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Abstract: In this study, a group of polyester multi-filament yarns were fed to the ring frame at the backside of
the front roller. A particular width was set for the filament group at backside of the front roller and the left out
filament was twisted by ring-spindle. The height of the spinning triangle was measured for various parameters,
such as the width of the filament strand spread, the number of filaments in the group, and the twist inserted by
the traveller in the yarn. A CCD image camera was used to take the image of the spinning triangle and its
height was measured from the image. The spinning triangle height was also predicted with the help of
regression equation and artificial neural networks (ANN) and the values were compared with the experimental
values. This study clearly shows that the triangle height is directly proportional to the width of the filament
strand and inversely proportional to the twist given to the yarn and the number of filaments in the group. The
ANN is much better and more accurate than regression equation with respect to prediction.
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I.  Introduction

In ring frame the width of the fibre strand coming out of the front roller nip is more than the final
diameter of the yarn spun. The twist flowing from the traveller shapes this strand into a triangle known as
“spinning triangle”. The dimensions of the spinning triangle and the distribution of fibres in it have a decisive
influence on the alignment of fibres both at the surface and within the yarn. These dimensions and fibre
distribution in turn are decided by the properties of the roving and the ring frame processing parameters. In the
spinning triangle the front end of all the fibres are almost held with the twisted yarn portion and their back ends
are held at the front roller nip. Among these fibres the edge fibres get a greater stretch, which decreases from
edge to core[1]. This lead to tension differences between the fibres at spinning triangle zone thus migrates the
fibre from one radial position to another radial position and the fibres are packed compactly in the yarn
structure. Whereas in rotor and friction spinning systems, the fibres at yarn forming zone are not firmly held by
any discrete nip point as a result of which twist runs back to the fibre strand present in the rotor groove and
perforated twisting drum respectively. In both the systems, fibres are laid one over the other and on already
twisted core of fibres, moreover the fibres will not get any tension differences as in the ring spinning this results
in poor migration of fibres and hence yarn structure[2,3,4,5]. In case of air-jet spinning, the spinning triangle
forms between front roller and first airjet nozzle. The edge fibres of the triangle are attached freely on the yarn
surface and rotate around the core. In this core region migration will take place similar to that of ring
spinning[5]. The second nozzle creates false twist. The twist in the yarn core is cancelled out as it comes out of
the second nozzle. However the migrated fibre will not move back due to the release of twist. The air-jet yarn
derives its strength from frictional cohesion of the fasciated fibres that are bound firmly around the yarn core as
a result of neutralisation of the false twist. However the resulted yarn shows poor packing density compared to
ring yarn. Thus the “spinning triangle” formation is essential to produce good quality yarn, which not only
influences yarn tensile and surface characteristics but also the yarn’s running performance and the fibre fly
liberation. The untwisted fibres present at spinning triangle portion causes end breakage and the rate of
breakage varies according to the size of the spinning triangle. The size of the triangle should be maintained as
low as possible (i.e untwisted portion) to maximise the production rate.

The measurement of the spinning triangle dimensions for different process parameters and an
understanding of its effect on yarn quality is potentially a valuable quality control tool for the textile industry.
But till now the spinning triangle dimensions for staple fibres spinning could not be measured exactly while
different process parameters were being changed. This was because of its small width and height. Also the
whole area of spinning triangle zone is in between the front bottom and top roller and is covered due to the
offset length given to the top roller. In this study, continuous polyester filaments were taken and fed at the
backside of the ring frame front roller, with a particular width - which was higher than the normal existing staple
fibre strand width. This resulted in a longer spinning triangle zone, forming below the front bottom roller, which
enables easy measurement and also shows clear changes in spinning triangle height when the process parameters
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get changed. In recent days, artificial neural networks (ANN) have shown a great success for modelling non-
linear process. Prediction of yarn strength[6], ring and rotor yarn hairiness[7], dyeing time[8], dye
concentrations in multiple dye mixtures[9], total hand evaluation of knitted fabrics[10] and tensile properties of
needle punched non wovens[11], web density control in carding[12], classification of dyeing defects[13],
evaluation of seem puckering in garments[14] and quality assessment of carpets[15] are some of the areas where
ANNSs have been attempted. In this study an attempt has been made to predict the spinning triangle height in
ring frame using artificial neural networks. The results obtained from ANNSs analysis are compared with those
obtained from regression equation to ascertain the efficiency of the prediction of spinning triangle height by
ANNS.

