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I Introduction

Yarn torque is one of the properties of
most concern in evaluating yarn perfor-
mance and further textile processing,
which is determined by the mechanical
state of the constituent fibres and their
configuration in yarns [1 - 4]. Existing
results indicate that fibre tension, torsion
and bending are the three main compo-
nents contributing to the yarn torque,
and the fibre tension within a taut yarn is
the most influential factor governing the
magnitude of yarn torque [4] while fibre
tension is produced in the spinning trian-
gle, determined by its geometry. There-
fore yarn torque caused by fibre tension
in the spinning triangle is discussed in
this paper.

The spinning triangle is a critical region
in the spinning process of staple yarn, in
which yarns are finally formed by twist-
ing an assembly of short fibres [13].
Therefore the geometric and mechani-
cal performances of the spinning triangle
play an important role in determining
the distribution of fibre tension in the
spinning triangle and the physical per-
formance of spun yarns correspondingly
[5].The subject of spinning triangle has
been one of the most important research
topics and attracted more and more at-
tention recently. A number of theoreti-
cal investigations have been carried out
[6 - 10], in which the energy method plays
an important role. In order to predict the
distribution of tension forces of the fibres
in a symmetric spinning triangle, a theo-
retical model was developed primarily
using the energy method [8]. Then this
model was further extended to the asym-
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metric spinning triangle by considering
the migration of the axis fibre at the front
roller nip [1] and the inclination angle
of the spinning tension [6], respectively.
Furthermore quantitative relationships
between the mechanical performance of
a ring spinning triangle and the spinning
parameters were investigated using the
Finite Element Method (FEM) [5].

Since fibre tension in the spinning trian-
gle is the most influential factor for yarn
torque, there have been lots of theoreti-
cal researches linking fibre tension in the
spinning triangle to yarn residual torque
[1, 7, 11]. In general, the research is car-
ried out in three steps: Firstly fibre ten-
sion distributions in the spinning triangle
should be given. Secondly the average
fibre tension in each layer is presented
according to the fibre arrangement within
a yarn. Finally the yarn torque caused
by fibre tension can be obtained. There-
fore the fibre arrangement within a yarn
would also influence the yarn torque. In
the general case, for ease of analysis, all
fibres are assumed to be ideally packed in
the yarn cross-section in concentric cir-
cular rings [1]. There are two ideal pack-
ing models used in the general case: open
packing and the hexagonal close packing
model [12]. Therefore, in this paper, a
theoretical study of yarn torque caused
by fibre tension in the spinning triangle is
presented, and the arrangement of fibres
in the yarn is assumed as open packing
and hexagonal close packing with a sin-
gle core fibre, two core fibres, three core
fibres, four core fibres, and five core fi-
bres at the centre, respectively.

Su X, Gao W, Liu X, Xie C, Xu B. Theoretical Study of Yarn Torque Caused by Fibre Tension in the Spinning Triangle.

FIBRES & TEXTILES in Eastern Europe 2014; 22, 6(108): 41-50.

B Theoretical analysis

In this section, yarn torque caused by fi-
bre tension in the spinning triangle will
be investigated theoretically. The follow-
ing assumptions are made [1, 11].

Assumption 1. The ends of all fibres
gripped in the front roller nip distribute
evenly, i.e. w; = wp = iw/(2n), where w;
is the distance between the end of the i-th
fibre on the right side and point O, w;> -
the corresponding i’-th fibre on the left
side, and 2n + 1 is the total number of
fibres in the spinning triangle.

Assumption 2. The central fibre in the
spinning triangle runs into the core of the
yarn, and fibres near the central fibre pre-
fer to be arranged close to the core of the
yarn successively.

Assumption 3. During the yarn forming
process, the fibre is elastic and its ten-
sion created in the spinning triangle will
be kept completely when the fibres are
transferred to the yarn from the spinning
triangle.

