5; b) b2, where n1 = 7, n2 = 1 and b1 = 0.5; c) b1, where n1 = 13, n2 = 1 and b2 = 0.5; d) b2, where n1 = 13, n2 = 1 and b1 = 0.5; e) b1, 
where n1 = 7, n2 = 1 and b2 = 0.5; f) b2, where n1 = 3, n2 = 1 and b1 = 0.5; g) b1, where n1 = 13, n2 = 4 and b2 = 0.5; h) b2, where n1 = 13,  
n2 = 4 and b1 = 0.5.
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important properties of  spun yarn. It has 
been shown that larger tension forces 
acting on the outer fibres of the spinning 
triangle would reduce yarn hairiness [15 
- 17]. According to the numerical simu-
lation results above, the tension of outer 
fibres at the front roller nip can be ob-
viously increased with appropriate spin-
ning triangle division. Meanwhile lots of 
hairiness will be rolled into the spun yarn 
body when the substrands are twisted 
into yarn on the final spinning triangle 
under  twisting [8]. Therefore appropri-
ate Ring spinning triangle division would 
be beneficial for yarn hairiness reduction. 
Yarn strength is another  property of great 
concern in evaluating yarn performance, 
which can be reinforced by increasing 
the lateral pressure between fibres [18]. 
The fibre number in each primary spin-
ning triangle decreases with an increase 
in the spinning triangle division, which 
can help to  transfer  the twist uniformly, 
which is beneficial for  tension balance 
on the spinning triangle. Then the lateral 
pressure between fibres can be increased.

n	 Conclusions
In this paper, the effects of general Ring 
spinning triangle division on fibre tension 
distribution have been studied theoreti-
cally. The general case that the spinning 
triangle is divided into m parts including 
m - 1 parts of the primary triangle and 
one final triangle has been investigated, 
with two series of parameters: division 
proportions bi, which described the ratio 
of each divided part’s height to the total 
spinning triangle height and the primary 
triangle number in each part ni for i = 1, 2, 
..., m - 1, being introduced in the analysis. 
The analysis indicated that the individual 
fibre tension in the divided spinning tri-
angle can be determined by the spinning 
tension, the number of divided parts, 
the number of primary triangles in each 
part, the division proportions, the fibre 
tensile Young’s modulus and cross-sec-
tion, and the height and width of the ring 
spinning triangle. 

The numerical simulation results for 
184.5 dtex cotton yarn have been pre-
sented using Matlab software accord-
ing to the theoretical models proposed, 
where m = 3. The fibre tension distribu-
tions in the spinning triangle with differ-
ent division proportions b1, b2 and dif-
ferent numbers of primary triangles in 
two parts n1, n2 have been presented. It is 
shown that the demarcation of fibre ten-

sion in the primary triangles in the first 
part decreases with an increase in b1 
or b2, i.e. the curve becomes more and 
more smooth, and the total magnitudes 
of fibre tension also decreases slightly. 
Meanwhile the total magnitudes of fibre 
tension increase greatly with an decrease 
in n1 but rise slightly with an increase in 
n2. Finally, according to the numerical 
simulations and previous results, the ef-
fects of ring spinning triangle division 
on yarn qualities have been analysed. It 
is shown that appropriate Ring spinning 
triangle division would be beneficial 
for improving yarn quality. Therefore 
the theoretical model given in this paper 
lays the foundation for spinning technol-
ogy innovation.
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