Il.  Materials and Methods

Continuous polyester multi-filament (34denier) yarns were taken and fed at the backside of the front
roller in a ring frame through pre-tensioner and a thread guide as shown in Figurel. The thread guide enabled
the feeding of the filaments at a fixed position and fixed width. The width of the filaments spread was changed
from 8mm, to 10mm, 13mm, 15mm and 20mm. The number of filaments in the group was changed from 4 to 6,
8, 10 and finally 12. The filaments leaving from the front roller were twisted by ring-spindle and the twist
inserted was changed from 15.34 TPI, to 17.74 TPI, 20.14 TPI, 22.75 TPI and 25.33 TPI. The CCD camera was
fixed in front of the front roller and software was used to send a series of digital images to the computer, which
was stored in hard disk. From these images, the height of the triangle at different settings was measured. All the
experiments were conducted on a Lakshmi Rieter G5/1 spinning frame fitted with rings of 38-millimetre
diameter. The measurements were taken when the yarn winding was taking place at full diameter of the cop
bottom. Spindle speed was maintained at 8000 rpm, the offset length given to the front top roller was 4mm and a
Lakshmi traveller number 2 was used on the ring.

Fil t 5
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roller

Back roller & \Y Camera
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Figurel Method of measurement of spinning triangle height

1.1 ARTIFICIAL NEURAL NETWORK (ANN)

The physiology of the neurons in a biological neural system - such as the human nervous system -
generates a very sophisticated pattern recognition capability. This has been the fundamental reason for the
development of ANN based software. Software modelled on this principle can be “trained” to capture non-linear
relationship between the input and the output variables. A number of different principles/models of ANN have
been developed and the present most commonly used model is the layered feed forward neural network with
multiple layers and with the back propagation-learning algorithm[16]. An ANN is a computing system
composed of a number of highly interconnected layers of simple neurons like processing elements which
process information by a dynamic response to external inputs. The information passes through the complete
network with linear and non-linear transformations. The magnitude of the transformations depends on the stored
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values (weights) at each processing element. These weights are determined by “training” the neural networks —
that is presenting a series of cases where both the input values and the correct answers are known. Once the
ANN is “trained”, it can be used to predict the expected answer for new sets of input values.

In this study a multi layered feed forward neural network architecture was used (Figure 2). The circles
represent the processing elements — the “neurons”. As it can be seen the “neurons” are arranged in five layers.
One input, one output, and three hidden layers have been used in the present study. A neuron (i) in one layer is
connected with a neuron (j) in next layer with a weight of Wij. The exact values of the various Wij‘s were
determined by the data used to “train” the network. One of the most typical activation functions used in neural
network training is the binary sigmoid function, which has a range of (0,1). Since the binary function as a range
of (0,1) the values of input and output parameters have to be scale down between 0 and 1 by normalizing them
with suitable factors. The ANN was trained by presenting it successively with 125 sets of input and output data
sets. The input variables selected were the Twist, Number of filaments and Width of the spinning triangle. The
output variable was height of the triangle. The ANN was trained up to 60,000 cycles to obtain optimum weights.
The weights of ANN for height of the triangle are given in Table 1.