Assumption 4. All the fibres are ideally
packed in the yarn cross-section in con-
centric circular rings. The arrangement
of fibres in the yarn is open packing or
hexagonal close packing with a single
core fibre, two core fibres, three core fi-
bres, four core fibres or five core fibres
at the center, respectively, and around the
center six fibres are arranged [12]. If the
arrangement is open packing, the number
of fibres arranged in each layer is given
by:
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Figure 1. Model of symmetrical spinning triangle. Figure 2. Spinning triangle model with two strands.
N =1 j=1 in Figure 1. Here, O is the middle point ~ According to Figure 1, we have
J . . © e
: (1) of the nip line, C’ the initial conver- w w
N, = In{lSO/ arcsin‘] j=2 gence point without any force, and C is tan 6, :h—",tan 0, =—"~ 5)
2(j-1) the twisting point with constant force Fj. 1 h

where Int(x) is the integral function.

If the arrangement is hexagonal close
packing, the number of fibres arranged in
each layer is given by

N,=1 =l
N, =6(j-1) j=2 2)
j (J_) J =
or
N, =n, j=1 3)
N, =6(j-1)+n, j>2

where ny =2, 3, 4, 5 is the number of core
fibres at the centre.

Theoretical analysis of yarn torque
with one feeding strand

A model of a symmetrical spinning tri-
angle with one feeding strand is shown
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i=l
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i=1

Equations 4, 6.
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w! and h; are the height and width of
the spinning triangle, respectively. 6; is
the angle between the right i-th fibre and
central fibre, and 6;- the corresponding
angle between the left i -th fibre and cen-
tral fibre. Let us suppose that the number
of fibres at each side of the central fibre
is ny, i.e. there are 2n + 1 fibres in the
spinning triangle.

Then using the principle of minimum
potential energy and basing on the analy-
sis in [6, 7], the distribution of fibre ten-
sion in the spinning triangle, as shown
in Figure 1, can be given as Equation 4
where, A is the cross-section of fibre, and
E is the fibre tensile Young’s modulus,

M, +AE(M,-1)

“)

M, +AE(M,-1)

M, +AE(M,-1)

(6)

M, +AE(M, 1)

Where w, =iw11 /(2n1), w, =i'w11 /(an).
The yarn torque caused by fibre tension
in the spinning triangle can be attained
if the arrangement of fibres in the yarn
is hexagonal close packing with a sin-
gle core fibre [1, 11]. Similarly the yarn
torque can be obtained if the arrangement
of fibres in the yarn is open packing.

Theoretical analysis of yarn torque
with two feeding strands

A model of a spinning triangle with two
symmetrical feeding strands is shown in
Figure 2. Here, w, is the width of the
spinning triangle for each strand, and
2w} is the distance between two strands.
6; is the angle between the 6;-th fibre in
the left (first) strand and the axisymmet-
ric line of the spinning triangle, and 6;-is
the corresponding angle between the i -th
fibre in the right (second) strand and the
axisymmetric line. Let us suppose that
the number of fibres in each strand is n,,
i.e. there are 2n; fibres in the spinning
triangle.

Then, using the principle of minimum
potential energy, the distribution of fibre
tension in the spinning triangle, as shown
in Figure 2, can be given as Equation 6
where:

1 1
Mi= > Mi'_ s
cos b, cosd,
0 0
W W+ W
tang, =——= tanf, =—=,
2 2
g a1
=M, =
i s Vit T
n2 nZ
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Then, based on the assumption above,
yarn residual torque caused by fibre ten-
sion in the spinning triangle can be given
as follows, for two cases investigated.

N
Case 1. 21, = Y [6(j - 1) +2]

Jj=1
In this case, all 2n; fibres are arranged in
hexagonal close packing in a yarn with
two core fibres at the centre, and 2n, - 2
fibres are arranged from the second layer
to the Nth layer exactly, with 3(j - 1) + 1
fibres in each strand distributed in the jth
layer. The average fibre tension of each
layer within a yarn 7; can be given as fol-
lows:

T. — F;’:l +F;’:l ] :1
/ 2
B; B
F+ 2 F @
T. _ i=l+a; i’:l+a/ 2 < ] < N
/ 6(j—1)+2
where
J
a,=>[3k-1)+11-3(j-D-1,

-
I

1

B, = Z/: [3(k-1)+1].

k=

Then, the contribution from the tension
of all fibres in each layer to the yarn
torque is given by Equation 8 where r
is the fibre radius and 6 the yarn surface
helix angle.