Input layer Hidden
layers

Output
layer

TPI
Number Spinning
of triangle
filaments height
Filament
strand
width
Figure 2 Artificial Neural Networks
Table 1 Weights Obtained in Training of Artificial Neural Network
Weights 1and 2™ layer 2"™and 3" layer 3™and 4" layer 4™ and 5" layer
Wy, 1.556876 -11.171446 -7.067149 -3.375407
Wiy, 3.503547 -0.50141 -5.675291
W13 -2.429895 0.526224 -8.178473
Wy 12.531017 1.006557 -1.624776 -1.487290
Wy, 0.128461 -1.510304 -1.831245
W, -8.206220 -3.956986 -0.387648
Wy -2.517908 10.263639 -3.516867 -3.019187
W, -4.348798 0.230849 -3.768124
Wa, 2.220837 2.599287 -2.248510

I1l.  Results and discussion
Experimentally measured spinning triangle height and the predicted values by artificial neural network
and regression equation (Equation 1) are shown in Table 2.
H =33.929 - 0.971 X1 - 4.060 X2 + 3.081 X3 + 0.016 X1 X1 + 0.247 X2 X2

+0.023 X3 X3 +0.012 X1 X2 - 0.255 X2 X3 - 0.092 X1 X3 + 0.006 X1 X2 X3 1)
Where
H = Height of the triangle in mm
X1=Twist in TPI
X2= Number of filaments
X3= Width of the triangle in mm

The ANN and regression equation were also presented to new sets of inputs, which have not appeared
during the training phase. The corresponding spinning triangle height for those parameters was measured
experimentally and predicted by ANN and regression equation. The error was calculated between the
experimental and the predicted values are given in Table 3. The values predicted by ANN gives an average error
of 1.02% but the values predicted by multiple regression equation gives an average error of 3.67%.

1.2 EFFECT OF FILAMENT STRAND WIDTH ON SPINNING TRIANGLE HEIGHT
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The results of the experiment given in Table 2 clearly show that the width of filament spread had a
significant influence on the height of the spinning triangle. Increase in filament strand width increases the height
of the spinning triangle formed below the front roller nip. Ishtiaque[17] also observed the same trend, while
analysing the effect of roving strand space on siro spun yarn structure and stated that the increase in roving
space increases the distance between the front roller nip and the convergence point. At an equilibrium condition,
the downward force in the yarn (yarn tension) is equal to the sum of upward forces of the filaments[18]. Let us
assume the T is tension in the yarn. T1, T2, T3...Tn are tension in the filaments and its converging angle to the
yarn axisare ® 1, @2, ®3........... @ n respectively, and ‘n’ is number of filaments at spinning triangle.

T=T1 Cos ® 1+T2 Cos ® 2+T3 Cos @ 3. ............ +Tn Cos ® n (2)

While increasing the filament strand width, the convergence angle of the filament is expected to remain
the same value by increasing the height of the triangle proportionally as the other spinning parameters are kept
constant, otherwise the tension either in filament or in the yarn may get change as per equilibrium condition
given in equation 2. To verify the above statement the tension was measured between lappet and front roller by
using Paramount’s digiTENSTM electronic yarn tension meter, the results (Table 4) of which shows that there is
no significant change in yarn tension, while changing the filament strand width. But while calculating the
convergence angle of the edge filament using equation 3 for the experimental and predicted values, it can be
seen (Table 5) that the converging angle slightly increases while the strand width is increased.

® = Tan— (B/2H) ?3)
Where

@ = Filament convergence at spinning triangle.

B = Filament strand spread width in mm

H = Height of the triangle in mm

Table 2 Effect of Twist, Number of Filaments (NF) and Strand width on spinning triangle height

Twist Height of the triangle in mm

NF  (TPI) Width = 8mm Width = 10mm Width = 13mm Width = 15mm Width = 20mm

Expt ANN RE Expt ANN RE Expt ANN RE Expt ANN RE Expt ANN RE

153 247 218 20.9 247 250 237 298 304 284 336 340 317 448 421 408
17.7 191 189 18.6 217 218 211 262 267 253 297 303 283 400 391 36.6
4 20.1 168 164 16.5 190 188 188 230 232 224 262 266 251 356 357 326
22.8 146 141 14.5 165 161 164 200 199 195 227 229 218 311 317 284
25.3 127 123 12.7 144 139 142 174 171 168 198 196 188 271 27.7 245
153 158 157 15.4 1r7 177 177 210 211 213 235 237 240 309 310 315
17.7 141 140 135 158 157 154 187 187 187 209 210 211 277 279 279
6 20.1 126 124 117 140 139 134 166 165 162 186 186 184 247 249 245
22.8 111 110 10.0 124 123 114 147 145 138 164 163 156 218 219 210
253 9.9 9.9 85 11.0 109 9.6 130 128 116 145 143 131 192 192 178
153 131 131 12.0 145 145 136 168 169 162 186 187 183 240 238 241
17.7 118 119 10.3 13.0 131 117 152 152 140 168 168 159 216 216 212
8 20.1 106 107 8.8 117 118 100 137 137 120 151 152 136 195 195 184
22.8 9.5 9.7 74 105 10.6 8.3 122 123 100 135 135 114 174 174 156
253 8.6 8.8 6.2 9.4 9.6 6.9 109 110 83 121 121 94 155 155 131
15.3 118 118 10.5 129 130 114 148 149 131 163 163 145 205 203 187
17.7 10.7 108 9.1 11.7 118 9.9 135 135 114 148 149 126 186 186 164
10 20.1 9.7 9.8 7.9 106 107 8.6 122 123 98 134 135 109 169 170 143
22.8 8.8 8.9 6.8 9.6 9.7 7.3 110 1121 83 121 121 92 153 153 122
253 7.9 8.1 6.0 8.7 8.8 6.2 9.9 100 70 109 110 77 137 138 103
153 111 110 11.0 122 120 113 138 137 120 151 150 127 187 185 153
17.7 101 100 10.0 111 110 1010 126 125 107 138 137 113 171 170 137
12 20.1 9.2 9.2 9.0 101 100 9.1 115 114 95 126 125 101 157 155 122
22.8 8.4 8.4 8.2 9.1 9.1 8.2 104 103 85 114 113 89 142 141 108
253 7.6 7.7 7.7 8.3 8.3 75 9.4 9.4 77 103 102 80 128 128 9.6

NF — Number of filaments Expt- Experimental values,
ANN- Predicted values by artificial neural network,
RE - Predicted values by regression equation

During twisting multiple triangles were formed in the spinning triangle zone. The filaments present at
the middle zone form a shorter triangle whereas the filaments at the edge zone form a longer triangle. These
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edge filaments twist over the previously formed twisted assembly at shorter triangle. Thus the movement of
edge filament into the yarn structure is restricted, which leads to more tension on the filament. This phenomenon
results in the upward movement of the convergence point towards the front roller nip so that the tension in the
filament and yarn comes to equilibrium at the new filament convergence point.

Table 3 Experimental verification of predicted results on spinning triangle height

Twist Number of | Width Spinning triangle length (mm)
(TPI) filaments Of the strand | I. Experimental Predicted values by Error (%)

(mm) values ANN RE ANN RE
15.34 5 9 19.21 19.28 19.15 0.36 0.31
15.34 9 18 19.84 19.90 19.03 0.30 4.08
17.74 5 9 17.32 17.28 17.25 0.23 0.40
17.74 9 18 18.01 18.37 16.98 1.99 5.71
20.14 5 9 14.98 14.85 14.82 0.86 1.06
20.14 9 18 15.99 16.38 14.32 2.43 10.44
Mean absolute percentage error 1.02 3.67

Table 4  Effect of filament strand width, number of filaments on yarn tension

Number of filaments Yarn tension at different spinning triangle width (g)
8mm 10mm 13mm 15mm 20mm
4 25.56 26.34 24.91 24.32 25.12
6 28.63 28.3 29.23 27.8 28
8 315 30.83 31.62 32.53 30.13
10 33.92 34.63 32.26 32.58 33.68
12 35.64 35.52 36.13 35.02 37.23

EFFECT OF YARN TWIST ON SPINNING TRIANGLE HEIGHT

From the results given in Table 2, it is observed that the increase in the yarn twist causes the
convergence point to move towards the front roller nip, thereby reducing the height of the triangle and also
observed that the rate of rise per twist of the convergence point gradually decreases with the increase in twist.
This trend is seen at all strand widths. From the Figure 3, it can be seen that the length of the filament in contact
with roller surface in the spinning triangle increases from L1 to L2 when the convergence point moves from T1
to T2. Increase in filament contact with the front roller surface, increases the frictional force and hence increases
the resistance to rolling of the filament on the surface. This results in a decrease in the rate of twist flow.