Finally the total yarn torque due to fibre
tension in the spinning triangle is given
as follows:

)

h
I
M=

Case 2.
Nll[6(/—1)+2] <2n2<z [6( - 1)+2]

J= J=1

N-1
In this case, the first 2[6(/ -H+2]
j=1
fibres are arranged in hexagonal close
packing within a yarn from the first layer
to the (N - 1)layer exactly. The number of
fibres in the Nth layer does not fill in the
layer completely. The average fibre ten-
sion of each layer within a yarn 7} can be
given as Equation 10:
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Equations 8, 11, 13.
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0,
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where 7, = 2[3(1' - +1),0,=2(n,—1,).

=

Then, the contribution from the tension
of all fibres in the Nth layer to the yarn
torque is given by Equation 11.

Finally the total yarn torque caused by
fibre tension in the spinning triangle is
given as follows:
N-1
L=YL+L, (12
j=1
where L; is the yarn torque caused by the
tension of all fibres in the first layer to the
(N - D)th layer, as shown in Equation 8.

Theoretical analysis of yarn torque
with three feeding strands

A model of a spinning triangle with three
symmetrical feeding strands is shown in
Figure 3, were, w, is the width of the
spinning triangle for each strand, and w
is the distance between each strand to the
axisymmetric line of the spinning trian-
gle. 0;, 0;>and 0;~ are the angles between

the i-th fibre in the first strand, the i ’-th
fibre in the second strand, the i ’-th fibre
in the third strand and the axisymmetric
line of the spinning triangle, respectively.
Let us suppose that the number of fibres
in each strand is n3, i.e. there are 3nj fi-
bres in the spinning triangle.

Then, using the principle of minimum
potential energy, the distribution of fibre
tension in the spinning triangle, as shown
in Figure 3 (see page 44), can be given as
Equation 13 where:

Mi: 1 sMi’: ]
cosd,

cosd,’

0
w,+w
M, = , tan§, =—/——,

cosf. h

! 3

Then, yarn residual torque caused by fi-
bre tension in the spinning triangle can be
given by the following two cases.

N
Case 1. 3n,= ) [6(j- 1) + 3]

J=1
In this case, all 3n3 fibres are arranged in
hexagonal close packing in a yarn with
three core fibres at the centre, and 3n3 - 3
fibres are arranged from the second layer
to the Nth layer exactly, with 2(j - 1) + 1
fibres in each strand distributed in the jth
layer. The average fibre tension of each
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Equations 14, 15, A.

Figure 3. Spinning triangle model with three strands.
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(14)

(15)

(A)

layer within a yarn 7; can be given as

Equation 14 where
J

a, =) [2(k-1)+1]-2(j-D)-1,

J
B, :Z[Z(k- 1)+ 1].
k=1
Then, we can get the yarn torque as
Equations 8 and 9.

Case 2.
%[6(]’- l)+3]<3n3<ﬁ:[6(/'- 1)+3].

Similarly, in this case, the average fibre
tension of each layer within a yarn 7} can

be given as Equation 15 where
N-1

=2 [2G-D)+1], 0,=3(n,~17,).
Jj=1
Then, we can get the yarn torque as
Equations 8, 11 and 12.

Theoretical analysis of yarn torque
with four feeding strands

A model of a spinning triangle with four
symmetrical feeding strands is shown in
Figure 4. Here, w, is the width of the
spinning triangle for each strand, and
w) is the distance between each strand
to the axisymmetric line of the spinning
triangle. 6;, 0;, 6;» and 6;» are the angles
between the i-th fibre in the first strand,
the i’-th fibre in the second strand, the
i ”-th fibre in the third strand, the i’’-th
fibre in the fourth strand and the axisym-
metric line of the spinning triangle, re-

Figure 4. Model of spinning triangle with four strands.
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spectively. Let us suppose that the num-
ber of fibres in each strand is 1y, i.e. there
are 4ny fibres in the spinning triangle.

Then, using the principle of minimum
potential energy, the distribution of fibre
tension in the spinning triangle, as shown
in Figure 4, can be given Equation A
were:

1 1
Mi = = )
cos 6, cos b,
1 1
M, = M, =
cos 0, cos 6.
W, + Wy W, + W,
tang =——*  tang, =——*,
h4 4
Wy + W) W+ W)
tand, =— tanf, = ——+
1 h b 1 h 2
4 4
a1 1
oo Tw W
i s it T > it T >
ny n, ny,
lWWJ‘
W, =
n,

Then, yarn residual torque caused by fi-
bre tension in the spinning triangle can be
given by the following two cases.

N
Case 1. 4n, =Y [6(j- 1) +4] .

j=1
In this case, all 4n4 fibres are arranged in
hexagonal close packing in a yarn with
four core fibres at the centre, and 4ny4 - 4
fibres are arranged from the second layer
to the Nth layer exactly. 2(j - 1) fibres in
the first and second strands and (- 1) +2
fibres in the third and fourth strands will
be distributed in the jth layer if j is even,
while (- 1) + 2 fibres in the first and sec-
ond strands and 2(j - 1) fibres in the third
and fourth strands will be distributed in
the jth layer if j is odd. The average fibre
tension of each layer within a yarn 7} can
be given as Equation 16.

Then, we can get the yarn torque as
Equations 8, 11 and 12.

Case 2.

N-1

Z 6(,-1)+4]<4n4<z [6( - 1)+ 4]

Similarly, in this case, the average fibre
tension of each layer within a yarn 7} can
be given as Equation 17.

Then, we can get the yarn torque as
Equations 8, 11 and 12.
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Egquations B, 18 and 19.

Theoretical analysis of yarn torque
with five feeding strands

A model of a spinning triangle with five
symmetrical feeding strands is shown in
Figure 5 (see page 46). Here, w! is the
width of the spinning triangle for each
strand, and w{ is the distance between
each strand to the axisymmetric line
of the spinning triangle. 6;, 6;, 6;», 6;»
and 0, are the angles between the i-th
fibre in the first strand, the i’-th fibre in
the second strand, the i ”-th fibre in the
third strand, the i’”-th fibre in the fourth
strand, the i ””-th fibre in the fifth strand
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and the axisymmetric line of the spinning
triangle, respectively. Let us suppose that
the number of fibres in each strand is ns,
i.e. there are Sns fibres in the spinning
triangle.

Then, using the principle of minimum
potential energy, the distribution of fibre
tension in the spinning triangle, as shown
in Figure 5, can be given Equation B
were,

1 1

M, = M, =——,
cosd,

i

" cos@. " cosB.’
0
1 +w,
M, = , tang, =—— |
cos G, A
0 0
W, + W Wy + W
tand, =———= tanf, = —>
h h
5 5
0 0
Wi + W, Wi + W,
tang, =———= tan @, =———
5 hS
i i'wh i"wh
1/1)[ = 2 Wl = 2 M}I = 2
ns ns ns
l.””W;
Wy =
ns

Then, yarn residual torque caused by fi-
bre tension in the spinning triangle can be
given by the following two cases.

N
Casel. 5n, =) [6(j- 1)+ 5]
Jj=1

In this case, all 5ns fibres are arranged in
hexagonal close packing in a yarn with
five core fibres at the centre, and 5ns - 5
fibres are arranged from the second lay-
er to the Nth layer exactly. 2(j - 1) + 1
fibres in the first strand and (j - 1) + 1
fibres in the second to fifth strands will be
distributed in the jth layer if jmodS = 1;
2 (j - 1) + 1 fibres in the second strand
and (j - 1) + 1 fibres in the first and third
to fifth strands will be distributed in the
jthlayerif jmod5 =2;2(j - 1) + 1 fibres in
the third strand and (j - 1) + 1 fibres in the
first, second, fourth and fifth strands will
be distributed in the jth layer if jmodS =
3;2(j - 1) + 1 fibres in the fourth strand
and (j - 1) + 1 fibres in the first to third,
and fifth strands will be distributed in the
Jjth layer if jmod5 = 4, and 2(j - 1) + 1
fibres in the fifth strand and (j - 1) + 1
fibres in the first to fourth strands will be
distributed in the jth layer if jmod5 = 0.
The average fibre tension of each layer
within a yarn 7; can be given as Equa-
tion 18 where

J
sj :zbsk _bsj H ﬂsj :;bsk ’

if kmodS =, by =2(k - 1) + 1, otherwise
bg=(k-1)+1fors=0,1,2,3,4.