Nipping line
Contact line of filament
with roller surface

Figure 3 The length of filament over the roller surface
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Table 5 Effect of Twist, Number of Filaments (NF) and Strand width on filament convergence angle at
spinning triangle

Twist Filament convergence angle in degree

NF | (TPI) Width = Smm Width = 10mm Width = 13mm Width = 15mm Width = 20mm

Fipt | ANN | RE | Expt | ANN | RE | Fxpt | ANN | RE | Fxpt | ANN | RE | Fxpt | ANN | RE
1534 [ 019 [ 10301085 [ 1146 | 113 | 119 T 1231 [ 1200 [ 1291 ] 1257 [ 1243 [ 1331 [ 12587 1335 [ 1377
1774 [ 118 [ o4 [ 123 1200 [ 1204 133 [ 1303 [ 1360 | 144 [ 1417 [ 1301 [ 1484 | 1402 | 1433 [ 158
4 (2004 [ 134 [ 137 [ 1339 ] 1472 [ 1486 | 1493 [ 1576 | 15.62 | 1617 ] 16.00 | 1574 | 1664 | 1571 | 15.65 | 17.06

2275 | 153 | 15.82 | 1542 | 16.83 172 | 16.99 | 18.04 | 18.08 | 1843 | 1827 | 18.14 | 1897 | 17.83 | 17.52 | 19.38
2533 | 175 | 18.07 | 1747 | 1916 | 1974 | 1937 | 205 | 20.84 | 2111 | 20.79 | 20.89 | 21.74 | 2023 | 19.86 | 22.18
1534 | 142 | 1428 | 1452 | 15786 | 158 | 1581 | 1723 | 17.14 | 1695 | 1772 | 1758 | 1736 | 1701 | 17.87 | 17.62
17.74 | 150 | 1508 | 16.52 | 1761 | 1771 | 1795 | 1921 | 102 | 1917 | 1974 | 1965 | 10.57 | 1088 | 19.73 | 1071
6 2014 | 177 | 17.81 | 1886 | 1062 | 10.76 | 2048 | 2137 | 2145 | 2179 | 2106 | 2195 | 22.18 | 22.06 | 21.88 | 22.17
2275 | 198 | 1901 | 21.83 | 2107 | 2214 | 2373 | 2303 | 2400 | 252 | 2450 | 2467 | 2550 | 2468 | 2453 | 2537
2533 | 221 | 2205 | 25190 | 2447 | 2458 | 2746 | 26.65 | 26.83 | 202 | 2738 | 2754 | 2062 | 2751 | 2743 | 20.18
15.34 17 16.92 | 1844 | 10.07 | 1897 | 2023 | 21.11 | 21.01 | 21.78 | 21.92 | 21.84 | 2220 | 22.66 | 2277 | 22.48
17.74 | 187 | 18.62 | 21.16 | 2000 | 2088 | 23.15 | 2319 | 231 | 2478 | 2407 | 2397 | 2525 | 2483 | 2483 | 25.22
g 20.14 | 206 204 | 2431 ) 2307 | 2280 | 2655 | 2545 | 2531 | 2828 | 264 2625 | 28.71 | 27.17 | 27.09 | 28.37