Then, we can get the yarn torque as
Equations 8, 11 and 12.
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Case2.

N-1 N

DU[6G-1)+5] <5n3< Y [6(-1)+5]

J=1 J=1

Similarly, in this case, the average fi-
bre tension of each layer within a yarn
T; can be given as Equation 19 where

N-1 4
Ty :bek > Os :Z(”s ~7,5)-
k=1

s=0

B Simulations and discussions

To illustrate the effects of fibre tension
within the yarn on yarn torque, 26.5 tex
cotton yarns were taken as an example
in the following simulation. The yarn
and fibre parameters used in it are listed
as follows: number of fibres in the yarn:
180, spinning tension: 30 cN, fibre linear
density: 0.15 tex, fibre’s Young’s modu-
lus: 50 cN/tex, twist direction: Z, and
the fibre radius: 3.08 um. The number of
fibres packed in each layer within a yarn
is given in Table 1. We can see that the
number of fibres in the last layer does not
fill in the layer completely. The number
of fibres in the left, right and raised parts
of the spinning triangle packed in each
layer is shown in Table 2.

An image of the spinning triangle in tra-
ditional ring spinning can be captured by
the high speed camera system OLYM-
PUS i-speed3 (Japan). After some meas-
urements and calculations, we can get
the parameters of the spinning triangle,
shown in Figure 1, as follows:

W11= 4.5 mm, £ = 3.9 mm

(20)

Figure 5. Model of spinning triangle with five strands.
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Table 1. Number of fibres in each layer within a yarn.

Number of fibres in each layer

Layer Hexagonal close packing

number pgé)lg:g a single two core three core four core five core
core fibre fibres fibres fibres fibres
1 1 1 2 3 4 5
2 6 6 8 9 10 1
3 12 12 14 15 16 17
4 18 18 20 21 22 23
5 25 24 26 27 28 29
6 31 30 32 33 34 35
7 37 36 38 39 40 41
8 43 42 40 33 26 19
9 7 11 0 0 0 0
Table 2. Number of fibres in each strand in each layer.
Number of fibres in each spinning triangle part
Layer number
ny =90 n3 =60 ng =45 ns =36
1 (1, 1) 1,1,1) (1,1,1,1) 1,1,1,1,1)
2 4,4) (3,3,3) (2,2,3,3) (3,2,2,2,2)
3 (7,7) (5, 5,5) (4,4,4,4) (3,5,3,3,3)
4 (10, 10) (7,7,7) (6,6,5,5) (4,4,7,4,4)
5 (13, 13) 9,9,9) (6,6,8,8) (5,5,5,9,5)
6 (16, 16) (11, 11, 11) (10,10,7,7) (6,6,6,6,11)
7 (19, 19) (13,13, 13) (8,8,12,12) (13,7,7,7,7)
8 (20, 20) (11, 11, 11) (8,8,5,5) (1,6,5,4,3)
9 (0, 0) (0, 0, 0) (0,0,0,0) 0,0,0,0,0)

In the following, numerical simulation
of fibre tensions in the spinning triangle
and corresponding yarn torque will be
presented. For ease of analysis, all fibre
in the spinning triangle will be relabeled.
Taking the fibre in the spinning triangle
with three strands, as shown in Figure 3,
as an example, the fibres from left to right
in the first strand will be labelled 1, 2, ...,
n3 successively, those from left to right

in the second strand - n3 + 1, n3 + 2, ...,
2nj3 successively, and then the fibres from
left to right in the third strand as 2n3 + 1,
2n3 + 2, ..., 3n3 successively, which can
be seen in Figure 6.

According to the analysis above, simula-
tion of fibre distributions in the spinning
triangle with different strands and cor-
responding yarn torque can be presented

B (1)

5

Figure 6. Relabeling of fibres in the model of the spinning triangle
with three strands.
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Fibre tension, cN

4 1 1 1

0 20 40 60 80

100 120 140 160 180

Fibre position, number

Figure 7. Fibre tension in spinning triangles with different strands when the height of the
spinning triangle is identical. Attention: The full lines does not present functions but only

trends of the values.

4
3l —+— One strand
—+— Two strands
—+— Three strands
2 -
Four strands
—+— Five strands

Average fibre tension in each, cN

Layer number

Figure 8. Average fibre tension in each layer with different strands when the height of the
spinning triangle is identical. Attention: The full lines does not present functions but only

trends of the values.

using Matlab software. Firstly the height
of the spinning triangle is assumed to
be identical, i.e. iy = hz = h3 =hy = h5
= 2.8 mm, with W2 —W3 =W, —W5 =
= 2 mm, then numerical simulation re-
sults of fibre tension distributions in
corresponding spinning triangles with
different strands are shown in Figure 7,
and the corresponding average fibre ten-
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sion in each layer is shown in Figure 8.
Here the width of each spinning triangle
is assumed to be proportional to the fi-
bre number in it, i.e. W/ = wllnj /180 for
j=2,3,4,5. It is shown that the mag-
nitude of fibre tension in the spinning
triangle with two strands is almost identi-
cal to that of the fibre tension in the spin-
ning triangle with one strand, and then

decreases significantly with an increase
in the strand number. It has been shown
that the magnitudes of fibre tension in
the spinning triangle will probably influ-
ence fibre tensile stresses within the yarn
and thus affect the total torque of spun
yarns, with larger magnitudes potentially
leading to larger yarn torque [2, 6]. The
calculated yarn torques caused by fibre
tension in the spinning triangle is shown
in the first line of Zable 3. It is shown
that the yarn torque with two strands is
a little larger than that with one strand,
one possible explanation for which is
that although the magnitudes of fibre ten-
sion in the two kinds of spinning trian-
gles are almost identical, the asymmetry
of fibre tension in the spinning triangle
with two strands is a little worse than that
with one strand, which may lead to larger
yarn torque. Meanwhile the yarn torque
decreases when the feeding strands are
increased from two to five.

In the simulations above, the distances
between each strand to the axisymmetric
line of the spinning triangle w? are taken
identically forj =2, 3, 4, 5. Therefore the
effects of w;.] on yarn torque are subse-
quently analysed , and numerical simu-
lations of yarn torque with different w’
are presented in Figure 9, in which w;
is changed from 0.5 mm to 4 mm. It is
shown that with an increase in w!, yarn
torque with two feeding strands constant-
ly decreases, whereas with an increase
in w;, w, or &, yarn torque with three,
four or five feeding strands increases at
first and then decreases, i.e. showing a
parabola shape.

In the general case, the height of the
spinning triangle is not identical with
the different numbers of feeding strands.
Therefore numerical simulations of fibre
tensions and corresponding yarn torque
with different numbers of feeding strands
are also presented where the height of
the spinning triangle #; is changed pro-
portionally to the w1dth w/, i.e. the ra-
tio of the height of the spinning triangle
h; to the width w/ is identical, that is,
h —hlnj/180 for]—l 2, 3 4, 5. Firstly,
taklng w)=wy =w! =w)= 2 mm, nu-
merical simulation results of fibre tension
distributions in corresponding spinning
triangles with different numbers of feed-
ing strands are shown in Figure 10. 1t is
also shown that the magnitude of fibre
tension in the spinning triangle decreas-
es significantly when the feeding strand
number is increased from two to five.
Meanwhile the reduction is larger in this
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case than that in the assumption that 4, is
identical, which may lead to smaller yarn
torque, see the calculated yarn torques
shown in the second line of Table 3. Then
numerical simulations of yarn torque

with different w° are presented in Fig- h Gonfioa
J h changed

ure 11. 1t is shown that with an increase

in w?, yarn torque with a corresponding

number of feeding strands constantly de- .

creases for j =2, 3, 4, 5, that is, within a
certain range, an increase in the distance
between each strand to the axisymmetric
line of the spinning triangle is beneficial
for a reduction in yarn torque in theory.