2275 | 228 | 2241 | 28.21 | 2546 | 2516 | 30.78 | 28.07 | 27.84 | 32.68 | 2007 | 2888 | 33.06 | 2002 | 2074 | 3236
2533 | 251 | 2446 | 3241 | 2708 | 2748 | 3544 | 3079 | 304 | 3753 | 3188 | 3155 | 379 | 3278 | 325 | 3088
1534 | 188 | 1868 | 20.77 | 2119 | 21.05 | 2356 | 2367 | 2352 | 2024 | 2473 | 2461 | 27.23 | 26.01 | 261 21.97
17.74 | 20,6 | 2037 | 2350 | 23.14 | 2296 | 26.7 | 25.76 | 25.59 | 20.6 | 26.91 26.7 306 | 2821 | 28.14 | 31.12
10 20.14 | 224 | 22.15 | 26.65 | 25.19 | 24.84 | 3017 | 28.01 | 27.76 | 3320 | 292 2885 | 3431 | 3055 | 3035 | 3438
2275 | 246 | 2412 | 3015 | 27.56 | 27.17 | 3418 | 30.38 | 30.22 | 3759 | 31.86 | 3148 | 3864 | 3325 | 32.89 | 3867
2533 | 268 | 26.09 | 3352 | 30.00 | 29.37 | 38.09 | 33.21 | 32.65 | 41.86 | 3456 | 34.03 | 4204 | 36.05 | 3551 | 4282
1534 | 198 | 20.00 | 199 | 2244 | 22,38 | 2384 | 2519 | 253 | 2828 | 2643 | 2651 | 3031 | 2811 | 28.2§ | 3289
17.74 | 216 | 20.71 | 21.80 | 2435 | 2448 | 2625 | 27.27 | 27.37 | 3112 | 2858 | 28.62 | 3328 | 3028 | 3033 | 3577
12 20.14 | 234 | 2347 | 2386 | 2636 | 26.45 | 2868 | 2046 | 20.54 | 3307 | 30.82 | 30.85 | 36.26 | 3258 | 32.52 | 3873
2275 | 255 | 2542 | 25.82 | 2871 | 28.65 | 3117 | 31.96 | 31.94 | 3695 | 3341 | 3332 | 3038 | 3521 | 35.02 | 41.84
2533 | 277 [ 2735 | 2741 | 3110 | 30.81 | 3329 | 3455 | 3432 | 3955 | 36.03 | 3578 | 42.12 | 3701 | 37.54 | 44.66

NF — Number of filaments, Expt- Experimental values,
ANN- Predicted values by artificial neural network,
RE - Predicted values by regression equation

EFFECT OF NUMBER OF FILAMENT ON SPINNING TRIANGLE HEIGHT

The results of spinning triangle height while increasing the number of filaments are shown in Table 2.
From these results we can see that the increase in the number of filaments reduces the spinning triangle height.
The increase in the number of filaments usually increases the diameter of the yarn therefore during twisting the
filament at yarn surface will take a greater helical path length and helix angle. This results in a higher twist flow
rate and a smaller triangle height for the same TPI and strand width. The rate of twist flow initially high and
then decreases gradually while increasing the number of filaments. This is due to nhumber of filaments required
in each successive layer of the yarn structure. Hearlel has derived equation to measure the number of fibres
present in the layers of the yarn for different types of fibre packing. At the centre of an open packed assembly of
circular fibres starts with a single fibre, around this six fibres should be packed to form the second layer, while
twelve fibres must be available for a complete third layer. Thus an increase in the number of filaments will
initially result in a rapid increase in the diameter of the yarn, but it will require an even a greater number of
filaments to keep increasing the diameter of the yarn by proportionate amounts.

IV.  Conclusion

The spinning triangle height in ring frame can be predicted from regression equation and ANN. Based
on the above study, it may be concluded that ANN may be used successfully for predicting spinning triangle
height. The ANN model has been found to be more accurate that the regression equation. The regression
equation developed has a coefficient of determination (R-Square) of 0.985. The ANN developed has a
coefficient of determination (R-Square) of 0.998. The increase in filament strand width increases the height of
spinning triangle and increases slightly the filament convergence angle. Increase in twist reduces the spinning
triangle height at the same time the rate of convergence point movement towards front roller nip gradually
decreases.Increase in number of filaments in the feed group reduces the spinning triangle height at the same
time the rate of decrease in spinning triangle height gradually decreases.
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