M Conclusions

This paper is devoted to theoretical stud-
ies of yarn torque caused by fibre tension
in the spinning triangle. In order to inves-
tigate situations where the arrangement
of fibres is hexagonal close packing with
a single core fibre, two core fibres, three
core fibres, four core fibres or five core fi-
bres at the center, cases of yarn with one,
two, three, four and five feeding strands
were investigated, respectively. By using -4
the energy approach, theoretical models
of fibre tension in the spinning trian-
gles and the corresponding yarn residual
torque due to the fibre tension have been
given.

Fibre tension, cN

Table 3. Yarn torques with different strands.

Number of fibres in each spinning triangle with different strands, cN‘ym

nq =180 ny =90 n3 = 60 ng =45 ns = 36
1323.8 1399.3 1353.3 1185.7 999.8
1323.8 1352.8 1134.7 853.5 621.7

—+— One strand

—+— Two strands

—+— Three strands
Four strands

—+— Five strands

20 40 60 80 100 120 140 160 180

Fibre position, number

Figure 10. Fibre tension in spinning triangles with different strands when the height of the
spinning triangle is changed proportionally to the width. Attention: The full lines does not

present functions but only trends of the values.

As an application of the method proposed,

26.5 tex cotton yarns were taken as an ex-
ample for numerical simulations. By us-
ing a high speed camera system - OLY M-
PUS i-speed3, an image of the spinning
triangle in a traditional ring spinning with
one feeding strand was captured, and the
parameters of the spinning triangle w,
and &, were obtained. Then numerical

simulation results of fibre tension distri-
butions in spinning triangles with differ-
ent strands and the corresponding average
fibre tension in each layer were obtained
using Matlab software, where the height
of the spinning triangles was assumed
to be identical. Simulation results show
that the magnitude of fibre tension in the

spinning triangle decreases significantly
when the strand number is increased from
two to five, which leads to corresponding
changes in yarn torque. Meanwhile it is
shown that with an increase in w), yarn
torque with two feeding strands constant-
ly decreases, whereas with an increase in
wy, w; or wy, yarn torque with three,

1500

—+— Three strands

—+— Two strands
Four strands

—+— Five strands

w

=]

=]
T

N

=]
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Yarn torque, cN-um
8

900 1 1 1 1 1 1

1405%

1000 MW

0.5 1 1.5 2 25 3 3.5

Distance between each strand to the axisymmetric line
of spinning triangle, mm

Figure 9. Yarn torque with different distances between each strand
to the axisymmetric line of the spinning triangle when the height of

the spinning triangle is identical.
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Figure 11. Yarn torque for different distances between each strand
to the axisymmetric line of the spinning triangle when the height of
the spinning triangle is changed proportionally to the width.
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four or five feeding strands increases at
first and then decreases, i.e. showing a

Triangle on Yarn Torque: Part II: Distribu-
tion of Fiber Tension within a Yarn and lts
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search Journal 2007; 77, 11: 853-863.
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The Laboratory is active in testing fibres, yarns, textiles and medical products. The usabili-
ty and physico-mechanical properties of textiles and medical products are tested in accordance
with European EN, International ISO and Polish PN standards.

Tests within the accreditation procedure:
mass per unit area using small samples,
gation of fibres, yarns and medical products,

linear density of fibres and yarns, elasticity of yarns, ® breaking force and elon-
loop tenacity of fibres and yarns, ® bending length and specific flexural rigidity

of textile and medical products

Other tests:
for fibres: ® diameter of fibres, ™ staple length and its distribution of fibres, ® linear shrinkage of fibres, ™ elasticity and initial
modulus of drawn fibres, ® crimp index, ¥ tenacity
for yarn: ™ yarn twist, ® contractility of multifilament yarns, ® tenacity,
for textiles: ™ mass per unit area using small samples, ® thickness
for films: ™ thickness-mechanical scanning method, ® mechanical properties under static tension

for medical products:
elongation at break,

determination of the compressive strength of skull bones,
suture retention strength of medical products,

determination of breaking strength and
perforation strength and dislocation at perforation

The Laboratory of Metrology carries out analyses for:

research and development work, ® consultancy and expertise

Main equipment:
Instron tensile testing machines,
type C,

electrical capacitance tester for the determination of linear density unevenness - Uster
lanameter
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